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BENJAMIN   SILLIMAN. 

Our  honored  associate,  Professor  Benjamin  Silliman,  the 
founder  of  this  Journal,  whose  name  has  appeared  upon  the 
title  page  of  every  number,  from  the  first  until  the  present,  is  with 
"US  no  more.  He  died  at  his  residence  in  New  Eaven,  early 
Thursday  morning,  Nov.  24,  1864  (the  day  set  apart  for  a  na- 
tional thanksgiving),  having  reached  the  age  of  85  years. 

It  becomes  our  auty  to  place  on  record  in  these  pages,  as  an 
inscription  to  the  monument  which  he  has  himself  erected,  an 
outline  of  his  career  and  a  tribute  to  his  memory.  Few  men 
enter  life  with  such  promise  as  he ;  fewer  still  sustain  themselves 
so  evenly,  and  die  so  widely  lamented. 

Instruction  in  natural  science  has  been  his  great  work ;  and 
in  it  he  was  emphatically  a  man  of  the  times.  Beginning  when 
almost  nothing  was  known  in  this  country  of  the  departments 
to  which  he  was  especially  devoted,  he  lived  to  see  them  car- 
ried forward  to  a  high  degree  of  progress,  and  their  import- 
ance everywhere  acknowledged.  His  life,  which  was  one  of 
few  marked  incidents,  was  passed  in  his  native  State,  in  connec- 
tion with  Yale  College,  the  institution  that  early  selected  him 
as  one  of  its  faculty.  Two  or  three  times  he  was  invited  to  be- 
come the  president  of  colleges  elsewhere,  but  New  Haven  con- 
tinued his  chosen  home.  Twice  he  visited  Europe,  first  in 
1805-6,  in  order  to  qualify  himself  for  his  work  in  life  by  at- 
tendance upon  lectures  in  London  and  Edinburgh,  and  by  ob- 
servation of  foreign  institutions  of  learning;  and  again,  near 

Am.  Joub.  Sol— Second  Sbbiss,  Vol.  XXXIX,  No.  115.~Jan.,  1806. 
1 


Digitized  by  VjOOQ IC 


2  Benjamin  Siltiman, 

the  close  of  his  life,  in  1851,  when  he  was  accompanied  by  his 
SOD,  and  made  a  more  extended  tour  of  obeervation  and  inquiry. 
Frequent  journeys  in  his  own  country  made  him  acquaint^ 
personally  with  the  institutions  and  the  men  of  every  State, 
while  his  habits  of  prompt  and  friendly  correspondence  perpet- 
uated the  intimacies  which  he  formed  at  home  and  abroaa. 

Without  attempting  a  formal  biography  (which  the  late  day 
of  his  decease  renders  impossible  at  this  time),  we  propose  to 
speak  briefly  of  Professor  Silliman's  career  as  an  officer  of  Yale 
College,  and  as  a  roan  of  science,  and  then  of  his  personal  char- 
acter and  influence  in  the  community. 

The  Silliman  family  has  resided  in  Fairfield,  Conn.,  since  the 
early  colonial  days.  Tradition  says  that  Glandio  Sillimandi, 
their  earliest  known  ancestor,  was  driven,  in  1517,  from  Lucca, 
Italy,  to  Switzerland,  by  religious  persecution.  The  descendants 
resided  in  Berne,  and  afterward  in  Geneva,  whence  they  emi- 
grated through  Holland  to  this  country  about  the  middle  of  the 
seventeenth  century.  A  worthy  pastor  of  the  name,  living 
with  his  family  near  Keuchatel,  was  visited  by  Fro£  Silliman 
in  1851. 

Ebenezer  Silliman,  the  grandfather  of  Benjamin,  graduated 
at  Yale  College  in  1727,  and  Gold  Selleck,  the  father,  in  1752. 
The  latter  was  a  Brigadier  General  of  militia  in  the  Bevolulion, 
and  was  entrusted  for  a  time  with  the  defence  of  the  Long  Island 
coast.  In  1775  he  was  married  to  Mary,  the  daughter  of  Rev. 
Joseph  Fish  of  Stonington,  and  the  widow  of  Bev.  John  Noyes. 
The  two  children  of  this  marriage.  Gold  Selleck  and  Benjamin, 
became  members  of  the  sanre  class  in  college,  and  have  main- 
tained through  life  an  intimacy  peculiarly  fresh  and  cordial. 
The  younger  brother,  Benjamin,  was  born  in  North  Stratford, 
Conn,  (now  the  town  of  Trumbull),  August  8, 1779.  The  elder, 
who  was  born  in  1777,  is  still  living  in  Brooklyn,  N.  Y.' 

Throughout  his  active  life,  Professor  Silliman  has  been  iden- 
tified with  Yale  College.  He  entered  the  institution  in  1792, 
fradaated  in  1796,  became  a  Tutor  in  1799,  was  appointed 
Vofessor  of  Chemistry  and  Natural  History  in  1804 ;  and  in 
1853,  having  been  relieved  at  his  own  request  from  further  ser- 
vice as  an  instructor,  he  was  designated,  bv  the  Corporation, 
Professor  emeritus.  Thus,  during  a  pcrioa  of  nearfy  three- 
quarters  of  a  century,  his  name  has  appeared  as  a  stuaent  and 

'  Prof.  Silliman  was  twice  married :  first,  in  1809,  to  Harriet,  daughter  of  tba 
second  Qov.  Trumboli  of  Connecticut,  the  mother  of  his  nine  children ;  and  again, 
in  1861,  to  Mrs.  Sarah  Webb,  daughter  of  John  McClellan.  Five  diildren  surriTe 
him,  one  son  and  four  daughters.  All  are  married,  the  eldest  daughter  to  J.  B. 
Church,  the  second  to  Prof.  O.  P.  Hubbard,  the  third  to  Prot  J.  D.  Dana,  and  the 
fouKh  to  Rot.  E.  W.  Oilman.  His  descendants  include  twenty-three  grendchUdreu, 
besides  five  deceased,  and  two^reat-gratidchildteo. 
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teacher  suooeflrivelj  on  tht  oatabgaes  of  the  college.  He  was 
a  pupil  both  of  I>r.  Stiles  and  Dr.  Bwight,  and  the  oolleaffue  of 
the  latter  during  eighteen  years.  With  President  Day  and  Pro- 
feraor  Kingsley  ne  was  associated  for  half  a  century  and  more 
in  the  government  of  the  institution. 

In  the  capacity  of  a  college  officer,  he  was  preeminent  as  a 
teacher.  The  professor's  chair,  in  the  laboratory  or  the  lecture- 
room,  was  the  place  above  all  others  in  which  his  enthusiasm, 
his  sympathy  with  youthful  aspirations,  his  varied  acquisitions, 
his  acquaintance  with  the  world  of  Nature  and  of  Art,  and  his 
naoeful  utterance,  exerted  their  highest  and  moQt  enduring  in- 
fluence. The  minds  which  he  aroulBed  to  the  study  of  Nature 
have  become  investigators  and  teachers  in  every  portion  of  the 
country,  and  all  his  pupils,  whether  devoted  to  science  or  to 
letters,  will  bear  testimony  to  the  interest  whic;)i  he  awakened 
in  these  pursuits.  They  will  never  forget  the  admirable  tact 
with  which  the  manipulations  of  the  laboratory  were  performed, 
or  the  brilliant  experiments  in  chemistry  which  the  lecturer 
seemed  to  enjoy  as  if,  like  the  class^  he  had  never  witnessed 
them  before.  The  course  in  chemistry,  in  early  years,  extended 
through  one  hundred  and  twenty  lectures.  In  later  days  it  was 
not  so  long,  but  was  followed  by  a  course  in  mineralogy  and  an- 
other in  geology.  Here,  too,  rrof.  Silliman  had  the  same  mag- 
netic influence  on  his  students,  sending  them  ofif  on  long  wal& 
about  New  Haven  and  at  home  to  search  for  specimens,  or  to 
study  the  phenomena  of  ffeology.  Tbe  third  of  these  annual 
courses,  that  on  geology,  lie  ^ave  with  peculiar  zest  and  elo- 
quenoe.  He  delighted  to  depict  the  catastrophes  of  geological 
history  and  to  clothe  the  world  with  the  plants  and  animals  of 
fi>rmer  days. 

Professor  Silliman  was  less  concerned  in  the  government  of 
the  students  than  some  of  his  associates;  but  questions  were 
continually  arising  in  which  his  counsel  was  of  weight.  He 
was  prompt  in  rebuking  every  form  of  youthful  delinquency,  yet 
was  never  harah  or  inconsiderate.  No  student  ever  left  his  pres- 
ence feeling  wronged  or  indignant  He  would  much  rather  sac- 
rifice a  rule  than  injure  an  offender.  If  he  seemed  sometimes 
to  be  lenient^  it  was  the  leniency  of  a  father,  for  his  mind  re- 
garded the  improvement  of  his  scholars  rather  than  tbe  enforce- 
ment of  routine  and  discipline.  His  paternal  lectures  to  the 
Freshman  class  on  morals  and  manners  were  admirable  in  their 
influence,  and  many  a  graduate  of  tbe  college  will  acknowledge 
that  his  habits  for  life  were  affected  by  the  judicious  hints  which 
he  received  from  his  kind  and  sympathising  teacher. 

Mr.  Silliman's  labors  began  with  instruction ;  but  they  did 
not  end  there.  His  active  and  versatile  disposition  led  him  to 
become  interested  in  and  to  help  forward  whatever  would  con- 
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tribute  to  the  welfare  of  Yale  College.  When  he  went  abroad,* 
in  1805,  to  fit  himself  for  the  duties  of  his  professorship,  the 
purchase  of  books  for  the  library  was  one  of  the  duties  with 
which  he  was  especially  charged.  He  was  one  of  the  library  com- 
mittee until  his  retirement  In  his  own  departments,  not  only 
the  Chemical  Laboratory,  but  also  the  Cabinet  of  Minerals  owed 
its  existence  to  his  energy.  This  collection  is  indeed  so  import- 
ant, that  something  more  than  the  mere  mention  of  it  seems  due. 
About  the  time  when  Mr.  SiUiman  was  appointed  a  professor, 
the  entire  miueralogical  and  geological  collection  of  Yale  College 
was  transported  to  Philadelphia  in  one  small  box,  that  the  speci- 
mens  might  be  named  by  Dr.  Adam  Seybert,  then  fresh  from 
Werner's  School  at  Freiberg,  the  only  man  in  this  country  who 
could  be  regarded  as  a  mineralogist  scientifically  trained.  From 
this  small  beginiing  grew  the  present  cabinet.  In  1810,  owing  to 
personal  regard  for  Prof.  SiUiman,  Col.  George  Gibbs  deposited 
with  Yale  College  his  valuable  collection  of  minerals,  and,  after 
it  had  remained  open  to  the  public  fifteen  years,  various  friends 
of  the  college,  chiefly  through  the  instrumentality  of  Prof  Sil- 
liman,  subscribed  for  its  purchase  the  sum  of  $20,000.  Other 
important  accessions  were  also  secured  through  his  influence, 
not  only  from  college  graduates  and  other  American  gentlemen, 
but  from  various  foreign  collectors. 

The  Clark  telescope  is  another  of  the  donations  to  Yale  Col- 
lege due  to  Prof.  SiUiman.  This  excellent  glass,  the  best  in  the 
country  at  the  time  of  its  purchase,  was  the  means  of  exciting 
among  the  students  of  the  eoUege  unusual  attention  to  astronom- 
ical pursuits  for  many  years  after  its  reception.  The  liberal 
donor,  a  farmer  near  New  Haven,  by  this  and  other  more  im- 
portant gifts,  placed  himself  foremost  among  all  the  benefactors 
of  the  college  up  to  that  time,  and  Mr,  SilUman  was  the  medium 
through  whom  his  benefactions  were  bestowed.  The  Trumbull 
Gallery  of  Paintings,  a  collection  of  priceless  value,  not  only 
as  works  of  art  but  also  as  illustrations  of  American  history 
and  biography,  was  secured  to  the  college  through  the  same 
enlightened  instrumentality.'  The  Medical  Institution  of  Yale 
College  and  the  Sheffield  School  of  Science,  important  branches 
of  the  University,  were  both  greatly  aided  in  their  beginnings 
by  the  influential  exertions  p«t  fortfc  by  Professor  SiUiman. 
lie  was  one  of  the  chief  founders  of  the  Alumni  association  of 
the  college,  and  at  their  anniversaries  and  on  other  occasion?,  he 
was,  as  afiother  has  said,  'Hhe  standing  'orator'  of  the  college, 

*  It  is  an  interesting  fact  that  as  early  as  1842,  Prof.  SiUiman,  In  his  Alumni  ad- 
dress, pointed  oat  the  need  of  another  edifice  for  the  Fine  Arts, -or  an  ext«m8ion  of 
the  Trwnbull  QtMery,  at  no  distant  day.  This  want  is  about  t«  be  supplied  by  tlio 
liberality  of  an  alHDUius  of  tlio  college.  Prof.  SiUiman  was  prevcnleo  by  illness, 
a  week  before  his  decease,  from  talcing  a  public  part  in  the  exercises  of  laying  the 
corner  ttoae  cf  the  proposed  structure. 
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the  principal  mediam  between  those  who  dwelt  in  the  academic 
ahaae  and  the  great  public."  Not  unfrequenily  he  was  the  col- 
lege solicitor,  asking  funds  for  the  expansion  of  the  institution, 
and  never  asking  in  vain. 

Although  his  services  as  a  college  officer  were  great,  Prof.  Sil- 
liman's  strongest  claim  to  the  gratitude  of  men  of  science  rests 
upon  the  establishment,  and  the  maintenance,  often  under  verj 
discouraging  circumstances,  of  the  "American  Journal  of  Sci- 
ence." The  history  of  this  undertaking  has  already  been  given, 
in  his  own  words,  in  the  introduction  to  the  50lh  or  Index  vol- 
ume of  the  First  series  of  the  Journal ;  and  it  is  for  others,  rather 
than  for  us,  to  give  an  estimate  of  his  editorial  services.  It  is  but 
just,  however,  to  call  attention  to  a  few  circumstances,  which 
all  will  regard  as  creditable  to  its  founder. 

He  had  the  sagacity  to  foresee,  as  long  ago  as -ISIS,  the  scope 
which  such  a  magnzine  should  take.  The  prospectus  which  ne 
then  wrote  is  applicable  almost  exactly  to  our  pages  to-day. 
Experience  has  established  the  wisdom  of  the  course  which  he 
marked  out 

He  maintained  the  Journal,  from  the  beginning,  at  his  own 
pecuniary  risk.  Its  publication  has  often  been  a  serious  finan- 
cial burden,  and  in  its  most  prosperous  days  has  not  yielded 
a  fair  return  for  editorial  labor.  But  it  has  been  continued,  at 
this  personal  inconvenience,  for  the  sake  of  American  science, 
that  the  labors  of  our  countrymen  might  be  made  known  abroad, 
and  the  labors  of  Europeans  understood  in  this  country. 

The  Journal  has  never  been  used  for  the  benefit  of  any  party 
or  individual,  but  solely  for  the  advancement  and  difliision  of 
scientific  truth.  Its  pages  have  been  always  open  to  free  scien- 
tific disonssion,  with  truth  as  the  single  end  in  view. 

The  original  investigations  of  Prof  Silliman  are  not  numerous. 
In  the  early  part  of  his  career  he  began  with  energy  some  im- 
portant experiments  and  researches.  He  undertook  a  geological 
survey  of  Connecticut;  he  published  a  paper  in  conjunction 
with  Prof.  Kingsley  on  the  famous  Weston  meteorite;  he  ap- 
plied the  newly  invented  blowpipe  of  his  friend,  Dr.  Hare,  to 
the  fusion  of  a  variety  of  bodies,  which  were  before  regarded  as 
infusible ;  he  demonstrated  in  the  galvanic  battery  the  transfer 
of  panicles  of  carbon  from  one  charcoal  point  to  the  other; 
he  made  scientific  examinations  of  various  localities  interesting 
in  their  geological  or  mineralogical  aspects.  But  he  was  too 
much  needed  elsewhere  to  be  allowed  to  remain  a  close  student 
in  the  laboratory,  or  to  engage  with  constancy  as  an  explorer  in 
the  field  of  geological  research.  He  has  probably  been  a  more 
useful  man  in  the  wider  spheres  of  influence  to  which  he  was 
called  than  he  could  have  been  in  a  life  devoted  to  scientific  in- 
vestigation. 
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DuriDg  a  considerable  part  of  his  life,  he  was  one  of  the  few 
men  in  tne  country  who  could  hold  a  popular  audience  with  a 
lecture  on  science.  The  public  early  knew  of  his  capabilities, 
and  for  many  years  he  yielded  to  invitations  from  various  parts 
of  the  country  to  deliver  lectures  on  Geology  and  Chemistry. 
In  1883  he  gave  his  first  popular  course  on  Geology  at  New 
Haven,  which  was  repeated  in  1834  at  Hartford  and  Lowell,  and 
in  1835  at  Boston  and  Salem.  At  Boston,  the  audience  desiring 
to  attend  was  so  much  larger  than  the  largest  hall  would  hold, 
that  each  lecture  was  given  twice  for  the  accommodation  of  the 
public  From  1840  to  1848  inclusive,  he  gave  four  successive 
courses  of  the  "  Lowell  Lectures"  in  Boston.  Besides  various 
other  engagements  in  the  Northern  and  Eastern  states,  he  went 
in  1847  by  invitation  to  New  Orleans,  and  on  his  way  appeared 
before  crowded  audiences  in  other  cities  of  the  South ;  and  five 
years  after  the  resignation  of  his  professorship  in  college,  when 
he  had  passed  his  75th  year,  he  made  the  long  journey  to  St. 
Louis,  in  obedience  to  a  call  for  a  course  of  lectures  from  the 
citizens  of  that  place. 

In  lecturing,  his  language  was  simple — his  flow  of  words  easy, 

f generous  and  appropriate — his  style  animated,  abounding  in  lire* 
ike  and  well-aaomed  description,  often  eloquent,  and  sometimes 
varied  with  anecdote  running  occasionally  into  wide  digressions. 
His  manner  was  natural,  and  every  feature  spoke  as  well  as  his 
mouth ;  his  noble  countenance  and  commanding  figure  (he  was 
nearly  six  feet  in  height,  with  a  well-built  frame)  often  called 
forth,  as  he  entered  the  lecture  hall,  the  involuntary  applause  of 
his  audience. 

In  his  popular  courses  he  often  lectured  on  the  subject  of 
"Geology  and  Genesis,"  and  as  he  was  widely  known  not  only 
as  a  man  of  science,  but  as  a  sincere  believer  m  the  sacred  Scrip- 
tures, he  greatly  aided  in  removing  from  the  religious  world  the 
apprehension  that  science  and  religion  were  hostile  in  their 
teachings. 

Mr.  Silliman  found  great  pleasure  in  helping  forward  other 
men  of  science.  He  rejoiced  heartily  in  their  progress ;  his 
house  and  his  laboratory  were  always  open  to  receive  them, 
and  if  a  friendly  word  or  letter  from  him  could  advance  their 
interests,  he  was  ever  ready  to  bestow  it.  He  also  felt  a  deep 
<5oncern  for  the  advancement  of  scientific  investigations  in  every 

Eart  of  the  country,  and  whenever,  in  halls  of  legislation,  or 
efore  the  public,  the  name  of  Benjamin  Silliman  would  ad- 
vance a  us6ftil  project,  it  was  not  withheld.  In  more  than  one 
instance,  the  foreigner,  or  the  exile,  remembers  his  kindness 
with  alnK>st  filial  devotion. 

Prof.  Silliman's  scientific  publications,  apart  from  his  contri- 
butions to  this  journal,  were  chiefly  text-books.     He  edited 


Digitized  by  VjOOQ IC 


Benjamin  SiUiman.  7 

Henry's  Chemistry  and  Bakeweirs  Geology,  for  the  use  of  his 
pnpils,  and  also  published  a  work  on  Chemistry,  in  two  volumes. 

His  long  labors  for  science  brought  him  honors  from  all  parts 
of  the  world.  His  name  is  on  the  roll  of  several  of  the  prin- 
cipal scientific  Academies  or  Societies  of  Europe,  and  of  those 
of  his  own  country.  He  was  one  of  the  original  members  of  the 
National  Academy  of  Sciences,  and  a  Begent  of  the  Smithsonian 
Institution. 

Aside  from  Professor  Silliman's  influence  as  an  officer  of  Yale 
College,  and  as  a  well  known  man  of  science,  his  personal  hold 
upon  the  community  at  large  was  remarkably  strong.  This  was 
due  somewhat  to  the  favor  with  which  his  popular  lectures  were 
received,  and  to  the  wide  circuit  over  which  he  had  journeved. 
It  was  also  owing  in  part  to  the  pleasure  and  instruction  which 
were  afforded  by  his  tx)oks  of  travel.  Twice,  as  we  have  stated, 
Professor  Silliman  visited  Europe,  the  interval  between  his  jour- 
neys being  nearly  fifty  years.  Both  these  visits  led  to  the  pub- 
lication of  his  observations  in  volumes  which  were  widely  rend. 
The  narrative  of  his  earlier  journey  especially  was  received  by 
the  public  with  great  delight.  Few  Americans  then  went 
abroad ;  and  hardly  any  had  published  narratives  of  what  they 
had  seen.  Mr.  Silliman's  volumes  were  fascinating  to  young  and 
old, — ^and  many  were  the  testimonials  which  he  received  of  the 
interest  thus  awakened  in  European  institutions  and  manners. 
His  Journal  of  a  Tour  to  Canada  was  another  contribution  to  the 
literature  of  the  day. 

But  the  general  influence  of  Mr.  Silliman  must  be  attributed 
to  his  personal  character  rather  than  to  any  of  what  may  be 
termed  the  accidental  circumstances  of  his  life.  He  was  a  man 
of  vigorous  understanding  and  sound  iudgment,  led  on,  but 
never  carried  away,  by  an  enthusiastic  disposition,  glowing  and 
constant  With  this  was  associated  sterling  integrity,  which 
never  harbored  a  selfish  or  dishonorable  purpose,  but  rejoiced  in 
doing  and  encouraging  whatever  was  right  Every  one  could 
trust  him.  These  fundamental  traits  were  adorned  by  the  out- 
ward qualities  of  affability  and  courtesy,  or  rather  were  expressed 
in  manners  at  once  so  dignified  and  so  kind  that  all  with  whom 
he  came  in  contact  were  charmed  at  once,  and  on  closer  inter- 
course were  bound  to  him  as  friends  for  life.  Such  friendships 
he  never  neglected  or  forgot  Even  the  sons  and  the  grand- 
sons of  his  early  associates  inherited  a  share  in  the  regard  which 
he  had  bestowed  upon  their  parents.  Blending  with  and  enno- 
bling all  these  virtues,  was  the  child-like  simplicity  of  his  Chris- 
tian faith. 

A  character  like  this  shines  the  brighter  the  nearer  it  is  seen. 
In  his  own  family  circle,  Mr.  Silliman  has  moved  for  )rear8  as 
a  patriarch,  surrounded  by  his  descendants  to  the  third  and 
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fourth  generation.  The  very  house  which  he  occupied  has  be- 
come historic,  reflecting  in  its  arrangements,  its  family  portraits, 
its  interesting  mementos  of  absent  friends,  and  its  long  shelves 
of  books,  the  controlling  mind  which  has  dwelt  there. 

In  the  neighborhood  and  town  where  he  resided,  Mr.  Silliman 
was  peculiarly  beloved  and  respected.  "New  Haven  will  not 
be  l^ew  Haven  without  him,"  said  more  than  one  of  his  associ- 
ates, as  he  heard  of  his  death.  His  hand  was  always  open  to  the 
needy.  He  was  given  to  hospitality.  He  frequently  took  part 
in  public  meetings,  and  was  actively  concerned  in  all  questions 
of  local  improvement  He  rarely,  if  ever,  failed  to  discharge 
his  duties  as  a  citizen  at  the  polls,  and  was  always  ready  to  ex- 
press his  opinions  on  questions  of  public  policy. 

A  whole-souled  patriot,  he  viewed  with  the  deepest  interest 
the  complications  brought  into  the  affairs  of  the  country  by  the 
system  of  slavefy.  His  general  benevolence  ever  led  him  to 
sympathize  with  the  oppressed,  and  the  wrongs  of  the  African 
touched  him  deeply.  We  cannot  better  indicate  his  feelings  on 
this  subject  than  by  quoting  a  few  sentences  from  his  private 
journal  under  the  date  of  April,  1850.  After  mentioning  the 
death  of  the  champion  of  what  have  been  called  "Southern 
rights,"  John  C.  Calhoun,  his  former  pupil  and  friend,  he  gives 
a  brief  sketch  of  his  character,  concluding  as  follows: 

^His  public  career  has  been  highly  disti.nguished.  It  is,  however, 
very  much  to  be  regretted  that  he,  many  years  ago,  narrowed  down  hia 
great  mind  to  sectional  views,  and  that  he  became  morbidly  sensitive  and 
jealous  of  encroachment  as  regards  the  South,  especially  in  reference  to 
the  protective  tariff  and  to  slavery.  The  former  prompted  his  efforts  for 
nullification,  and  the  latter  excited  him  to  a  vindication  of  slavery  in  the 
abstract.  He,  in  a  great  measure,  changed  the  state  of  opinion  and  the 
manner  of  speaking  and  writing  upon  this  subject  in  the  South,  until  we 
have  come  to  present  to  the  world  the  mortifying  and  disgraceful  specta- 
cle of  a  great  republic — and  the  only  real  republic  in  the  world — stand- 
ing forth  in  vindication  of  slavery,  without  prospect  of,  or  a  wish  for,  its 
extinction.  If  the  views  of  Mr.  Calhoun,  and  of  those  who  think  with 
him,  are  to  prevail,  slavery  is  to  be  sustained  on  this  great  continent  for- 
ever. I  will  not  occupy  my  pages  with  any  extended  remarks  upon  this 
subject  which  is  now  agitating  the  national  councils,  and  to  a  degree  the 
nation  itself.  *  *  *  It  [the  great  question]  is  in  better  hands  than 
man^s;  and  I  trust  ultimately  the  colored  men  of  all  races  on  this  conti* 
nent  will  be  received  into  the  great  human  family  as  rational  beings  and 
as  heirs  of  immortality.^ 

As  soon  as  the  atrocities  in  Kansas  revealed  the  determina- 
tion of  the  advocates  of  slavery  to  perpetuate  and  extend  that 
institution,  even  if  they  dissevered  or  aestroyed  the  nation,  Mr. 
Silliman  came  out  with  all  his  youthful  ardor,  and  with  the  in- 
fluence of  his  years  and  reputation,  as  the  opponent  of  the  slave- 
power.    He  thus  became  the  object  of  personal  defamation,  even 
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in  the  Senate  chamber  at  Washington ;  but  he  still  remained 
firm,  for  he  recognized  in  this  war  a  slaveholder's  rebellion. 
All  the  lofty  sentiments  of  patriotism  which  were  awakened  in 
childhood,  as  he  witnessed  the  commencement  of  national  life, 
were  intensified  by  this  struggle  to  maintain  the  Union.  He 
was  sure  that  the  nation  would  be  purified  by  the  conflict^  and 
liberty  established  through  all  the  land. 

Mr.  Silliman  has  always  been  remarkable  for  uniform  good 
health,  and  in  his  later  years  manifested  but  slightly  the  en- 
croachments of  nge.  To  the  last,  his  form  was  as  erect,  his  brow 
as  serene,  and  his  features  as  full  of  life  and  cheerfulness  as  in 
his  earlier  days ;  and  his  gait  was  only  a  little  slower  and  more 
cautious. 

He  continued  as  usual  until  the  middle  of  November  just  past, 
when  he  was  for  a  few  days  quite  unwell,  probably  as  an  imme- 
diate consequence  of  exposure  to  cold  in  attending  an  evening 
meeting  in  behalf  of  the  Sanitary  Commission.  He  had  gradu- 
ally, to  appearance,  regained  nearly  his  former  strength  during 
the  following  week,  and,  on  Wednesday,  was  intending  to  join 
the  family  Thanksgiving  festival  the  next  day  at  the  house  of 
his  son-in-law,  Prof.  Dana.  On  the  morning  of  that  day,  Nov. 
24th,  he  awoke  early,  after  a  night  of  quiet  rest,  feeling  stronger, 
as  he  said,  than  he  had  done  for  some  days.  He  spoke  with  his 
wife  of  the  many  reasons  there  were  for  thankfulness,  both  pub- 
lic and  private,  dwelling  at  length  Upon  the  causes  for  national 
gratitude,  especially  in  the  recent  re-election  to  the  Presidency 
of  a  man  who  had  proved  himself  so  true,  so  honest,  so  upright 
in  conducting  the  affairs  of  the  government  as  Mr.  Lincoln.  As 
was  his  custom,  while  still  in  his  bed,  he  offered  up  a  short 

Erayer,  and  repeated  a  familiar  hymn  of  praise.  In  resuming 
is  conversation,  before  rising,  he  spoke  of  the  possibility  of  his 
attending  the  public  services  of  the  day,  of  the  happiness  of  his 
home,  of  the  love  of  his  children,  and,  in  stronff  terms  of  en- 
dearment, of  his  wife.  Just  as  these  his  last  words  of  love  were 
uttered,  there  was  a  sudden  change  of  countenance,  a  slightly 
heavier  breath  and  he  was  gone.  At  the  advanced  age  of  85, 
life  to  him  was  still  beautiful;  and  not  less  so  was  its  close. 
His  sun  set  in  the  blessedness  of  the  Christian's  faith,  to  rise  on 
a  brighter  morrow. 

Am.  Joub.  Scl— Sboovd  Series,  Vol.  XXXIX,  No.  115.— Jak.,  18W. 
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Art.  n. — Notice  of  the  Explorations  of  the  Geological  Survey  of 
California^  in  the  Sierra  Nevada,  during  the  summer  of  1864:. 

In  the  September  number  of  this  Journal  (vol.  xxxviii,  page 
298)  a  notice  was  inserted  giving  a  sketch  of  the  explorations  of 
the  Geological  Survey  of  California  in  the  High  Sierra  about 
the  heads  of  King's  and  Kern  rivers  (latitude  SQ""  30'  to  87"*). 
It  was  mentioned  that  Mr.  King  had,  on  the  6th  of  July,  ascended 
a  peak  over  14,000  feet  high,  and  that  he  was  about  to  make  an 
attempt  to  reach  a  point  still  higher,  which  was  one  of  two  in 
sight  from,  and  higher  than,  the  peak  he  had  just  been  on. 
Since  the  last  number  of  the  Journal  was  issued,  some  further 
particulars  have  been  received  with  regard  to  the  peak  ascended 
on  the  6th  of  July,  to  which  the  name  of  Mt.  Tyndall  was  given, 
and  also  a  brief  account  of  the  attempt  made  to  get  on  to  the 
highest  points. 

The  ascent  of  Mt.  Tyndall  was  a  very  difficult  and  dangerous 
one ;  but  the  summit  was  reached  without  accident  either  to  Mr. 
King  or  his  companion,  although  the  trip  required  that  sev- 
eral nights  should  be  spent  at  an  elevation  of  over  12,000  feet, 
of  course  without  fire,  and  with  but  scanty  covering.  From 
the  summit  of  Mt.  Tyndall,  which  is  considerably  over  14,000 
feet  high,  there  appeared  two  other  peaks  of  equal  elevation  and 
two  still  higher,  all  within  a  distance  of  seven  miles  of  this.  Mr. 
King  says,  "of  the  two  highest,  one  rose  close  by,  being  hardly 
a  mile  away ;  it  is  an  inaccessible  bunch  of  needles.  The  other 
was  equally  inaccessible  from  any  point  on  the  north  or  west 
side.  The  first-mentioned  was  about  150  feet  above  us,  the  other 
was  six  or  seven  miles  distant  and  I  should  think  fully  850  feet 
higher  than  the  peak  we  were  on.  Within  our  field  of  view 
were  five  mountains  over  14,000  feet  and  about  fifty  over  18,000. 
The  five  highest  peaks  are  all  in  the  eastern  ridge.  Owen's  val- 
ley, a  brown  sage  plain,  lies  10,000  feet  below  on  the  one  side, 
and  Kern  caRon,  once  the  rocky  bed  of  a  grand  old  glacier, 
4000  feet  down  on  the  other.  About  fifteen  miles  north  of  here, 
King's  river  cuts  through  the  western  ridge  and  turns  at  a  right 
angle  toward  the  plain.  North  of  this  point,  again,  the  two 
great  ridges  unite  in  a  grand  pile  of  granite  mountains,  whose 
outlines  are  all  of  the  most  rugged  and  fantastic  character. 
Twenty-five  miles  south,  the  high  group  ends,  there  (certainly 
for  a  breadth  of  sixty  miles)  forming  one  broad,  rolling,  forest- 
covered  plateau,  8000  to  9000  feet  in  elevation." 

"  From  Mt.  Brewer  to  Kaweah  Peak,  the  two  culminating 
points  of  the  western  ridge,  for  a  distance  of  fifteen  miles,  there  is 
nothing  that  cnn  be  called  a  separate  mountain :  it  is,  rather,  a 
great  mural  ridge,  capped  by  small  sharp  cones  and  low  ragged 
domes,  all  oovered  with  little  minarets.    At  one  place  the  huge 
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forms  a  level  table ;  upon  this  lies  an  unbroken  cover  of  snow. 
To  the  eastward,  all  this  range,  from  King's  river  gateway  to 
Kaweah  Peak,  presents  a  series  of  blank,  almost  perpendicular 
precipices,  broken  every  mile  or  so  by  a  bold  granite  buttress. 
Between  these  are  vast  snow  fields,  and  also  numberless  deep 
lakes,  of  which  the  most  elevated  are  frozen." 

"The  few  Pinus  conioria^  and  the  groves  of  our  new  pine* 
have  a  peculiar  black  color,  or,  rather,  dark  bluish-green,  which 
rather  augments  than  relieves  the  desolate,  naked  aspect  of 
things."  "The  only  bits  of  bright  color  to  break  the  solemn 
monotony  of  granite  and  snow  are  the  blue  lakes,  which  lie  eve- 
rywhere in  the  ancient  glacier  beds." 

"  Far  away  in  the  north  there  is  a  broad  red  band  in  the  gran- 
ite; other  than  that,  all  is  gray.  Beyond  Owen's  valley  is  a  low 
desert  range.    The  Coso  and  Inyo  mountains  are  in  plain  sight." 

"To  the  eastward,  parallel  ridges,  one  beyond  another,  lie 
stretched  before  you,  rigid  and  stony.  They  have  the  same 
aspect  as  the  mountains  near  Washoe,  the  same  brown  color, 
with  red  and  yellow  shadinga" 

"Nearly  due  north,  fifty  or  sixty  miles  distant,  rises  a  loily 
group  of  mountains,  which  culminates  in  a  white  cone.  This  must 
be  very  high,  for  unbroken  snow  covers  fully  two  thousand  feet 
on  the  south  side  of  the  peak,  while  even  the  highest  mountains 
in  our  group  have  no  snow  except  on  the  north  Rank.  These  are 
probably  the  *  White  Mountains.^  I  venture  14,600  feet  as  a  guess 
at  the  probable  elevation  of  the  hi^est  point  in  the  gioup. 

The  White  mountains,  of  which  Mr.  King  speaks,  in  the  ex- 
tract cited  above,  lie  just  on  the  borders  of  California  and  Ne- 
vada, in  about  Ion.  118°,  lat  37°  80';  they  were  distinctly  visi- 
ble to  us  from  Mt.  Dana  and  the  other  high  peaks  near  Mono 
lake.  It  is  doubtful  whether  the  highest  points  are  within  the 
State  of  California;  but  they  are  probably  very  near  the  line  on 
one  side  or  the  other.  As  it  is  by  no  means  in) possible,  although 
I  do  not  consider  it  probable,  that  some  points  of  this  range  of 
mountains  are  higher  than  any  yet  measured  or  ascended  by  our 
parties,  we  still  have  to  remain  for  some  time  in  uncertainty  as 
to  whether  California  can  claim  the  highest  elevations  in  ihe 
country  as  within  her  borders ;  we  can,  at  least^  say  that  the 
highest  measured  ones  are. 

The  ascent  of  Mt  Tyndall  was  a  successful  one,  the  party  re- 
turning to  camp  at  the  end  of  the  fifth  day,  with  bones  and  bar- 
ometers unbroken,  although  several  very  narrow  escapes  are 
briefly  mentioned  in  Mr.  iCing^s  notes. 

It  appears  from  Mr.  Brewer's  notes,  that  Mr.  King's  baromet- 
rical measurements  of  Mt.  Tyndall  would  make  that  mountain 
above  the  height  of  Mt  Shasta,  or  over  15,090  feet,  Mt  Shasta 
being  14,440.     The  height  of  Yisalia,   which  is  the  plane  of 

'  A  Dew  and  not  jet  named  tpedet  diicoTered  by  the  Sanrey  dtiriog  this  trip. 
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reference  for  all  our  observations  this  year  in  the  High  Sierra, 
has  not  yet  been  as  accurately  determined  as  it  will  he  after  a 
longer  series  of  observations  has  been  worked  up,  this  place 
having  been,  during  the  past  summer,  and  still  continuing  to  be^ 
one  of  Major  Williamson's  stations. 

Not  satisfied  with  the  former  attempt  to  reach  the  highest 

Jeak  of  the  Sierra,  Mr.  King  made  another,  starting  from  Visalia, 
uly  14th,  with  the  intention  of  following  the  Owen's  lake  and 
Visalia  trail,  and  endeavoring  to  reach  the  culminating  point 
from  somewhere  on  this  route.  This  trail  leads  up  the  Kaweah 
river,  following  up  the  South  fork,  from  its  junction  with  the 
middle  fork  of  the  same  river.  Full  particulars  of  this  recon- 
noissanoe  have  not  yet  come  to  hand ;  but  from  letters  latel v 
received,  it  appears  that  the  base  of  the  high  point  toward  which 
his  eflforta  were  directed  was,  with  difficulty,  reached ;  but  that 
the  actual  summit  of  the  peak  was  found  to  be  inaccessible — at 
least  from  any  direction  except  that  of  Owen's  valley,  and  prob- 
ably not  to  be  scaled  from  that  side.  The  highest  point  attained 
bv  Mr.  King  on  this  trip  was  14,369  feet  above  Visalia,  which 
place  is  approximately  360  feet  above  the  sea  level,  making  the 
total  heiMt  14,729  feet,  which  is  considerably  above  Mt.  Shasta. 
But  Mr.  fcuff  was  not,  by  estimate,  within  300  or  400  feet  of  the 
summit,  so  that  it  appears  that  the  elevation  above  the  sea-level 
of  this,  so  far  as  known,  the  culminating  point  of  the  Sierra 
Nevada  cannot  fall  short  of  15,000  feet* 

In  the  mean  time,  the  main  party,  under  Professor  Brewer, 
made  an  attempt  to  work  up  the  topography  of  this  portion  of 
the  Sierra  nortn  to  the  Merced  river,  by  keeping  along  at  a  high 
altitude,  on  the  west  side  of  the  main  ridee;  but,  after  many 
perilous  and  laborious  attempts,  they  founa  the  ridges  between 
the  north  and  south  forks  of  King's  river  to  be  impassable,  so 
that  they  were  obliged  to  cross  the  summit  of  the  Sierra  and 
descend  into  Owen's  valley,  in  order  to  get  north  in  that  valley, 
and  by  crossing  back  on  some  other  pass  to  reach  the  region  of 
the  head-waters  of  the  San  Joaquin.  The  pass  by  which  the 
Sierra  was  crossed,  going  into  Owen's  valley^  was  about  11,600 
feet  high,  all  the  region  about  the  summit  being  exceedingly 
rough,  sharp  peaks  of  granite  rising  2,600  feet  or  more  above 
the  pass  on  both  sides.  The  party  travelled  for  three  days  up 
Owen's  valley,  then  turned  and  crossed  the  Sierra,  by  an  old 
Indian  foot-trail,  to  the  head-waters  of  the  San  Joaquin,  the 
summit  of  the  pass  being  just  about  12,000  feet  high,  and  the 
mountains  on  each  side  1,000  to  1,200  feet  higher 

From  here  the  party  made  their  way  to  Clark's  ranch,  between 
the  Mariposa  estate  and  the  Yo-semite,  through  many  privations 
and  some  perils,  but  without  serious  accident  to  life  or  limb. 

^  To  this  peak  the  name  of  Mount  Whitney  was  given  bj  Metsn.  Brewer,  King 

and  Hoffniftnn, 


Digitized  by  VjOOQ IC 


Sir  C.  Lydl  on  ike  Mineral  Waters  of  Bath.  13 

The  result  of  the  summer's  reconnoissance  has  been  that  a 
general  idea  is  secured  of  the  topography  of  a  region  about  as 
large  as  Massachusetts,  lying  wholly  within  the  State  of  Cali- 
fornia, and  of  which  nothing  whatever  was  known  previously  to 
this.  That  mountain  peaks  should  be  found  in  this  part  of  thf 
State,  higher  than  any  known  to  exist  in  the  United  States,  is  a 
discoverv  equally  interesting  and  unexpected.  The  details  of 
this  exploration  will  furnish  many  facts  of  great  geological  and 
geographical  interest.  j.  D.  w. 

NorthamptoD,  Mase.,  Oct.  16, 1864. 


-Art.  III. — On  the  Mineral  Waters  of  Bath  and  other  hot  springs^ 
and  their  Geological  effects;  by  Sir  Charles  Lyell,  Bart* 

*  *  *  *  What  renders  Bath  a  peculiar 

point  of  attraction  to  the  student  of  natural  phenomena  is  its 
thermal  and  mineral  waters,  to  the  sanatory  powers  of  which 
the  cit^  has  owed  its  origin  and  celebrity.  The  great  volume 
and  high  temperature  of  these  waters  render  them  not  only 
unique  in  our  island,  but  perhaps  without  a  parallel  in  the  rest 
of  Europe,  when  we  duly  take  into  account  their  distance  from 
the  nearest  region  of  violent  earthquakes  or  of  active  or  extinct 
volcanos.  The  spot  where  they  issue,  as  we  learn  from  the  re- 
searches of  the  historian  and  antiquary,  was  lonely  and  desert 
when  the  Romans  first  landed  in  this  island,  but  in  a  few  years 
it  waH  converted  into  one  of  the  chief  cities  of  the  newly  con- 
quered province.  On  the  site  of  the  hot  springs  was  a  large 
morass,  from  which  clouds  of  white  vapor  rose  into  the  air;  and 
there  first  was  the  spacious  bath-room  built,  in  a  highly  orna- 
mental style  of  architecture,  and  decorated  with  columns,  pilas- 
ten*,  and  tessellated  pavements.  By  its  side  was  erected  a 
splendid  temple  dedicated  to  Minerva,  of  which  some  statues 
and  altars,  with  their  inscriptions,  and  ornate  pillars  are  still  to 
be  seen  in  the  Museum  of  this  place.  To  these  edifices  the 
quarters  of  the  garrison,  and  in  the  course  of  time  the  dwellings 
of  new  settlers,  were  added;  and  they  were  all  encircled  by  a 
massive  wall,  the  solid  foundations  of  which  still  remain. 

A  dense  mass  of  soil  and  rubbish,  from  10  to  20  feet  thick, 
now  separates  the  level  on  which  the  present  city  stands  from 
the  level  of  the  ancient  Aquce  Solis  of  the  Romans.  Digging 
through  this  mass  of  heterogeneous  materials,  coins  and  cofiins 
of  the  Saxon  period  have  been  found;  and  lower  down,  begin- 
ning at  the  depth  of  from  12  to  15  feet  from  the  surface,  coins 
have  been  disinterred  of  Imperial  Rome,  bearing  dates  from  the 
reign  of  Claudius  to  that  of  Maximus  in  the  fifth  century.    Be- 

'  From  the  intogural  adctress  at  the  opening  of  the  meeting  of  the  British  Aaso- 
datioa  at  Bath,  Sept  U,  1864. 
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neath  the  whole,  are  occasionally  seen  tesselated  pavements  still 
retjiining  their  bright  colors,  one  of  which,  on  the  site  of  the 
Mineral-water  Hospital,  is  still  carefully  preserved,  affording  us 
an  opportunity  of  gauging  the  difference  of  level  of  ancient  and 
modern  Bath. 

One  of  our  former  Presidents,  Dr.  Daubeny,  has  remarked  that 
nearly  all  the  most  celebrated  hot  springs  of  Europe,  such  as 
those  of  Aix-la-Chapelle,  Baden-Baden,  Naples,  Auvergne,  and 
the  Pyrenees,  have  not  declined  in  temperature  since  the  days  of 
the  Romans;  for  many  of  them  still  retain  as  great  a  heat  as  is 
tolerable  to  the  human  body,  and  yet  when  employed  by  the 
ancients  they  do  not  seem  to  have  required  to  be  first  cooled 
down  by  artificial  means.  This  -unitbrmity  of  temperature, 
maintained  in  some  places  for  more  than  2000  years,  together 
with  the  constancy  in  the  volume  of  the  water,  which  never  va- 
ries with  the  seasons,  as  in  ordinary  springs,  the  identity  also  of 
the  mineral  ingredients  which,  century  after  century,  are  held 
by  each  spring  in  solution,  are  striking  facts,  and  they  tempt  us 
irresistibly  to  speculate  on  the  deep  subterriinean  sources  both 
of  the  heat  and  mineral  matter.  How  long  has  this  uniformity 
prevailed?  Are  the  springs  really  ancient  in  reference  to  the 
earth's  history,  or,  like  the  courses  of  the  present  rivers  and  the 
actual  shape  of  our  hills  and  valleys,  are  they  only  of  high  an- 
tiquity when  contrasted  with  the  brief  space  of  human  annals? 
May  they  not  be  like  Vesuvius  and  Etna,  which,  although  they 
have  been  adding  to  their  flanks  in  the  course  of  the  last  2000 
years  many  a  stream  of  lava  and  shower  of  ashes,  were  still 
mountains  very  much  the  same  as  they  now  are  in  height  and 
dimensions  from  the  earliest  times  to  which  we  can  trace  back 
their  existence?  Yet  although  their  foundations  are  tens  of 
thousands  of  years  old,  they  were  laid  at  an  era  when  the  Medi- 
terranean was  already  inhabited  by  the  same  species  of  marine 
shells  as  those  with  which  it  is  now  peopled ;  so  that  these  vol- 
canos  must  be  regarded  as  things  of  yesterday  in  the  geological 
^calendar. 

Notwithstanding  the  general  persistency  in  character  of  min- 
eral waters  and  hot  springs  ever  since  they  were  first  known  to 
us,  we  find  on  inquiry  that  some  few  of  them,  even  in  historical 
times,  have  been  subject  to  great  changes.    These  have  hap- 

Sened  during  earthquakes  which  have  been  violent  enough  to 
isturb  the  subterranean  drainage  and  alter  the  shape  of  the 
fissures  up  which  the  waters  ascend.  Thus,  during  the  great 
-earthquake  at  Lisbon  in  1755,  the  temperature  of  the  spring 
called  La  Source  de  la  Beine  at  Bagn^res  de  Luchoa,  in  the 
Pyrenees,  was  suddenly  raised  as  much  as  76°  F.,  or  changed 
from  a  cold  spring  to  one  of  122°  F.,  a  heat  which  it  has  since 
retained*  It  is  also  recorded  that  the  hot  springs  at  Bagn^res 
de  Bigorre,  in  the  same  mountain-chain,  became  suddenly  cold 
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doring  a  great  earthqaake  which,  in  1660,  threw  down  several 
houses  in  that  town. 

It  has  been  ascertained  that  the  hot  springs  of  the  Pyrenees, 
the  Alps,  and  many  other  regions,  are  situated  in  lines  along 
which  the  rocks  have  been  rent,  and  usually  where  they  have 
been  displaced  or  '*  faulted."  Similar  dislocations  in  the  solid 
erust  of  the  earth  are 'generally  supposed  to  have  determined  the 
spots  where  active  and  extinct  volcanos  have  burst  forth ;  for 
several  of  these  often  affect  a  linear  arrangement,  their  position 
seeming  to  have  been  determined  by  great  lines  of  fissure.  An* 
other  connecting  link  between  the  volcano  and  the  hot  spring  is 
recognizable  in  the  great  abundance  of  hot  springs  in  regions 
where  volcanic  eruptions  still  occur  from  time  to  time.  It  is 
also  in  the  same  districts  that  the  waters  occasionally  attain  the 
boiling-temperature,  while  some  of  the  associated  stufas  emit 
steam  considerably  above  the  boiling-point  But  in  proportion 
as  we  recede  from  the  great  centres  of  igneous  activity,  we  find 
the  thermal  waters  decreasing  in  frequency  and  in  their  average 
heat,  while  at  the  same  time  they  are  most  conspicuous  in  those 
territories  where,  as  in  Central  France  or  the  Eifel  in  Germany, 
there  are  cones  and  craters  still  so  perfect  in  their  form,  and 
streams  of  lava  bearing  such  a  relation  to  the  depth  and  shape 
of  the  existing  valleys,  as  to  indicate  that  the  internal  fires  have 
become  dormant  in  comparatively  recent  times.  If  there  be  ex- 
ceptions to  this  rule,  it  is  where  hot  springs  are  met  with  in  parts 
of  the  Alps  and  Pyrenees  which  have  b^n  violently  convulsed 
by  modern  earthquakes. 

To  pursue  still  further  our  comparison  between  the  hot  spring 
and  the  volcano,  we  may  regard  the  water  of  the  spring  as  re- 
presenting those  vast  clouds  of  aqueous  vapor  which  are  copi- 
ously evolved  for  days,  sometimes  for  weeks,  in  succession  from 
craters  during  an  eruption.  But  we  shall  perhaps  be  asked 
whether,  when  we  contrast  the  work  done  by  the  two  agents  in 
question,  there  is  not  a  marked  failure  of  analogy  in  one  respect 
— namely  a  want,  in  the  case  of  the  hot  spring,  of  power  to 
raise  from  great  depths  in  the  earth  voluminous  masses  of  solid 
matter  corresponding  to  the  heaps  of  scori»  and  streams  of  lava 
which  the  volcano  pours  out  on  the  surface.  To  one  who  urges 
such  an  objection  it  may  be  said  that  the  quantity  of  solid  as 
well  as  gaseous  matter,  transferred  by  springs  from  the  interior 
of  the  earth  to  its  surface,  is  far  more  considerable  than  is  com- 
monly imagined.  The  thermal  waters  of  Bath  are  far  from  be- 
ing conspicuous  among  European  hot  springs,  for  the  quantity  of 
mineral  matter  contained  in  them  in  proportion  to  the  water 
which  acts  as  a  solvent;  yet  Professor  Eamsay  has  calculated 
that  if  the  sulphates  of  lime  and  soda,  and  the  chlorids  of  so- 
dium and  magnesium,  and  the  other  mineral  ingredients  which 
they  contain,  were  solidified,  they  would  form  in  one  year  a 
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sqaare  column  9  feet  in  diameter,  and  no  less  than  140  feet  in 
height.  All  this  matter  is  now  quietly  conveyed  by  a  stream  of 
limpid  water,  in  an  in  visible  form,  to  the  Avon,  and  by  the  Avon 
to  the  sea ;  but  if,  instead  of  being  thus  removed,  it  were  de- 
posited around  the  orifice  of  eruption,  like  the  siliceous  layers 
which  encrust  the  circular  basin  of  an  Icelandic  geyser,  we 
should  soon  see  a  considerable  cone  built  up,  with  a  crater  in  the 
middle;  and  if  the  action  of  the  spring  were  intermittent,  so 
that  ten  or  twenty  years  should  elapse  between  the  periods  when 
solid  matter  was  emitted,  or  (say)  an  interval  of  three  centuries, 
as  in  the  case  of  Vesuvius  between  1306  and  1681,  the  discharge 
would  be  on  so  grand  a  scale  as  to  aflford  no  mean  object  of  com- 
parison with  the  intermittent  outpourings  of  a  volcano. 

Dr.  Daubeny,  after  devoting  a  month  to  the  analysis  of  the 
Bath  waters,  in  1883,  ascertained  tliat  the  daily  evolution  of  ni- 
trogen gas  amounted  to  no  less  than  250  cubic  feet  in  volume. 
This  gas,  he  remarks,  is  not  only  characteristic  of  hot  springs, 
but  is  largely  disengaged  from  volcanic  craters  during  eruptions. 
In  both  cases,  he  suggests  that  the  nitrogen  may  be  derived  from 
atmospheric  air,  which  is  always  dissolved  in  rain-water,  and 
which,  when  this  water  penetrates  the  earth's  crust,  must  be  car- 
ried down  to  great  depths,  so  as  to  reach  the  heated  interior. 
When  there,  it  may  be  subjected  to  deoxydating  processes,  so 
that  the  nitrogen,  being  left  in  a  free  state,  may  be  driven  up- 
ward by  the  expansive  force  of  heat  and  steam,  or  by  hydro- 
static pressure.  This  theory  has  been  very  generally  adopted, 
as  best  accounting  for  the  constant  disengagement  of  large  bodies 
of  nitrogen,  even  where  the  rocks  through  which  the  spring 
rises  are  crystalline  and  unfossiliferous.  It  will,  however,  of 
course  be  admitted,  as  Pro&ssor  Bischof  has  pointed  out,  that 
in  some  places  organic  matter  has  supplied  a  large  part  of  the 
nitrogen  evolved. 

Carbonic  acid  gas  is  another  of  the  volatilized  substances  dis- 
charged by  the  Bath  waters.  Dr.  Gustav  Bischof,  in  the  new 
edition  of  his  valuable  work  on  chemical  and  physical  geology, 
-when  speaking  of  the  exhalations  of  this  gas,  remarks  that  they 
are  of  universal  occurrence,  and  that  they  originate  at  great 
depths,  becoming  more  abundant  the  deeper  we  penetrate.  He 
also  observes  that,  when  the  silicates  which  enter  so  largely  into 
the  composition  of  the  oldest  rocks  are  percolated  by  this  gas, 
they  must  be  continually  decomposed,  and  the  carbonates  formed 
by  the  new  combinations  thence  arising  must  often  augment  the 
volume  of  the  altered  rocks.  This  increase  of  bulk,  he  says, 
must  sometimes  give  rise  to  a  mechanical  force  of  expansion  ca- 
pable of  uplifting  the  incumbent  crust  of  the  earth ;  and  the 
same  force  naay  act  laterally,  so  as  to  compress,  dislocate,  and  tilt 
the  strata  on  each  side  of  a  mass  in  which  the  new  chemical 
changes  are  developed.    The  calculations  made  by  this  eminent 
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German  cbemist  of  the  exact  amount  of  distention  which  the 
origin  of  new  mineral  products  may  cause,  by  adding  to  the 
volume  of  the  rocks,  deserve  the  attention  of  geologists,  as  af- 
fording them  aid  in  explaining  those  reiterated  oscillations  of 
level — those  risings  and  sinkings  of  land — which  have  occurred 
on  so  grand  a  scale  at  successive  periods  of  the  past.  There  are 
probably  many  distinct  causes  of  such  upward,  downward,  and 
lateral  movements,  and  any  new  suggestion  on  this  head  is  most 
welcome )  but  I  believe  the  expansion  and  contraction  of  solid 
rocks,  when  they  are  alternately  heated  and  cooled,  and  the 
fusion  and  subsequent  consolidation  of  mineral  masses,  will  con- 
tinue to  rank,  as  heretofore,  as  the  most  influential  causes  of  such 
movements. 

The  temperature  of  the  Bath  waters  varies  in  the  different 
springs  from  117°  to  120°  F.  This,  as  before  stated,  is  excep- 
tionally high,  when  we  duly  allow  for  the  great  distance  of  Bath 
from  the  nearest  region  of  active,  or  recently  extinct,  volcanos 
and  of  violent  earthquakes.  The  hot  springs  of  Aix-la-Chapelle 
have  a  much  higher  temperature,  viz.  135°  F.,  but  they  are  sit- 
uated within  forty  miles  of  those  cones  and  lava-streams  of  the 
Eifel  which,  though  they  may  have  spent  their  force  ages  before 
the  earliest  records  of  history,  belong,  nevertheless,  to  the  most 
modern  geological  period,  Bath  is  about  400  miles  distant  from 
the  same  part  of  Germany,  and  440  from  Auvergne — another 
volcanic  region,  the  latest  eruptions  of  which  were  geologically 
coeval  with  those  of  the  Eifel.  When  these  two  regions  in 
France  and  Germany  were  the  theaters  of  frequent  convulsions, 
we  may  well  suppose  that  England  was  often  more  rudely  sha- 
ken than  now ;  and  such  shocks  as  that  of  October  last,  the 
sound  and  rocking  motion  of  which  caused  so  great  a  sensation 
as  it  traversed  the  southern  part  of  the  island,  and  seems  to  have 
been  particularly  violent  in  Herefordshire,  may  be  only  a  lan- 
guid reminder  to  us  of  a  force  of  which  the  energy  has  been 
gradually  dying  out. 

If  you  consult  the  geological  map  of  the  environs  of  this  city, 
colored  by  the  Government  surveyors,  you  will  perceive  that  nu- 
merous lines  of  fault  or  displacement  of  the  rocks  are  there  laid 
down,  and  one  of  these  has  shifted  the  strata  vertically  as  much 
as  200  feet.  Mr.  Charles  Moore  pointed  out  to  me  last  spring, 
when  I  had  the  advantage  of  examining  the  geology  of  this 
district  under  his  guidance,  that  there  are  other  lines  of  dis- 
placement not  yet  laid  down  on  the  Ordnance  Map,  the  existence 
of  which  must  be  inferred  from  the  different  levels  at  which  the 
same  formations  crop  out  on  the  flanks  of  the  hills  to  the  north 
and  south  of  the  city.  I  have  therefore  little  doubt  that  the 
Bath  springs,  like  most  other  thermal  waters,  mark  the  site  of 
some  great  convulsion  and  fracture  which  took  place  in  the  crust 
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of  the  earth  at  some  former  period — perhaps  not  a  very  remote 
one,  geologically  speaking.  The  uppermost  part  of  the  rent 
through  which  the  hot  water  rises  is  situated  in  horizontal  strata 
of  Lias,  and  Trias,  300  feet  thick;  and  this  may  be  more  mod- 
ern than  the  lower  part,  which  passes  through  the  inclined  and 
broken  strata  of  the  suWacent  Coal-measures,  which  are  uncon- 
formable to  the  Trias.  The  nature  and  succession  of  these  rocks 
penetrated  by  the  Bath  waters  was  first  made  out  by  the  late 
William  Smith,  in  1817,  when  a  shaft  was  sunk  in  the  vicinity 
in  search  for  coal.  The  shock  which  opened  a  communication 
through  the  upper  rocks  may  have  been  of  a  much  later  date 
than  that  which  fractured  the  older  and  underlying  strata ;  for 
there  is  a  tendency  in  the  earth's  crust  to  yield  most  readily 
along  lines  of  ancient  fracture,  which  constitute  the  points  of 
least  resistance  to  a  force  acting  from  below. 

If  we  adopt  the  theory  already  alluded  to,  that  the  nitrogen 
is  derived  from  the  deoxydation  of  atmospheric  air  carried  down 
by  rain-water,  we  may  imagine  the  supply  of  this  water  to  be 
furnished  by  some  mountainous  region,  perhaps  a  distant  one, 
and  that  it  descends  through  rents  or  porous  rocks  till  it  encoun- 
ters some  mass  of  heated  matter  by  which  it  is  converted  into 
steam  and  then  driven  upward  through  a  fissure.  In  its  down- 
ward passage,  the  water  may  derive  its  sulphate  of  lime,  chlorid 
of  calcium,  and  other  substances  from  the  decomposition  of  the 
gypseous,  saline,  calcareous  and  other  constituents  of  the  rocks 
which  it  permeates.  The  greater  part  of  the  ingredients  are 
common  to  sea-water,  and  might  suggest  the  theory  of  a  marine 
origin  ;  but  the  analysis  of  the  Bath  springs  by  Merck  and  Gal- 
loway shows  that  the  relative  proportion  of  the  solid  matter  is 
'fer  from  agreeing  with  that  of  the  sea,  the  chlorid  of  magne- 
sium being  absolutely  in  excess,  that  is,  14  grains  of  it  per  gal- 
lon for  12  of  common  salt;  whereas  in  sea- water  there  are  27 
grains  of  salt,  or  chlorid  of  sodium,  to  4  of  the  chlorid  of 
magnesium.  That  some  mineral  springs,  however,  may  derive 
an  inexhaustible  supply  through  rents  and  porous  rocks,  from 
the  leaky  bed  of  the  ocean,  is  by  no  means  an  unreasonable  the- 
ory, especially  if  we  believe  that  the  contiguity  of  nearly  all 
the  active  volcanos  to  the  sea  is  connected  with  the  access  of 
salt  water  to  the  subterranean  foci  of  volcanic  heat. 

Professor  Roscoe,  of  Manchester,  has  been  lately  engaged  in 
making  a  careful  analysis  of  the  Bath  waters,  and  has  discovered 
in  them  three  metals  which  they  were  not  previously  known  to 
contain — namely,  copper,  strontium,  and  lithium;  but  he  has 
searched  in  vain  for  caesium  and  rubidium,  those  new  metals,  the 
existence  of  which  has  been  revealed  to  us  in  the  course  of  the 
last  few  years  by  what  is  called  spectrum  analysis.  By  this  new 
method,  the  presence  of  infinitesimal  quantities,  such  as  would 
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have  wholly  escaped  detection  by  ordinary  tests,  are  made  known 
to  the  eye  by  the  agency  of  light  Thus,  for  example,  a  solid 
substance  such  as  the  residue  obtained  by  evaporation  from  a 
mineral  water  is  introduced  on  a  platinum  wire  into  a  colorless 
gas-flame.  The  substance  thus  volatilized  imparts  its  color  to 
the  flame,  and  the  light,  being  then  made  to  pass  through  a 
prism,  is  viewed  through  a  small  telescope  or  spectroscope,  as  it 
IS  called,  by  the  aid  of  which  one  or  more  bright  lines  or  bands 
are  seen  in  the  spectrum,  which,  according  to  their  position  and 
color,  indicate  the  presence  of  different  elementary  bodies. 

Professor  Bunsen,  of  Heidelberg,  led  the  way,  in  1860,  in  the 
application  of  this  new  test  to  the  hot  waters  of  Baden-Baden 
and  of  Diirkheim  in  the  Palatinate.  He  observed  in  the  spec- 
trum some  colored  lines  of  which  he  could  not  interpret  the 
meaning,  and  was  determined  not  to  rest  till  he  found  out  what 
they  meant  This  was  no  easy  task,  for  it  was  necessary  to 
evaporate  fifty  tons  of  water  to  obtain  200  grains  of  what  proved 
to  be  two  new  metals.  Taken  together,  their  proportion  to  the 
water  was  only  as  one  to  three  million.  He  named  the  first 
caesium,  from  the  bluish-gray  lines  which  it  presented  in  the 
spectrum;  and  the  second  rubidium,  from  its  two  red  lines. 
Since  these  successful  experiments  were  made,  thallium,  so  called 
from  its  green  line,  was  discovered  in  1861  by  Mr.  Crooks;  and 
a  fourth  metal,  named  indium,  from  its  indigo  colored  band,  was 
detected  by  Professor  Richter,  of  Freiberg,  m  Saxony,  in  a  zino 
ore  of  the  Hartz.  It  is  impossible  not  to  suspect  that  the  won- 
derful efficacy  of  some  mineral  springs,  both  cold  and  thermal, 
in  curing  diseases,  which  no  artificially  prepared  waters  have  as 
yet  been  able  to  rival,  may  be  connected  with  the  presence  of 
one  or  more  of  these  elementary  bodies  previously  unknown; 
and  some  of  the  newly  found  ingredients,  when  procured  in  lar- 
ger quantities,  may  furnish  medical  science  with  means  of  com- 
bating diseases  which  have  hitherto  baffled  all  human  skill. 

While  I  was  pursuing  my  inquiries  respecting  the  Bath  wa- 
ters, I  learned  casually  that  a  hot  spring  had  been  discovered  at 
a  great  depth  in  the  copper  mine  near  Redruth,  in  Cornwall, 
having  about  as  high  a  temperature  as  that  of  the  Bath  waters, 
and  of  which,  strange  to  say,  no  account  has  yet  been  published. 
It  seems  that,  in  the  year  1839,  a  level  was  driven  from  an  old 
shaft  so  as  to  intersect  a  rich  copper-mine  at  the  depth  of  1360 
feet  from  the  surface.  This  lode  or  metalliferous  fissure  occur- 
red in  what  was  formerly  called  the  United  Mines,  and  which 
have  since  been  namea  the  Clifford  Amalgamated  Mines. 
Through  the  contents  of  the  lode  a  powerful  spring  of  hot  wa- 
ter was  observed  to  rise,  which  has  continued  to  flow  with  undi- 
minished strength  ever  since.  At  my  request,  Mr.  Horton  Da- 
vey,  of  Redruth,  had  the  kindness  to  send  up  to  London  many 
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gallons  of  this  water,  which  have  been  analyzed  by  Professor 
William  Allen  Miller,  F.E.S.,  who  finds  that  the  quantity  of 
solid  matter  is  so  great  as  to  exceed  by  more  than  four  times 
the  proportion  of  that  yielded  by  the  Bath  waters.*  Its  compo- 
sition ia  also  in  many  respects  very  different ;  for  it  contains  but 
little  sulphate  of  lime,  and  is  almost  free  from  the  salts  of  mag- 
nesium. It  is  rich  in  the  chlorids  of  calcium  and  sodium,  and 
it  contains  one  of  the  new  metals — caesium,  never  before  detec- 
ted in  any  mineral  spring  in  England;  but  its  peculiar  charac- 
teristic is  the  extraordinary  abundance  of  lithium,  of  which  a 
mere  trace  had  been  found  by  Professor  Eoscoe  in  the  Bath  wa- 
ters; whereas  in  this  Cornish  hot  spring  this  metal  constitutes 
no  less  tiian  a  twenty -sixth  part  of  the  whole  of  the  solid  con- 
tents, which,  as  before  stated,  are  so  voluminous.  When  Pro- 
fessor Miller  exposed  some  of  these  contents  to  the  test  of  spec- 
trum analysis,  he  gave  me  an  opportunity  of  seeing  the  beau- 
tiful bright  crimson  lines  which  the  lithium  produces  in  the 
spectrum. 

Lithium  was  first  made  known  in  1817  by  Arfvedson,  who 
extracted  it  from  petalite ;  and  it  was  believed  to  be  extremely 
rare,  until  Bunsen  and  Kirchhoff,  in  1860,  by  means  of  spectrum 
Analysis,  showed  that  it  was  a  most  widely  diffused  substance, 
existing  in  minute  quantities  in  almost  all  mineral  waters,  and 
in  the  sea,  as  well  as  in  milk,  human  blood,  and  the  ashes  of 
some  plants.  It  has  already  been  used  in  medicine,  and  we  may 
therefore  hope  that,  now  that  it  is  obtainable  in  large  quantities, 
and  at  a  much  cheaper  rate  than  before  the  Wheal-Clifford  hot 
spring  was  analyzed,  it  may  become  of  high  value.  According 
to  a  rough  eslimate  which  has  been  sent  to  me  by  Mr.  Davey, 
the  Wheal-Clifford  spring  yields  no  less  than  250  gallons  per 
minute,  which  is  almost  equal  to  the  discharge  of  the  King's 
Bath  or  chief  spring  of  this  city.  As  to  the  gases  emitted,  they 
are  the  same  as  those  of  the  Bath  water — namely  carbonic  acid, 
oxygen,  and  nitrogen. 

Mr.  Warington  Smyth,  who  had  already  visited  the  Wheal- 
Clifford  lode  in  1865,  re-examined  it  in  July  last,  chiefly  with 
the  view  of  replying  to  several  queries  which  I  had  put  to  him ; 
and,  in  spite  of  the  stifling  heati,  ascertained  the  geological  struc- 
ture of  the  lode,  and  the  exact  temperature  of  the  water.  This 
last  he  found  to  be  122°  F.  at  the  depth  of  1350  feet;  but  he 
scarcely  doubts  that  the  thermometer  would  stand  two  or  three 
degrees  higher  at  a  distance  of  200  feet  to  the  eastward,  where 
the  water  is  known  to  gush  up  more  freely.  The  Wheal-Clif- 
ford lode  is  a  fissure  varying  in  width  from  six  to  twelve  feet, 
one  wall  consisting  of  elvan  or  porphyritic  granite,  and  the  other 
of  killas  or  clay-slate.     Along  the  line  of  the  rent,  which  .runs 

*  See  for  the  analysis,  the  last  TolumcTof  this  Journal,  p.  447. 
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east  and  west,  there  has  been  a  slight  throw  or  shift  of  the  rocks. 
The  vein-stuff  is  chiefly  formed  of  cellular  pyrites  of  copper  and 
iron,  the  porous  nature  of  which  allows  the  hot  water  to  perco* 
late  freely  through  it.  It  seems,  however,  that  in  the  cpntinua- 
tion  upward  of  the  same  fissure,  little  or  no  metalliferous  ore 
was  deposited,  but  in  its  place,  quartz  and  other  impermeable 
substances,  which  obstructed  the  course  of  the  hot  spring,  so  as 
to  prevent  its  flowing  oiU  on  the  surface  of  the  country.  It  has 
been  always  a  favorite  theory  of  the  miners  that  the  high  tem- 
perature of  this  Cornish  spring  is  due  to  the  oxydation  of  the 
sulphurets  of  copper  and  iron,  which  are  decomposed  when  air 
is  admitted.  That  such  oxydation  must  have  some  slight  effect 
is  undeniable  ;  but  that  it  materially  influences  the  temperature 
of  so  large  a  body  of  water  is  out  of  the  question.  Its  effect 
must  be  almost  insensible ;  for  Professor  Miller  has  scarcely  been 
able  to  detect  any  sulphuric  acid  in  the  water,  and  a  minute 
trace  only  of  iron  and  copper  in  solution. 

When  we  compare  the  temperature  of  the  Bath  springs,  which 
issue  at  a  level  of  less  than  100  feet  above  the  sea,  with  the 
Wheal-Clifford  spring  found  at  a  depth  of  1850  feet  from  the 
surface,  we  must  of  course  make  allowance  for  the  increase  of 
heat  always  experienced  when  we  descend  into  the  interior  of 
the  oarth.  The  difference  would  amount  to  about  20°  F.,  if  we 
adopt  the  estimate  deduced  by  Mr.  Hopkins  from  an  accurate 
series  of  observations  made  in  the  Monkwearmouth  shaft,  near 
Durham,  and  in  the  Dukinfield  shaft  near  Manchester,  each  of 
them  2000  feet  in  depth.  In  these  shafts,  the  temperature  was 
found  to  rise  at  the  rate  of  only  1®  F.  for  every  increase  of  depth 
of  from  66  to  70  feet  But  if  the  Wheal-Clifford  spring,  instead 
of  being  arrested  in  its  upward  course,  had  continued  to  rise 
freely  through  porous  and  loose  materials  so  as  to  reach  the  sur- 
face, it  would  probably  not  have  lost  anything  approaching  to 
20°  F.,  since  the  renewed  heat  derived  from  below  would  have 
warmed  the  walls  and  contents  of  the  lode,  so  as  to  raise  their 
temperature  above  that  which  would  naturally  belong  to  the 
rocKS  at  corresponding  levels  on  each  side  of  the  lode.  The 
almost  entire  absence  of  magnesium  raises  an  obvious  objection 
to  the  hypothesis  of  this  spring  deriving  its  waters  from  the  sea ; 
or  if  such  a  source  be  suggested  for  the  salt  and  other  marine 
products,  we  shall  be  under  the  necessity  of  supposing  the  mag- 
nesium to  be  left  behind  in  combination  with  some  of  the  ele- 
ments of  the  decomposed  and  altered  rocks  through  which  the 
thermal  waters  may  have  passed. 

Hot  springs  are,  for  the  most  part,  charged  with  alkaline  and 
other  highly  soluble  substances,  and,  as  a  rule,  are  barren  of  the 
precious  metals,  gold,  silver,  and  platinum,  as  well  as  of  tin,  cop- 
per, lead,  and  many  others,  a  slight  trace  of  copper  in  the  Bath 
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waters  being  exceptional.  Nevertheless,  there  is  a  strong  pre- 
sunoption  that  there  exists  some  relationship  between  the  action 
of  thermal  waters  and  the  filling  of  rents  with  metallic  ores. 
The  component  elements  of  these  ores  may,  in  the  first  instance, 
rise  from  great  depths  in  a  state  of  sublimation  or  of  solution  in 
intensely  heated  water,  and  may  then  be  precipitated  on  the 
walls  of  a  fissure  as  soon  as  the  ascending  vapors  or  fluids  begin 
to  part  with  some  of  their  heat  Almost  everything,  save  the 
alkaline  metals,  silica,  and  certain  gases,  may  thus  be  left  behind 
long  before  the  spring  reaches  the  earth's  surface.  If  this  theory 
be  adopted,  it  will  follow  that  the  metalliferous  portion  of  a  fis- 
sure, originally  thousands  of  feet  or  fathoms  deep,  will  never  be 
exposed  in  regions  accessible  to  the  miner  until  it  has  been  up- 
heaved bv  a  long  series  of  convulsions,  and  until  the  higher 
parts  of  the  same  rent,  together  with  its  contents  and  the  rocks 
which  it  had  traversed,  have  been  removed  by  aqueous  denuda- 
tion. Ages  before  such  changes  are  accomplished,  thermal  and 
mineral  springs  will  have  ceased  to  act ;  so  that  the  want  of 
identity  between  the  mineral  ingredients  of  hot  springs  and  the 
contents  of  metalliferous  veins,  instead  of  militating  against  their 
intimate  relationship,  is  in  favor  of  their  being  the  complemen- 
tary results  of  one  and  the  same  natural  operation. 

But  there  are  other  characters  in  the  structure  of  the  earth's 
crust  more  mysterious  in  their  nature  than  the  phenomena  of 
metalliferous  veins,  on  which  the  study  of  hot  springs  has  thrown 
light:  I  allude  to  the  metamorphism  of  sedimentary  rocks. 
Strata  of  various  ages,  many  of  them  once  full  of  organic  re- 
mains, have  been  rendered  partially  or  wholly  crystalline.  It 
is  admitted  on  all  hands  that  heat  has  been  instrumental  in 
bringing  about  this  re-arrangement  of  particles,  which,  when  the 
metamorphism  has  been  carried  out  to  its  fullest  extent,  obliter- 
ates all  trace  of  the  imbedded  fossils.  But  as  mountain -masses 
many  miles  in  length  and  breadth,  and  several  thousands  of  feet 
in  height,  have  undergone  such  alteration,  it  has  always  been 
difficult  to  explain  in  what  manner  an  amount  of  heat  capable 
of  so  entirely  changing  the  molecular  condition  of  sedimentary 
masses  could  have  come  into  play  without  utterly  annihilating 
every  sign  of  stratification,  as  well  as  of  organic  structure. 

Various  experiments  have  led  to  the  conclusion  that  the  min- 
erals which  enter  most  largely  into  the  composition  of  the  met- 
amorphic  rocks  have  not  been  formed  by  crystallizing  from  a 
state  effusion,  or  in  the  dry  way,  but  that  they  have  been  derived 
from  liquid  solutions,  or  in  the  wet  way — a  process  requiring  a 
far  less  intense  degree  of  heat  Thermal  springs,  charged  with 
carbonic  acid  and  with  fluohydric  acid  (which  last  is  often  pres- 
ent in  small  quantities),  are  powerful  causes  of  decomposition 
and  chemical  reaction  in  rocKs  through  which  they  percolate. 
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I^  therefore,  large  bodies  of  hot  water  permeate  mountain-masses 
at  gr^t  depths,  they  may  in  the  course  of  ages  superinduce  in 
them  a  crystalline  structure ;  and  in  some  cases  strata  in  a  lower 
position  and  of  older  date  may  be  comparatively  unaltered,  re- 
taining their  fossil  remains  undefaced,  while  newer  rocks  are 
rendered  melamorphic.  This  may  happen  where  the  waters, 
after  passing  upward  for  thousands  of  feet,  meet  with  some  ob- 
struction, as  in  the  case  of  the  Wheal-Clififord  spring,  causing 
the  same  to  be  laterally  diverted  so  as  to  percolate  the  surround- 
ing rocks.  The  eflScacy  of  such  hydro-thermal  action  has  been 
admirably  lilustrated  of  late  years  by  the  experiments  and  obser- 
vations of  S^narmont,  DaubrlSe,  Delesse,  Scheerer,  Sorby,  Sterry 
Hunt,  and  others. 

The  changes  which  Daubr^e  has  shown  to  have  been  produced 
by  the  alkaline  waters  of  Plombi^res,  in  the  Vosges,  are  more 
especially  instructive.  These  thermal  waters  have  a  temperature 
of  160^  R,  and  were  conveyed  by  the  Eomans  to  baths  through 
long  conduits  or  aqueducts.  The  foundations  of  some  of  their 
works  consisted  of  a  bed  of  concrete,  made  of  lime,  fragments 
of  brick  and  sandstone.  Through  this  and  other  masonry  the 
hot  waters  have  been  percolating  for  centuries,  and  have  given 
rise  to  various  zeolites — apophyllite  and  chabazite  besides  others ; 
also  to  calcareous  spar,  aragonite,  and  fluor  spar,  together  with 
siliceous  minerals,  such  as  opal, — all  found  in  the  interspaces  of 
the  bricks  and  mortar,  or  constituting  part  of  their  rearranged 
materials.  The  quantity  of  heat  brought  into  action  in  this  in- 
stance in  the  course  of  2000  years  has,  no  doubt,  been  enormous, 
although  the  intensity  of  it  developed  at  any  one  moment  has 
been  always  inconsiderable. 

The  study,  of  late  years,  of  the  constituent  parts  of  granite 
has  in  like  manner  led  to  the  conclusion  that  their  consolidation 
has  taken  place  at  temperatures  far  below  those  formerly  suppo- 
sed to  be  indispensable.  Gustav  Bose  has  pointed  out  that  the 
quartz  of  granite  has  the  specific  gravity  of  2*6,  which  charac- 
terizes silica  when  it  is  precipitated  from  a  liquid  solvent,  and 
not  that  inferior  density,  namely  2*3,  which  belongs  to  it  when 
it  cools  and  solidifies  in  the  dry  way  from  a  state  of  fusion. 

But  some  geologists,  when  made  aware  of  the  intervention  on 
a  large  scale,  of  water,  in  the  formation  of  the  component  min- 
erals of  the  granitic  and  volcanic  rocks,  appear  of  late  years  to 
have  been  too  much  disposed  to  dispense  with  intense  heat  when 
accounting  for  the  formation  of  the  crystalline  and  unstratified 
rocks.  As  water  in  a  state  of  solid  combination  enters  largely 
into  the  aluminous  and  some  other  minerals,  and  therefore  plays 
no  small  part  in  the  composition  of  the  earth's  crust,  it  follows 
that,  when  rocks  are  melted,  water  must  be  present,  indepen- 
dently of  the  supplies  of  rain-water  and  sea-water  which  find 


Digitized  by  VjOOQ IC 


24  Sir  C.  LyeU  on  the  Mineral  Waters  of  Bath. 

their  way  into  the  regions  of  subterranean  heat.  But  the  exist- 
ence of  water  under  great  pressure  affords  no  argument  against 
our  attributing  an  excessively  high  temperature  to  the  mass  with 
which  it  is  mixed  up.  Still  less  does  the  point  to  which  the 
melted  matter  must  be  cooled  down  before  it  consolidates  or 
crystallizes  into  lava  or  granite  afford  any  test  of  the  degree  of 
heat  which  the  same  matter  must  have  acquired  when  it  was 
melted  and  made  to  form  lakes  and  seas  in  the  interior  of  the 
earth's  crust. 

We  learn  from  Bunsen's  experiments  on  the  Great  Geyser  in 
Iceland,  that  at  the  depth  of  only  seventy-four  feet,  at  the  bot- 
tom of  the  tube,  a  column  of  water  may  be  in  a  state  of  rest, 
and  yet  possess  a  heat  of  120"*  Centigrade,  or  248°  F.  What, 
then,  may  not  the  temperature  of  such  water  be  at  the  depth 
of  a  few  thousand  feet?  It  might  soon  attain  a  white  heat  un- 
der pressure ;  and  as  to  lava,  they  who  have  beheld  it  issue,  as 
I  did  in  1858,  from  the  southwestern  flanks  of  Vesuvius,  with 
a  surface  white  and  glowing  like  that  of  the  sun,  and  who  have 
felt  the  scorching  heat  which  it  radiates,  will  form  a  high  con- 
ception of  the  intense  temperature  of  the  same  lava  at  the  bot- 
tom of  a  vertical  column  several  miles  high,  and  communica- 
ting with  a  great  reservoir  of  fused  matter,  which,  if  it  were  to 
begin  at  once  to  cool  down,  and  were  never  to  receive  future  ac- 
cessions of  heat,  might  require  a  whole  geological  period  before 
it  solidified.  Of  such  slow  refrigeration,  hot  springs  may  be 
among  the  most  effective  instruments,  abstracting  slowly  from 
the  subterranean  molten  mass  that  heat  which  clouds  of  vapor 
are  seen  to  carry  off  in  a  latent  form  froni  a  volcanic  crater  dur- 
ing an  eruption,  or  from  a  lava-stream  during  its  solidification. 
It  is  more  than  forty  years  since  Mr.  Scrope,  in  his  work  on  vol- 
canos,  insisted  on  the  important  part  which  water  plays  in  an 
eruption,  when  intimately  mixed  up  with  the  component  mate- 
rials of  lava,  aiding  as  he  supposed,  in  giving  mobility  to  the 
more  solid  materials  of  the  fluid  mass.  But,  when  advocating 
this  igneo-aqueous  theory,  he  never  dreamed  of  impugning  the 
Huttonian  doctrine  as  to  the  intensity  of  heat  which  the  produc- 
tion of  the  unstratified  rocks,  those  of  the  plutonic  class  espe- 
cially, implies. 

The  exact  nature  of  the  chemical  changes  which  hydrother- 
mal  action  may  effect  in  the  earth's  interior  will  long  remain  ob- 
scure to  us,  because  the  regions  where  they  take  place  are  inac- 
cessible to  man  ;  but  the  manner  in  which  volcanos  have  shifted 
their  position  throughout  a  vast  series  of  geological  epochs — be- 
coming extinct  in  one  region  and  breaking  out  in  another — may, 
perhaps,  explain  the  increase  of  heat  as  we  descend  toward  the 
interior,  witnout  the  necessity  of  our  appealing  to  an  original 
central  heat,  or  the  igneous  fluidity  of  the  eartlrs  nucleus. 
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Art.  IV. — On  the  Nebular  Hypothesis;   by  David 
Trowbridge,  A.M. 

[CoDcladed  from  voL  xxxriii,  p.  860.] 

1.    The  Breaking-up  of  the  Rings, 

84.  The  process  of  cooling  would  still  continue  after  the  rings 
had  separated.  The  loss  of  caloric  from  radiation  would  cause 
the  rings  to  contract  their  dimensions ;  and  this,  the  unequal 
density  of  different  parts,  and  the  extraordinary  perturbations  to 
which  they  would  necessarily  be  subject  in  their  motions,  would 
cause  a  separation  of  the  rings  in  certain  weak  places.  When 
once  broken  into  parts  while  the  density  of  the  ring  was  very 
small,  even  if  the  parts  were  not  many,  the  case  would  be  extra- 
ordinary in  which  the  parts  would  be  prevented  from  re-uniting 
into  a  single  planet,  owing  to  the  very  great  perturbations  to 
which  their  motions  would  be  subject,  as  separate  bodies.  It  is 
impossible  at  present  to  tell  just  how  a  ring  would  be  resolved 
into  a.  planet.  A  system  of  waves  would  probably  be  developed, 
owing  to  perturbations ;  and  by  an  accumulation  in  one  part, 
owing  to  tne  nature  of  the  disturbing  force,  such  as  calculation 
shows  might  exist  under  certain  conditions  in  the  case  of  the 
rings  of  Saturn,  and  thus  a  considerable  portion  of  the  matter 
of  the  ring  would  be  driven  into  one  side,  and  this  accumulation 
would  be  the  center  of  attraction  around  which  the  planet  would 
be  formed. 

35.  We  may  now  ask  in  what  direction  the  planet  thus 
formed  would  rotate  ?  The  direction  of  rotation  would  depend 
on  circumstances.  Let  us  take  the  breadth  of  the  ring  from 
which  Uranus  was  formed,  the  same  as  the  diameter  of  his 
sphere  of  attraction  in  Kirkwood's  Analogy.  The  diameter  of 
the  sphere  of  attraction  of  Uranus,  as  given  by  Professor  Kirk- 
wooa,"  is  7'438.  The  inner  radius  is  2*558,  and  the  outer  one, 
4*879.  If  we  suppose  the  inner  and  the  outer  parts  of  the 
ring  each  to  have  the  velocity  due  it  according  to  Kepler's  third 
law,  then,  the  velocity  of  the  inner  part  being  callea  1,  that  of 
.  the  outer  will  be  0*8287 ;  and  the  angular  velocities  of  the  same 
parts  will  be  to  each  other  as  1  to  04715.  If  every  part  of  the 
ring  have  the  same  angular  velocity,  and  that  of  the  inner  part 
be  1,  the  angular  velocity  of  the  outer  part  will  be  1*457.  If 
the  inn^r  and  the  outer  parts  have  the  same  velocity,  the  angu- 
lar velocity  of  the  inner  part  being  called  1,  that  of  the  outer 
part  will  be  0'6866.  But  none  of  these  cases  can  obtain  in  any 
of  the  rings,  but  one  or  another  will  be  approximated  to,  accord- 

^  This  Journal,  [2],  xiv,  ]..  218. 
Am.  Jour.  Soi.— Second  Series,  Vol.  XXXIX,  No.  115.— Jan.,  1866. 
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ing  to  circumstances.  The  outer  rings  would  approximate  to 
the  first  case,  and  the  inner  ones,  to  the  second  case ;  while 
intermediate  rings  would  approximate  more  or  less,  according  to 
their  position  in  the  Sj'stem,  to  the  last  case.  In  confirmation 
of  this,  we  may  refer  to  the  case  of  Saturn's  rings.  It  is  demon- 
strated by  mathematicians  that  the  stability  of  the  motions  of 
those  rings  cannot  exist  unless  the  parts  at  different  distances 
from  the  center  of  Saturn,  have  different  angular  velocities.*' 

But  observation"  shows  that  the  stability  of  the  motion  of  the 
Rings  exists.  We  hence  conclude  that  those  parts  of  the  Kings 
situated  at  different  distances  from  the  center  of  Saturn  do  have 
difierent  angular  velocities.  But  it  is  concluded  from  observa- 
tion that  the  rings  of  Saturn  are  liquid ;"  we  hence  conclude 
that  there  is  still  greater  necessity  for  the  different  parts  of  a 
gaseous  ring  situated  at  different  distances  from  the  center  of  at- 
traction, to  have  different  angular  velocities;  just  as  we  have 
concluded  in  speaking  of  the  separation  of  the  rings  from  the 
equatorial  parts  of  the  great  solar  spheroid. 

36.  In  the  case  of  the  first  two  or  three  rings  abandoned  by 
the  primitive  spheroid,  their  density  would  be  relatively  so, small 
that  the  velocity  of  the  outer  parts  would  be  regulated  approx- 
imately by  Kepler's  third  law.  Such  being  the  case,  it  is  prob- 
able that  the  velocity  of  the  inner  parts  will  exceed  that  of  the 
outer  parts.  When  the  rings  break  up  to  form  planets,'the  parts 
will  in  a  great  measure  retain  the  velocity  which  they  had  in  the 
complete  rings,  and  the  consequence  will  be  that  the  rotation  of 
such  planets  will,  at  first,  be  performed  in  a  direction  opposite 
to  that  of  their  motions  around  the  central  body."  In  conse- 
quence of  the  great  friction  of  the  different  strata  of  the  fluid 
planetary  rings  abandoned  by  the  solar  spheroid,  the  outer  strata 
would,  in  most  cases,  probably,  have  a  greater  absolute  velocity 
than  the  inner  strata ;  and  the  planets  formed  from  them  would 
naturally  at  first  take  the  direct  motion  of  rotation,  because  the 
external  parts  having  a  greater  velocity  than  the  inner  parts,  the 
excess  of  velocity  would  give  the  planet  a  direct  rotatory  velocity. 
Even  if  some  of  the  outer  planets  should  prove  to  have  a  retro- 

**  Maxwell,  On  the  Stability  of  the  Motion  of  SatvmU  Ring%^  pp.  8  and  45 ; 
Peirce  in  Gould's  Astronomical  Journal,  ii.  17-18. 

"  Observation  Beems  to  show  that  the  Rings  of  Saturn  are  gradually  approaching 
the  body  of  the  planet ;  but  it  by  no  means  follows  that  they  will  ever  come  in 
contact  with  the  body  of  the  planet  They  have  existed  too  long  for  us  to  suppose^ 
there  is  any  probability  that  the  Rings  are  to  be  precipitated  upon  the  body  of  the 
planet  before  our  eyes,  as  it  were. 

■*  See  Annual  of  Scientific  Discover}/  for  1862,  p.  377. 

**  Professor  Kirkwood  has  pointed  this  out  in  his  article  in  this  Journal,  [2], 
xzxviii,  2-4 ;  and  he  has  alM>  attempted  to  show  that  in  certain  cases  the  rota- 
tion will  become  direct  from  the  action  of  other  members  of  the  System.  See  also, 
volume  XXX vii,  page  61,  where  Prof.  Hinrichs  has  given  a  formula  indicating  the 
same  thing  that  we  have  arrived  at  in  the  text. 
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grade  rotatory  motion,  our  reafioning  would  not  lead  us  to  con- 
clude that  such  would  be  the  case  with  many  of  them. 

37.  But  are  we  certain  that  all  the  rings  would  break  up ;  or 
if  broken  up,  that  each  would  form  a  single  planet  ?  In  this  part 
of  our  enquiry  we  cannot  guess  at  it ;  nor  will  it  do  to  be  guid- 
ed by  the  phenomena  of  the  Solar  System ;  for  it  is  the  phenom- 
ena of  such  a  system  of  which  we  are  to  render  a  rational  ac- 
count. We  must  here  be  guided  by  strictly  mathematical  and 
philosophical  deductions.  Prof.  Peirce,  of  Harvard  University, 
in  his  investigation  of  the  problem  of  the  stability  of  the  mo- 
tions of  Saturn's  Rings,  arrived  at  the  remarkable  conclusion 
that  the  dynamical  equilibrium  of  the  rings  is  preserved  by  the 
sustaining  effect  of  the  satellites  in  the  very  act  of  perturbation. 
He  then  makes  the  remark  that  the  only  place  in  the  Solar  Sys- 
tem, among  the  primary  planets,  where  we  could,  from  the 
above  conclusions,  expect  a  permanent  ring,  is  just  within  the 
powerful  masses  of  Jupiter  and  Saturn."  But  even  here,  he 
says,  the  ring  could  not  exist,  but  must  ultimately  be  destroyed. 
He  says,  "  But  had  there  been  a  ring  at  this  part  of  the  system, 
it  must  have  been  subject  to  such  extraordinary  perturbations 
that  It  would,  in  the  course  of  time,  have  been  vibrated  up 
against  the  next  inferior  planet,  Mars;  and  in  this  way  have 
been  broken  into  the  asteroids.  The  orbits  of  planets,  formed 
under  such  circumstances,  must  have  been  characterized  by  great 
eccentricity."  , 

The  above  view  of  the  formation  of  the  Asteroids,  needs 
some  modification.  According  to  Peirce's  conclusions,  drawn 
from  his  investigation  of  the  problem  of  Saturn's  Rings,  a  fluid 
ring  miffht,  perhaps,  exist  for  some  considerable  length  of  time, 
within  the  orbit  of  Jupiter.  Granting  this  to  be  true,  it  is  diffi- 
cult to  escape  the  conclusion  that  the  process  of  cooling,  to  which 
the  ring  would  be  subject,  even  if  it  were  gaseous,  would  grad- 
ually reduce  it  to  a  condition  approximating  to  that  of  the  rings 
of  Saturn  at  the  present  time ;  tnat  is,  a  liquid  state.  The  vari- 
ous conclusions,  then,  at  which  mathematicians  have  arrived, 
respecting  the  perturbations  of  those  rings,  will  apply  with 
greater  or  less  force,  according  to  circumstances,  to  the  supposed 
ring  within  the  orbit  of  Jupiter.  Prof.  Maxwell,"  in  his  inves- 
tigation of  the  problem  ot  the  motion  of  Saturn's  Rings,  dis- 
cussed the  case  of  a  solid  ring,  a  ring  of  disconnected  particles, 
and  a  fluid  (or  more  definitely  a  liquid,)  ring.  The  first  case  he 
found  to  be  one  of  unstable  equilibrium.  In  the  last  two  cases 
he  found  that  if  the  perturbations  to  which  the  ring  would  be  sub- 

"  Gould's  Ast.  Journal,  vol.  ii,  p.  18.  Also  Annual  of  Scientific  Discovery  for 
1S62.  p.  879. 

**  On  the  stability  of  the  motion  of  Saturn's  rings.  An  essay  vhich  obtained  tho 
Adnms  Prize  for  the  year  1356,  in  the  UuiTersity  of  Cambridge,  Eng.  By  J.  Clerk 
Maxwell,  M.  A. 
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ject  could  be  propagated  around  the  ring  in  the  form  of  waves, 
subject  to  particular  conditions,  the  ring  would  be  permanent ; 
but  if  these  particular  conditions  were  not  fulfilled,  the  ring 
would  be  destroyed.  In  the  case  of  a  fluid  ring,  (incompres- 
sible,) he  found  that  in  general  a  wide  ring  could  not  revolve 
every  part  of  which  had  the  same  angular  velocity."  In  his 
recapitulation"  he  says,  "  We  next  took  tip  the  case  of  a  flat- 
tened ring,  composed  of  incompressible  fluid,  and  moving  with 
uniform  angular  velocity.  The  internal  forces  here  arise  partly 
from  attraction  and  partly  from  fluid  pressure.  We  began  by 
taking  the  case  of  an  infinite  stratum  of  fluid  afiected  by  regu- 
lar waves.  I  found  the  accurate  values  of  the  forces  in  this 
case.  For  long  waves,  the  resultant  force  is  in  the  same  direc- 
tion as  the  displacement,  reaching  a  maximum  for  waves  whose 
length  is  about  ten  times  the  thickness  of  the  stratum.  For 
waves  about  five  times  as  long  as  the  stratum  is  thick,  there  is 
no  resultant  force;  and  for  shorter  waves,  the  force  is  in  the  op- 
posite direction  to  the  displacement. 

39.  *' Applying  these  results  to  the  case  of  the  ring,  we  find 
that  it  will  be  destroyed  by  the  long  waves  unless  the  fluid  is 
less  than  -^d  of  the  density  of  the  planet,  and  that  in  all 
cases  the  short  waves  will  break  up  the  ring  into  small  satellites. 

40.  '*  Passing  to  the  case  of  narrow  rings,  we  should  find  a 
somewhat  larger  maximum  density,  but  we  should  still  find  that 
very  short  waves  produce  forces  in  the  direction  opposite  to  the 
displacement,  and  that  therefore,  as  already  explained,  these 
short  undulations  would  increase  in  magnitude  without  being 
propagated  along  the  ring,  till  they  had  broken  up  the  fluid  fila- 
ment into  drops.  These  drops  may  or  may  not  fulfill  the  condi- 
tion formerly  given  [in  the  essay]  for  the  stability  of  a  ring  of 
equal  satellites.  If  they  fulfill  the  conditions,  they  will  move  as 
a  permanent  ring.  If  they  do  not,  short  waves  will  arise  and 
be  propagated  among  the  satellites,  with  ever  increasing  magni- 
tude, till  a  sufficient  number  of  drops  have  been  brought  into 
collision,  so  as  to  unite  and  form  a  smaller  number  of  larger 
drops,  which  may  be  capable  of  revolving  as  a  permanent  ring." 

41.  Basing  our  reasoning  on  the  preceding  results,  we  are  led 
to  the  conclusion  that  under  certain  conditions — such  as  prob- 
ably exist  within  the  orbits  of  Jupiter  and  Saturn  in  the  Solar 
System — the  abandoned  fluid  ring  may  preserve  its  form  for  im- 
mense ages,  and  thus  have  time  to  cool  down  somewhat  and  ap- 
proximate to  the  condition  of  an  incompressible  fluid,  and  then, 
with  the  changes  already  taken  place,  undergo  the  necessary 
transformation,  to  convert  it  into  small,  separate  bodies.  These 
bodies  would  continue  to  come  into  collision  until  the  conditions 
of  dynamical  equilibrium  were  fully  established,  and  thus  en- 

••  MaxweU,  p.  46.  *»  lb.,  p.  64. 
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able  each  body  to  move  in  its  own  independent  orbit.  Bodies 
so  formed  must  xary  in  size  from  the  largest  of  them  to  bodies 
too  minute  to  be  visible  through  our  most  powerful  telescopes.** 
The  original  ring  would  necessarily  have  considerable  width,  and 
since  it  would  be  prevented  from  uniting  into  a  single  planet, 
any  such  zone  of  small  planets  would  also  be  of  considerable 
wiSth,  and  the  planets  would  range  in  mean  distance  from  one 
limit  of  the  broken  ring  to  the  opposite  limit.  The  various  dis- 
turbing causes  would  verj  probably  cause  the  small  planetary 
bodies  to  move  in  very  eccentric  (planetary)  orbits,  and  the 
action  of  the  short  waves  which  would  bVeak  up  the  ring,  might, 
perhaps,  cause  the  resulting  planets  to  move  in  orbits  consider- 
ably inclined  to  each  other,  and  to  the  plane  of  the  ecliptic. 

42.  The  heterogeneousness  of  the  materials  composing  the 
outer  rings,  and  the  great  rarity  of  their  physical  condition, 
would,  perhaps,  cause  som0  of  the  less  dense  portions,  at  the 
time  of  the  breaking-up  of  the  rings,  owing  to  the  action  of  the 
great  disturbing  forces  to  which  their  motions  would  be  subject, 
to  be  projected  to  a  considerable  distance  from  either  the  outer 
or  the  inner  parts  of  the  rings,  and  such  detached  portions- 
might  never  return  to  the  parent  masses,  but  would  move  around 
the  central  solar  bodv  in  an  elliptical  orbit,  having,  perhaps,  in 
some  cases,  considerable  inclination  to  the  plane  of  tne  equator 
of  the  rings  from  which  they  were  projected.  Such  bodies 
would  revolve  around  the  sun  as  Comets.  The  theory  of  Central 
Forces"  shows  us  that,  when  the  distances  from  the  central  body 
and  the  initial  velocity  are  given,  the  eccentricity  is  dependent  on 
the  angle  of  projection ;  that  is,  the  angle  formed  by  the  radius- 
vector  and  the  line  of  projection.  Supposing  comets  to  have 
been  formed  as  we  have  just  described,  we  see  that  the  great 
eccentricity  of  their  orbits  results  from  the  direction  with  respect 
to  the  radius- vector,  in  which  the  mass  is  thrown  from  the  ring. 
Such  comets  would  very  probably  move  around  the  sun  in  the 
same  direction  as  the  planets.  Those  rings  abandoned  nearer 
the  centre  of  the  solar  spheroid,  would,  very  likely,  be  more 
symmetrical  in  the  disposition  of  their  materials,  and  conse- 
quently less  likely  to  have  any  large  collection  of  rare  materials 
that  could  be  projected  from  the  rings.  We  hence  conclude 
that  those  comets  which  have  a  comparatively  short  period  of 
revolution,  will  not  be  very  large  and  conspicuous  objects  when 
they  approach  their  perihelia.  We  may  further  conclude  that 
the  last  three  or  four  rings  would  not  throw  off  any  comets. 
We  hence  conclude  that  periodic  comets  having  a  direct  motion 
should  be  found  in  groups,  perhaps,  with  periods  of  revolution 
a  little  greater  or  a  little  less  than  the  planets  to  which  they 

"  2dsij  we  not  iti  this  way  account  for  the  existeDce  of  meteoric  riDgs  ? 
'^  See  Math.  MoDthlj,  ii,  160. 
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nearest  correspond  in  their  motions.  Eetrogra'le  comets,  and  a 
portion  of  those  -vs  hich  have  a  direct  motion,  c^i^iot  very  well  be 
accounted  for  upcn  this  hypothesis  of  the  breaking-up  of  the 
rings,  nor  should  we  expect  to  find  retrograde  comets  with  short 
periods.  If,  as  Laplace  supposed,  and  which,  according  to  our 
hypothesis,  is  not  improbable,  comparatively  small  quantities  of 
nebulous  matter  exist  in  different  regions  of  the  universe,  the 
Solar  System  may,  in  its  motion  through  space,  come  into  their 
immediate  neighborhood  at  different  times,  and  such  nebulous 
matter  would  be  drawn,  by  the  attractive  influence  of  the  sun 
and  planets,  into  the*  system,  and  it  would  appear  in  the 
form  of  comets — either  retrograde  or  direct,  according  to  circum- 
stances— and  meteors.  All  comets  so  formed  would  necessarily 
have  a  comparatively  long  period  of  revolution,  unless  (which 
might  be  the  case  in  some  instances)  the  perturbative  influence 
of  the  planets  should  change  their  cfrbits.  We  may  hence  con- 
clude that  all,  or  nearly  all,  comets  having  a  short  period,  will 
have  a  direct  motion ;  and  of  the  comets  of  long  periods,  the 
direct  and  retrograde  should,  considering  all  time,  be  nearly 
equally  divided,  so  far  as  we  can  determine. 

2.   The  Planets  and  their  Satellites. 

48.  After  the  rings  from  which  the  planets  were  formed  were 
broken  up,  and  all  the  parts  of  any  one  ring  reduced  to  a  planet, 
euch  planet,  as  we  have  shown,  would  have  a  rotation  on  an 
axis.  This  axis  would,  necessarily,  be  a  natural  or  principal 
cads.  It  would  be  a  delicate  adjustment  to  give  a  solid  body, 
differing  from  a  sphere,  a  rotation  around  a  principal  axis ;  but 
a  fluid  body  woula  readily  adapt  itself  to  such  an  axis.  We  do 
not  doubt  but  that  Infinite  Wisdom  and  Power  could  cause  any 
solid  body  to  rotate  around  a  natural  axis ;  but  we  have  not  the 
least  evidence  that  Infinite  Wisdom  ever  works  in  that  special 
manner.  God  always  adapts  means  to  ends,  so  that  all  things 
are  produced  under  the  action  of  fixed  natural  laws.  We,  there- 
fore, conclude  that  the  planets,  formed  as  required  by  the  Nebu- 
lar Hypothesis,  should  all  be  found  to  rotate  on  natural  ax^s. 

44.  After  the  parts  of  the  broken-up  rings  had  united,  and 
the  resulting  bodies  commenced  their  rotatory  motion,  the  cooling 
of  the  masses,  in  consequence  of  the  radiation  of  heat,  would 
cause  their  rotatory  velocities  to  be  increased,  and  this  process 
would  continue  till,  in  most  instances,  a  secondary  ring  would 
be  abandoned  by  such  planetary  bodies."  The  outer  planets  be- 
ing larger  and  much  less  dense  than  the  inner  ones,  would  aban- 
don several  secondary  rings.  In  reference  to  the  number  of  these 
secondary  rings  cast  off  by  each  of  the  planets,  all  that  we  can 

*•  We  have  attempted  here  to  be  guided  by  strictly  reasonable  concluaiods,  with- 
out any  reference  to  the  phenomena  of  the  Solar  System. 
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at  present  conclude  on,  with  any  degree  of  certainty,  is,  that  the 
number  should,  npon  the  whole,  increase  from  the  sun  outward, 
"We  cannot,  at  present,  say  that  the  outermost  planet  ought  to 
have  abandoned  the  greatest  number  of  rings.  These  secondary 
rin^  would,  in  general,  break  up  and  form  secondary  planets,  or 
satellites.  Under  certain  conditions — such  as  Prof.  Peirce  has 
found  to  exist  in  the  System  of  Saturn — a  ring,  or  rings  might 
remain  entire,  or  at  least,  not  break  up  into  a  -single  satellite. 
According  to  this  view,  rings,  if  they  exist,  must  be  found  in- 
terior to  several  satellites.  In  every  case — unless  changed  by 
disturbing  forces — the  planet  should  rotate  on  its  axis  in  less 
time  than  is  required  for  any  ring  or  satellite  to  revolve  around 
the  primary.  The  same  must  hold  in  the  case  of  the  sun  and 
the  planets. 

45.  When  the  last  ring  has  been  abandoned  by  any  one  of 
the  planets,  the  remaining  part**  must  cool  down  and  thus  form 
a  primary  planet.  The  outer  portions  being  exposed  to  the  low 
temperature  of  space — at  least  50°  below  zero  Fah. — they  will 
cool  much  more  rapidly  than  the  inner  parts,  and  after  the 
whole  is  reduced  to  a  liquid,  a  crust  would,  comparatively  soon, 
form  around  the  liquid  planet,  and  further  radiation  would  take 
place  very  slowly  compared  with  its  former  rate.  A  certain 
amount  of  heat  would  be  received  from  the  other  bodies,  partic- 
ularly the  sun,  (whatever  might  be  its  condition),  and  finally  a 
balance  would  be  reached  beyond  which  the  planet  would  not 
cool, — or  at  most  very  slowly, — and  thus  the  inner  parts  would 
remain  liquid.  The  outer  planets  being  from  the  beginning  less 
dense  than  the  others,  a  crust  would,  perhaps,  be  formed  so  com- 
paratively early  as  to  leave  the  mean  density  of  the  planet  com- 
paratively small.  We  should,  therefore,  look  for  an  increase  in 
mean  density  from  the  outermost  planet  to  the  innermost.  We 
see  no  reason,  however,  to  believe  that  any  simple  law  regulates 
this  variation  of  mean  density  from  one  planet  to  another. 

46.  It  would  at  first  seem  as  if  the  satellites  of  the  primaries 
should  follow  the  same  law  of  rotation  that  the  primaries  them- 
selves do ;  but  we  must  recollect  that  the  numbers  representing 
the  distances  of  the  former,  expressed  in  radii  of  the  latter,  may 
differ  very  considerably  from  the  numbers  representing  the  dis- 
tances of  the  latter  expressed  in  radii  of  the  sun.  Again,  the 
rings  from  which  the  satellites  were  formed,  were  abandoned 
when  the  primaries  were  much  reduced  in  temperature,  and  con- 
densed, when  compared  with  the  condition  of  the  primary  rings 

•  *•  In  the  Nebular  Hypothesis,  after  a  fluid  body  has  abandoDcd  all  the  ringg  pos- 
Bible,  there  mutt  remain  a  central  body  of  comparatively  large  dimensions,  and  of  a 
mass  far  greater  than  the  sum  of  the  masses  of  all  (he  rings  separated.  Hov 
would  the  Jiuthor  of  the  meteoric  theory  as  g^ven  in  the  204th  number  of  the  Korth 
American  Review,  account  for  the  fact  that  our  Solar  System  is  constructed  npoo 
this  principle ! 
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when  they  were  separated  from  the  primitive  solar  spheroid.  All 
the  satellites  will  be  much  smaller  than  the  primaries;  and, 
being  comparatively  small  bodies,  they  will  cool  down  and  be- 
come solid  much  sooner  than  the  primaries  will.  In  conse- 
quence of  the  forces  acting  on  the  planets,  both  primaries  and 
secondaries,  they  will  become  spheroidal  in  shape  as  soon  as  the 
rings  from  which  they  are  made  are  broken  up  and  the  parts 
united.  The  attraction  of  the  primaries  on  the  fluid  satellites, 
will  raise  the  fluid  particles  into  great  tidal- waves ;  and  as  the 
waves  on  opposite  sides  are  slightly  unequal,  the  result  will  be 
a  retardation  of  the  rotatory  velocity  of  the  secondaries.  William 
Ferrel,  Esq.,  of  the  Nautical  Almanac  OflSce,  Cambridge,  Mass., 
has  given**  a  mathematical  discussion  of  the  retarding  eflFect  of 
the  tides  of  the  earth  on  its  rotatory  velocity.  According  to  his 
conclusions,  the  retarding  effect  of  the  earth  upon  the  moon's  ro- 
tatory velocity,  both  acting  under  similar  circumstances,  would 
be  between  500  and  600  times  as  great  as  that  of  the  moon  on 
the  earth's.  According  to  his  results,  it  would  amount  to  an  entire 
circumference  of  the  moon,  or  one  period  of  rotation  of  the 
moon  in  a  hundred  years.  Even  if  these  numbers  be  wide  of 
the  truth,  the  investigation  shows  us  that,  in  general,  the  retard- 
ing effect  of  the  attraction  of  the  primaries  on  their  secondaries, 
when  in  a  fluid  state,  is  sufficient,  in  the  course  of  immense  ages, 
to  reduce  the  periods  of  revolution  and  rotation  of  the  latter  to 
isochronism.  We  have,  therefore,  great  reason  to  suppose  that 
as  a  general  rule  the  satellites  turn  on  their  axes  but  once  during 
a  revolution  around  their  primaries. 

47.  If  there  exists  a  cosmical  ether,  as  is  at  present  pretty  gen- 
erally admitted,  in  order  that  it  may  remain  spread  throughout 
universal  space,  it  is  only  necessary  for  it  to  possess  an  elasticity 
80  great  that  the  action  of  luminous  bodies  is  sufficient  to  pro- 
duce a  mechanical  action  in  it  that  will  enable  it  to  maintain  its 
temperature  and  fluid  condition  under  all  circumstances.  This 
cosmical  ether  being  material  in  its  nature,  it  would  necessarily 
partake  of  the  motion  of  those  bodies  with  which  it  remains  in 
contact  for  immense  ages  of  time.  In  the  Solar  System,  the  mo- 
tion of  the  ether  around  the  sun  would  be  in  the  general  direc- 
tion of  all  the  planets.    It  would  also  be  regulated  in  its  motion 

**  GouliTs  Ast  Joarnal,  iii,  188-141.  Professor  Ferrel  informs  me  that  some 
nambers  which  be  employed  he  now  knows  to  be  about  ten  times  too  large,  and 
hence  his  results  shoula  be  diminished  in  nearly  the  same  ratio.  He  found  that  in 
one  century  the  moon  retarded  the  rotatory  motion  of  the  earth's  equator  87*44 
miles.  Dividing  this  by  10,  to  correspond  more  nearly  with  more  recent  data,  we 
have  about  8|  miles  for  the  retarding  effect  of  the  moon  in  a  century.  The  effect 
of  the  earth  on  the  moon  he  found  to  be  562^  times  as  great  as  that  of  the  moon  od 
the  earth ;  and  this  will  give — since  the  diameter  of  the  moon  is  only  about  one- 
fourth  of  the  diameter  of  the  earth— -between  500  and  600  miles  for  the  retarding 
effect  of  the  earth  upon  the  moon's  equater,  if  it  be  only  partly  fluid.  If  it  be 
wholly  fluid,  it  would  be  somewhere  near  1000  miles  per  century. 
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partly  according  to  the  third  law  of  Kepler;  and  thus  the 
planets,  whatever  might  be  their  distances  from  the  san,  would 
scarcely  be  retarded  by  it  in  their  annual  revolutions."  Since 
the  ether  is  supposed  to  maintain  its  temperature,  and  therefore 
clastic  force,  it  would  not  gather  into  separate  collections,  leav- 
ing some  parts  without  it ;  but  it  would  only  be  slightly  con- 
densed around  the  different  bodies  of  the  universe. 

48.  If  we  calculate  the  principal  radii  of  gyration  of  Jupiter, 
at  the  time  when  each  secondary  ring  was  abandoned,  upon  the 
same  principle  as  that  adopted  in  the  case  of  the  sun,  viz:  by 
Delecting  the  masses  of  the  satellites,  we  shall  find  such  radii, 
at  the  time  when  each  satellite  ring  was  separated,  commencing 
with  the  nearest  and  taking  them  in  the  oraer  of  distance — the 
equatorial  radius  of  Jupiter  being  the  unit — to  be  as  follows: 


Table  IV. 

k^  =  1-308; 

01  =     6-048; 

jta  =   1-882; 

a^  =     9-623; 

k^  =  2-630; 

a,  =  15-350; 

k^  =z  4018; 

a^  =  26-908; 

a,,  &c,  being  the  distances  of  the  satellites.  If  we  compare  the 
radii  of  gyration,  i,  with  the  mean  distance  of  the  satellites,  a, 
we  see  that  in  every  instance  the  latter  is  not  far  from  six  times 
the  former.  If  we  make  a  similar  comparison  for  the  primary 
planets,  using  Table  II,  we  see  that  the  radius  of  gyration  is 
only  about  the  one-hundredth  of  the  mean  distance  of  the  planet 
from  the  center  of  the  sun.  We  hence  conclude  from  this  that 
the  density  of  the  primitive  solar  spheroid  increased  much  more 
rapidly  toward  the  center,  than  the  primitive  Jovian  spheroid. 
In  other  words,  the  solar  spheroid  was  relatively  much  more 
dense  about  the  central  parts  than  Jupiter.  This  we  had  reason 
to  expect,  since,  according  to  the  hypothesis,  the  ring  from  which 
the  Jovian  system  was  formed  was  already  somewhat  condensed 
when  it  was  abandoned,  and  the  general  density  much  more 
nearly  uniform  than  that  of  the  solar  spheroid ;  and  hence  the 
E&iondavy  rings  were  much  denser  relatively  to  the  Jovian  sphe- 
roid than  was  the  ring  from  which  Jupiter  was  formed  relatively 
to  the  solar  spheroid.  This,  it  would  seem,  is  a  strong  proof  of 
the  truth  of  the  nebular  hypothesis.  The  mass  of  Jupiter  is 
6000  times  as  great  as  the  sum  of  the  masses  of  his  satellites ; 
so  that  neglecting  the  masses  of  the  satellites  in  comparison  with 
the  mass  of  Jupiter  we  neglected  only  the  small  fraction  ^aVuth. 
I  supposed  Jupiter  homogeneous  in  finding  his  principal  radius 
of  gyration. 
The  periods  of  rotation  of  Uranus  and  of  Neptune  being  un- 

^  Tliis  conclusion  difiera  from  the  basis  assumed  hj  Prof.  Hiorichs  in  his  artieU 
CD  the  Age  of  the  Planets,  this  Journ.,  [2],  xxxTii,  36-66. 
Alt  JouB.  Sci.— SxoonD  SKBisg,  VoL.  XXXIX,  No.  115.— Jan.,  1865. 
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known,  we  cannot  compute  the  radii  of  gyration  of  the  planets 
at  tbe  time  when  the  satellite  rings  were  abandoned^  as  we  have 
done  in  the  case  of  Jupiter.  And  if  Bessel's  mnss  of  tbe  rinra 
of  Saturn  (T+^th  of  that  of  Saturn)  be  admitted,  it  is  probable 
that  this,  and  the  sum  of  the  masses  of  the  satellites,  will  make 
a  fraction  too  great  to  be  neglected.  The  same  is  true  of  the 
earth  and  moon. 

49.  Let  us  now  collect  together  in  this  article  the  various 
facts  which  ought  to  be  found  to  exist  in  the  Solar  System,  ac- 
cording to  the  preceding  view  of  the  nebular  hypothesis. 

1st.  The  planets  should  all  move  in  the  same  direction  around 
the  sun.  2nd.  Some  comets  whose  distances  correspond  with 
those  of  the  planets  within  moderate  limits,  should  have  the  same 
direction  as  the  planets.  8d.  The  orbits  of  the  planets  should  not 
be  much  inclined  to  each  other.  4th.  All  the  planets,  except, 
perhaps,  a  few  of  the  outer  ones,  should  turn  on  their  axes  in  the 
same  direction  as  that  in  which  they  move  around  the  sun. 
6th.  The  satellites  should  revolve  around  their  primaries  in  the 
same  direction  in  which  the  latter  turn  on  their  axes.  6th.  The 
periods  of  revolution  and  rotation  of  the  satellites,  should,  in 
many  cases,  at  least,  be  equal.  7th.  The  sun  must  rotate  on  an 
axis  in  the  same  direction  as  that  in  which  the  planets  revolve 
around  him.  8th.  The  outer  planets  of  the  system  should  be 
larger  than  the  inner  ones.  9th.  The  outer  planets  should  have 
the  greater  number  of  satellites.  10th.  The  outer  planets  should 
rotate  on  their  axes  in  less  time  than  the  inner  ones.  11th. 
The  outer  planets  should  in  general  have  greater  masses  than 
the  inner  ones.  12th.  The  planets  should,  upon  the  whole,  in- 
crease in  density  as  they  are  found  nearer  the  sun.  13th.  The 
satellites  should  be  less  than  their  primary,  and  the  planets  less 
than  the  sun,  both  in  bulk  and  mass.  14th.  All  the  members 
of  the  Solar  system  should  be  composed  of  similar  materials. 

50.  We  have  thus,  in  the  preceding  pages,  attempted  to  give 
a  connected  view  of  the  neoular  hypothesis,  uncompared,  ex- 
cept in  a  few  cases,  with  the  real  phenomena  of  nature.  In 
what  follows,  we  shall  show  that  the  phenomena  of  the  sidereal 
heavens,  and  of  the  Solar  System,  agree  very  closely  with  the 
preceding  deductions. 

8.  A  Comparison  of  the  preceding  Theory  with  die  Phenomena  of 

Nature. 

51.  The  origin  of  material  existence  is  at  present  a  mystery 
to  the  human  mind.  To  say  that  it  was  created  by  the  Deity 
is  an  assertion  that  conveys  to  the  understanding  something  of 
which  we  have  no  definite  conception.  On  the  other  hand,  to 
say  that  it  has  always  existed  is  equally  unsatisfactory,  since  the 
human  mind  always  looks  toward  a  beginning  of  everything. 
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But  with  sucli  speculatioDS,  we  have  here  nothing  to  do.  The 
nebular  hypothesis  supposes  matter  and  all  physical  forces  to 
exist ;  and  we  have  only  to  carry  back  our  speculations  to  the 
most  ancient  and  chaotic  state  in  which  it  is  possible  for  us  to 
suppose  matter  to  exist.  I  have  supposed  matter  in  its  earlier 
chaotic  condition  to  have  been  necessarily  heterogeneous  in 
structure.  Others  have  different  views."  Even  if  it**  were  at 
first,  or  at  any  time,  perfectly  homogeneous,  but  not  of  symmet- 
rical form,  it  would  soon  become  heterogeneous,  because  various 
centers  of  attraction  would  be  established,  around  which  matter 
would  accumulate ;  and  thus  the  change  in  the  different  parts 
would  generate  a  rotatory  motion.  Thus,  under  almost  any  con- 
ceivable— certainly  probable — circumstances,  the  nebulous  mass 
must  be  considered  as  having  sufficient  potential  energy  to  give 
it  a  motion  of  rotation.  But  we  must  not  be  confined  to  these 
speculative  views.  **  Every  well-trained  philosophical  judgment 
is  accustomed  to  observe  illustrations  of  the  most  sublime  phe- 
nomena of  creation  in  the  most  minute  and  familiar  operations 
of  the  Creator's  laws,  one  of  the  most  characteristic  features  of 
which  consists  in  the  absolute  and  wonderful  integrity  maintained 
in  their  action  whatsoever  be  the  range  as  to  magnitude  or  dis- 
tance of  the  objects  on  which  they  operate.  For  instance,  the 
minute  particles  of  dew  which  whiten  the  grass  blade  in  early 
mom,  are,  in  all  probability,  moulded  into  spheres  by  the  iden- 
tical law  which  gives  to  the  mighty  sun  its  globular  Ibrm."** 
"It  is  remarkable  of  physical  laws  that  we  see  them  operating 
on  every  kind  of  scale  as  to  magnitude,  with  the  same  regular- 
ity and  perseverance Two  eddies  in  a  stream 

fall  into  a  mutual  revolution  at  the  distance  of  a  couple  of  inches, 
through  the  same  cause  that  makes  a  pair  of  suns  link  in  mutual 

**  *'  I  regard  tlie  gaseous  as  not  the  vltimate  form  of  matter,  but  that  in  its  uUi- 
mate  state  it  was  absolutely  impoodcrable  and  perfectly  elastic,  and  tlierefore  it 
completely  filled,  absolatclj,  infinite  space,  and  that  the  myriads  of  Solar  vortices 
were  developed  out  of  this  perfectly  homogeneous  impooderable  fluid  in  a  manner 
as  definite  and  orderly  as  that  which  regviaU*  f/u  production  of  a  plant  or  an  ani- 
mal  on  the  earth." — l)r.  Joel  E,  Hendrickt. 

**  Some  writers  seem  to  doubt  the  existence  of  nebulous  matter,  because  the  tel- 
escope continues  to  retiolve  the  uebulie.  But  comets  are  evidently  in  a  nebulous 
state,  and  the  existence  of  these  shows  us  that  matter  may  assume  the  nebulous 
condition.  It  is  a  faict  that  the  evidence  derived  from  observation,  that  nebulous 
matter,  in  large  quantities,  exists,  is  by  no  means  conclusive.  In  fact,  the  truth  of 
the  nebular  hypothesis  cannot  d«*pend  on  our  knowledge  of  the  existence  of  nebu* 
luus  matter  in  inr^  quantities.  It  is  sufficient  to  show  that  matter  in  such  a  state 
can  and  does  exist  in  any  quantity,  and  after  that  we  must  look  to  the  general  and 
particular  phenomena  of  nature.  It  is  scarcely  probable  that  we  shall  ever  learn, 
at  least  for  a^es  to  come,  directly  from  ob«»ervation,  that  large  quantities  of  matter 
exist  in  a  nebulous  condition.  But  the  general  appearance  of  starry  clusters,  may 
indicate  the  origin  whence  they  were  derived.  The  appearance  and  arrangement  of 
the  planetary  system  are  more  conclusive  in  reference  to  the  origin  whence  that 
system  was  derived. 

*  Mr.  Nasmytb.    See  Annual  of  Scientific  Discovery  for  1857,  p.  187. 


Digitized  by  VjOOQ IC 


96  D.  Trowbridge  on  the  Nebular  HypotJietis. 

revolution  at  tlie  distance  of  millions  of  miles.  There  is,  we 
might  say,  a  sublime  simplicity  in  this  indiflference  of  the  grand 
regulations  to  the  vastness  or  the  minuteness  of  the  field  of  their 
operations.""  We  thus  may  learn  from  the  minuter  operations 
of  nature  of  those  grand  revolutions  which  we  have  reason  to 
conclude  have  taken  place  in  past  ages  of  duration.  Binary, 
ternary,  and  multiple  stars,  in  some,  perhaps  many,  cases,  may 
be  the  resulting  motion  of  two  or  more  stars — I  should  more 
properly  say  primitive  stellar  spheroids,  coming  so  near  together 
that  their  atmospheres  came  in  contact  and  thus  gave  them  a 
motion  around  their  common  center  of  gravity." 

52.  All  apparent  motion  in  the  region  of  the  so-called  fixed 
stars,  is  very  slow ;  so  slow,  indeed,  that  in  most  instances  it  re- 
quires several  years  to  elapse  before  any  motion  becomes  appar- 
ent Certainly,  in  most  cases  the  nebulae  are  situated  far  beyond 
the  region  of  the  visible  stars.  How  much  slower,  then,  than 
the  stars,  must  the  nebulas  appear  to  change  their  relative  parts 
or  positions  in  the  heavens!  We  must,  therefore,  expect  little 
from  the  motion  of  nebulro  or  even  clusters,  in  confirmation  of 
the  nebular  hypothesis.  We  must  look  to  the  general  con- 
formation of  nebulae  and  of  clusters.  Lord  Eosse  has  within 
a  comparatively  few  years,  by  means  of  his  great  reflectors, 
shown  that  many  of  the  nebulae  are  of  the  spiral  form.  They 
appear  as  if  they  possess  a  rotatory  motion  on  an  axis,  and  this 
motion  has  so  far  increased  as  to  project  some  parts  of  the  nebu- 
lae tangentially,  and  thus  to  break:  up  the  spheroidal  form,  caus- 
ing parts  of  the  nebulae  to  fly  off  in  one  or  more  streams.  The 
general  principles  which  would  lead  to  such  a  result,  we  have 
attempted  to  give  from  Arts.  8  to  12  inclusive.  Mr.  Nasmyth 
has  also  given*®  an  exposition  of  the  principles,  though  he  has 
not  based  his  explanations  on  mathematical  ibrmulae  and  deduc- 
tions as  I  have  attempted  to  do.  Many  nebulae  present  that  ap- 
pearance which  we  suppose  our  Solar  System  to  have  presented 
oefore  the  first  planetary  ring  was  abandoned,  viz :  a  projected 
circular  or  elliptic  appearance,  not  very  bright  in  the  outer  por- 
tions, but  increasing  in  luminosity  with  considerable  rapidity 
near  the  center. 

53.  Some  observations  and  deductions  of  a  Ye^ry  interesting 
character,  have  recently  been  made.  Many  years  ago,  Sir  Wil- 
liam Herschel  concluded,  from  a  comparison  of  a  figure  of  the 
nebula  in  Orion,  made  by  Uuygens  many  years  before,  with  a 
figure  of  his  own  drawing,  that  some  parts  of  the  great  nebula 
— (cluster,  perhaps  we  should  now  say,  since  it  has  been  par- 

*•  Vestiges  of  Creation.    Hnrper's  Ed.,  p.  17. 

*^  I  nm  unable  to  ascertain  in  what  direction,  if  any  definite  one,  double  stars  re- 
volve  around  their  common  center  of  gravitj.  Who  will  give  the  required  infor- 
mation t     It  is  worthy  of  attention. 

*•  Arm.  of  Scl  Disc  for  18fi2,  pp.  187-8. 
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tinlly  Tesolve<l  since  Herschers  day) — have  changed.  It  is  very 
probable  that  no  such  change  has  taken  place ;  but  that  the  sup- 
posed variation  came  from  a  defect  in  Huygen's  representation, 
and  from  adiftei^ence  in  the  telescopes  employed.  13ut  it  seems 
now  quite  certain  that  some  nebulfie  have  changed.  The  nebula 
around  £(a  Argus^  seems  to  be  one  of  that  character.*'  Also 
several  others  have  been  discovered  in  which  some  change  seems 
to  have  taken  place.  Accurate  micrometrical  measurements 
ami  photographic  representations  only  can  here  serve  for  the 
basis  of  positive  knowledge  in  this  interesting  department  of  as- 
tronomy. It  would  seem  that  such  patches  of  nebula?,  if,  indeed, 
tliey  are  nebulae,  proper,  cannot  be  very  extensive,  since  they 
must  be  comparatively  near  our  system.  We  must  now  leave 
this  interesting  part  of  our  subject,  since  this,  alone,  could  never, 
so  far  as  we  can  see,  furnish  us  the  necessary  data  to  enable  us 
to  say  whether  the  God  of  Nature  followed  one  or  another 
method  in  the  process  of  world-making.  We  must  descend  to 
the  general  and  some  of  the  particular  phenomena  of  the  Solar 
System,  to  enable  us  to  draw  a  definite  conclusion  on  this 
subject. 

64.  We  know  from  observation  that  all  the  primary  planets 
revolve  around  the  sun  in  the  same  direction,  and  in  nearly  the 
same  plane.  The  sun  rotates  on  an  axis  in  the  same  direction  in 
which  the  planets  revolve  around  him,  from  west  to  east.  The 
period  of  the  sun's  rotation  is  about  2&J^  days,  which  is  about 
/yths  of  the  periodic  time  of  Mercury.  According  to  our  theory, 
no  planet  will  ever  be  discovered  so  near  the  sun  that  its  period 
of  revolution  will  be  less  than  the  period  of  the  sun,  viz:  25^ 
days,  if  this  number  be  accurately  determined.  This  is  contrary 
to  the  supposed  discovery  of  Mr.  Lescarbault. 

The  inclination  of  the  orbit  of  Neptune,  as  we  have  shown, 
corresponds  very  approximately  witn  that  of  the  invariable 
plane  of  the  Solar  System,  as  our  theory  requires.  We  also 
nnd  that  the  distance  between  the  planetary  orbits  increases 
with  the  distance  from  the  sun.    The  following  table  will  show 


Table  V 

Planet. 

Mean  ditt 

DUt  to  next 
Ex.  Orbiu 

DUm.  of  uphore 
of  attra'-iion. 

Mercary,. 

0-8870981 
0-7238306 
10(K)0000 
1-6236923 
8-068676 
6-202776 
9-688786 
19-18239 
8003960 

0-886285 

0-2766684 

0-6236923 

•  1-544983 
2-134101 
4-386010 
9643604 

10-867110 

0-200979 
0-383890 
0-621848 
0-779687 
0-968693 
4-876661 
8-618608 
7-487871 

Venus, 

Eiirtli, 

Mare, 

Ast.  Planet, 

Jupiter 

Saturn, 

UniDUS, 

Neptune, 

TLis  Journal,  [2],  xzzvij,  ^4-6. 
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the  difference  between  the  mean  distances  of  the  planets,  in 
terms  of  the  mean  distance  between  the  earth  and  sun  ;  and  also 
the  breadth  of  the  primitive  rings,  according  to  Kirkwood's 
Analogy.**  We  have  at  present  no  method  probably  more  ac- 
curate than  Kirkwood*s  to  determine  the  breadth  of  the  primi- 
tive rinffs. 

We  thus  see  that,  generally  speaking,  there  is  an  increase  of 
distance  between  the  orbits  of  the  planets,  and  also  in  the 
breadth  of  the  rings  abandoned  by  the  sun ;  and  yet  it  is  not 
absolutely  the  case  in  every  instance;  nor  is  the  increase  accord- 
ing to  any  simple  law,  as  we  had  occasion  to  point  out  from 
what  was  assumed  to  be  the  probable  condition  of  the  primitive 
solar  spheroid. 

55.  If  we  compare  the  masses  and  the  densities  of  the  plan- 
ets, we  shall  see  here,  also,  a  general  increase  in  the  masses,  and 
a  decrease  in  the  densities,  as  we  get  farther  from  the  sun,  as  can 
be  seen  in  the  following  table : 


Table  Vl 

[. 

Plmnet 

Magnitade. 

00595 
09960 
lOUOO 
01864 

14910000 

7720000 

86-6000 

766000 

BlEM.           !        D«ntit7. 

Mercaiy, , 

00729       1         1-225 
0*9101       i         0*908 
10000       t         1000 
01824                 0972 

Venus, 

Eiirlh, 

Mars, 

Ast.  Planet, 

0  2869  *» 

888*7180 

101*8640 

142610 

189000 

0-227 
0*181 
0*167 
0-821 

Jupiter, 

Saturn, 

Uranus, 

NeptunCi 

We  see  from  this  table  what  was  concluded  from  theory  to  be 
very  probable,  viz:  that  in  general  the  volumes  and  masses  in- 
crease from  the  sun  to  a  maximum — which  is  reached  in  Jupiter 
— and  then  decrease  to  the  extremity  of  the  system.  The  fact 
that  there  is  no  simple  law  perceptible  which  regulates  the  in- 
crease and  decrease  of  the  numbers  in  the  two  preceding  tables, 
shows  that  the  condition  of  the  primitive  solar  spheroid  was  far 
from  being  symmetrical.  The  fact  that  the  earth  is  more  dense 
than  Venus  may  be  thus  explained.  The  difference  in  the  con- 
dition of  the  Earth-ring  and  the  Venus-ring  could  not  have  been 
very  considerable.  But  the  former,  after  it  united  into  a  single 
ispheroid,  threw  off  a  satellite-ring,  taking  off  the  rarer  part  and 
leaving  the  denser,  so  that  the  ultimate  mean  density  of  the 
earth  became  a  little  greater  than  that  of  Venus.  There  seems 
to  be  some  peculiarity  about  Saturn  in  respect  to  density  that 
cannot  be  easily  accounted  for. 

••  This  Journal,  [2],  xi?,  218. 

**  According  to  kirkwood's  Analogy,  this  Journal,  [2],  aciv,  218. 


Digitized  by  VjOOQ IC 


JD.  Trowbridge  on  the  Nebular  Hypothesis.  80 

56.  In  examining  the  secondary  planets,  we  see  a  general  in* 
crease  in  number  to  each  primary  planet,  as  we  go  from  the  san 
to  the  extremity  of  the  system.  The  Earth  has  1,  Jupiter  4, 
Saturn  8,  Uranus  6  and  perhaps  8,  Neptune  2  that  have  probably 
been  seen.  We  cannot  tell  with  certainty  the  number  of  satel- 
lites belonging  to  each  of  the  last  two  planets,  owing  to  the  dif- 
ficulty of  observing  such  bodies  at  so  remote  distances.  The 
satellites  of  Jupiter  are  distributed  in  the  Jovian  system  very 
similarly  to  the  primary  planets  in  the  Solar  System.  We  find 
the  masses  to  increase  as  the  distance  from  the  center  of  Jupiter 
increases,  till  we  arrive  at  the  third  satellite,  where  wo  reach  the 
maximum.  The  fourth  satellite  is  the  second  in  mass.  The 
third  satellite  is  also  the  largest,  and  the  fourth  the  next  in  size, 
but  the  second,  although  it  is  of  greater  mass,  yet  is  of  smaller 
size  than  the  first  The  satellites  of  Saturn  follow  a  similar 
general  law.  Titan,  the  6th  in  the  order  of  distance  from  the 
primary,  is  the  largest,  and  Japeius,  the  most  distant  of  them  all, 
IS  next  in  size.  Of  the  others  we  cannot  so  well  judge,  but  it 
seems  not  improbable  that  they  decrease  in  size  as  they  are 
nearer  the  primary.  We  know  still  less  of  the  satellites  of 
Uranus,  but  the  second  and  fourth,  so-called,  are  very  probably 
the  largest.  But  within  the  second,  (in  the  order  of  distance 
according  to  Sir  William  HerschePs  discoveries),  two,  and  possi- 
bly three,  exist  We  thus  see  it  to  be  a  general  principle  of  the 
planetary  system  that  the  largest  bodies  are  within  some,  and 
without  some  of  the  orbits  of  the  others.  We  also  observe  this 
fact  in  reference  to  some  of  the  secondary  planets,  viz :  if  we 
divide  the  distance  of  the  remotest  satellite  of  any  primary, 
from  the  center  of  the  planet,  by  the  diameter  of  the  sphere  of 
attraction  (which  we  shall  consicler  to  be  the  same  as  the  breadth 
of  the  ring,  or  the  diameter  of  the  primitive  planet,)  we  shall 
find  that,  in  general,  the  quotient  decreases  from  the  earth  to 
Uranus.  We  may  therefore  conclude  that  the  outer  planets  had 
to  condense  much  more  than  the  inner  ones  before  a  satellite- 
ring  was  abandoned.  It  is  a  fact,  also,  that,  so  far  as  observation 
has  determined,  the  satellites  rotate  on  their  axes  in  the  same 
direction  and  in  the  same  time  in  which  they  revolve  around 
their  respective  primaries.  All  these  motions  are  in  the  direc- 
tion of  tne  rotation  of  the  primaries. 

57.  The  rings  of  Saturn  offer  a  living  example  of  the  primi- 
tive secondary  rings.  They  open  to  us,  in  a  measure,  the  nature 
and  constitution  of  the  primitive  rings,  both  the  primary  and 
secondary.  These  rings  have  been  retained  as  such,  according 
to  Prof.  Peirce,  by  the  attraction  of  the  satellites.  Should  these 
rings  entirely  break  up,  thev  would  probably  form  asteroid  sat- 
ellites. Since  the  rings  of  Saturn  are  very  thin  in  comparison 
with  their  width,  we  conclude  that  the  primitive  planet  was  very 
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much  flattened  about  the  poles.  If  the  rings  of  Saturn  are  fluid, 
they  exist  as  such  in  consequence  of  the  friction  of  their 
particles. 

58.  It  is  an  interesting  fact,  and  one  confir/natory  of  our  the- 
ory, that  the  rings  of  Saturn  have  a  longer  period  of  rotation 
than  the  planet  itself,  as  required  by  the  nebular  hypothesis. 
According  to  the  observations  of  Sir  William  Herschel,  the 
rings  of  Saturn  revolve  around  the  planet  in  the  space  of  10^ 
82in  158."  The  period  of  rotation  of  Saturn  is  10»>  29">  IT'." 
We  thus  see  that  the  rings  require  2™  58*  longer  time  to  revolve 
about  Saturn,  than  the  latter  does  to  turn  on  his  axis.  Uere 
again  we  appear  to  have  obtained  conclusive  evidence  in  favor 
of  the  nebular  hypothesis.  Had  the  period  of  Saturn's  rotation 
been  greater  than  that  of  the  rings,  it  would  have  been  very 
difficult  to  reconcile  it  with  the  nebular  hypothesis. 

69.  The  rings  of  Saturn  are  either  fluid  or  composed  of  un- 
connected particles.  According  to  Maxwell,  even  a  fluid  ring 
would  be  broken  up  into  small  satellites ;  but  it  does  not  follow 
that  these  satellites  may  not  still  be  fluid  and  unite  again  into  a 
ring — or  perhaps  several  nearly  concentric  rings — after  having 
been  separate  a  sufficient  length  of  time  to  restore  the  equilib- 
rium by  counteracting  the  disturbances  to  which  the  rings  are 
subject.  We  are  thus  reduced  to  the  very  probable  conclusion 
that  the  rings  of  Saturn  are  fluid  (liquid).  We  are  thus  carried 
back  one  great  step  toward  the  gaseous  condition  from  which 
we  have  supposed  all  the  planets  and  their  satellites  to  have  been 
developed. 

60.  Observation  shows  that  the  satellites  of  Uranus  revolve  in 
0  retrograde  order.  But  we  do  not  know  in  what  direction,  nor 
in  what  time,  the  planet  rotates.  If  it  should  finally  prove  to 
be  the  case  that  the  satellites  of  Uranus  are  in  the  plane  of  the 
planet's  equator,  and  revolve  in  a  direction  opposite  to  that  of 
the  rotation  of  the  planet,  it  will  be  very  difficult,  if  not  impos- 
sible, to  reconcile  the  two  motions  with  the  nebular  hypoth- 
esis. But  should  the  axis  of  the  planet  be  found  to  have  an  in- 
clination to  the  plane  of  the  orbits  of  the  satellites  differing  con- 
siderably from  a  right-angle,  the  difficulty  will  not  be  insuper- 
able.** But  since  the  nebular  hypothesis  accounts  so  satisfac- 
torily for  so  many  of  the  phenomena  of  the  solar  system,  we 
may  venture  to  predict  that  the  rotation  of  the  planet  will  be 
found  to  be  retrograde,  or  closely  approaching  that  direction,  if 
we  may  so  express  ourselves.     But  our  theory,  as  we  have 

••  Grants  HUt  of  Phy«.  Af«tr.,  p.  262. 

»*  HerMcheVa  Outlines,  Art  614. 

^  By  ^ving  ad  artificial  globe  a  motion  of  rotation  on  it8axi»,  and  (hen  reversing 
tlie  poles,  we  can  easilr  see  how  readily  the  directi(»n  of  rotation  is  changed  to  the 
opposite  direction.    The  same  primitive  impetus  carries  it  in  the  opposite  direction. 
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shown,  requires  that  the  oater  planets  rotate  in  a  retrograde  di* 
reotion.  Kirkwood's  Analogy  seems  to  require  that  Uranus 
should  oc5cupy  about  37  hours  in  performing  one  rotation.  Is  it 
{)ossible  that  a  retrograde  motion  will  influence  the  time  of  rota- 
tion of  the  planet  ?  It  would  seem  that  some  of  the  great  tel- 
escopes, either  in  this  country  or  in  Europe,  ought  to  be  able  to 
settle  the  question  of  the  rotation  of  Uranus.  I  have  not  at- 
tempted to  account  for  the  great  difference  between  the  greatest 
and  least  diameters  of  Mara  A  mere  supposition  could  be  of 
no  advantage. 

61.  The  following  table  gives  the  time  of  rotation  of  the  sev- 
eral planets  so  far  as  known : 

Tabls  vn. 


ruoet. 

TirooofrDUUcn. 

Diam.  of  fpbno 
of  attractioe. 

h.      m.       •.* 
24       6     28 
28     21     21 
28     66      4 
24    87    22 
9     66     26 
10     29     17 

0-200979 
0-388800 
0-621848 
0-779687 
4-876661 
8-618608 

Venus, 

Earth, 

Mars. 

Jupiter, 

Saturn, 

Bj  the  above  table  we  see  that,  roughly  speaking,  the  time  of 
rotation  diminishes  as  the  sphere  of  attraction  increases.  The 
original  impulse  of  rotation  communicated  to  a  planet,  by  the 
ring  from  which  it  was  formed,  at  the  time  of  its  breaking-up, 
would  be  dependent  on  the  difference  between  the  velocity  of 
those  parts  of  the  ring  lying  upon  the  opposite  sides  of  the  orbit 
of  the  future  planet ;  or,  in  other  words,  upon  the  difference  of 
the  living  force  of  each  part.  This  difference  would  not  depend 
on  the  absolute  velocity  of  either  part,  but  rather  upon  the  rela- 
tive distance  of  the  two  parts  from  the  sun.  We  hence  see  that 
since  the  outer  primitive  rings  were  wider  than  the  inner  ones, 
we  should  expect  a  more  rapid  rotatory  motion  in  the  outer 
planets.**  Since  Saturn  has  the  greatest  sphere  of  attraction  we 
should  at  first  expect  that  planet  to  have  the  shortest  period  of 
rotation.  But  such  is  not  necessarily  the  case.  If  this  whole 
planetary  ring  had  condensed  into  a  single  body,  such  might  and 
probably  would  have  been  the  case.  But  every  time  a  planet 
abandoned  a  ring  to  form  a  satellite,  it,  in  effect,  lengthened  the 
period  of  rotation  of  the  future  planetary  spheroid.  Jupiter 
abandoned  only  four  rings  of  which  we  have  any  knowledge, 
and  the  united  mass  of  them  forms  only  the  ttVt^I^  of  ^be  mass 
of  Jupiter ;  while  Saturn  abandoned  no  fewer  than  eleven  rings, 
three  of  which  still  remain.    According  to  Bessel,  the  mass  of 

**  Since  the  outer  rings  were  less  dense  than  the  inner  ones,  the  planets  would 
hftTe  farther  to  contract  than  the  inner  ones,  and  this  also  would  increase  the  rota- 
toiy  Telocity. 

▲x.  Jour.  Soi.— Sxcoitd  Ssbibs,  Vol.  XXXIX,  No.  115.— Jan.,  1M6. 
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tbe  remaining  rings  alone  equals  the  ttt^^  ^^  ^^^  ™<^^  ^^  Sat* 
nrn.  Even  now  the  period  of  Saturn^s  rotation  exceeds  that  of 
Jupiter  by  only  3™  51«. 

62.  Humboldt  has  called  attention**  to  the  fact  that  the  group 
of  Asteroids  divides  the  planets  into  two  classes,  those  within 
and  those  without  the  zone  of  small  planets,  each  class  being 
marked  by  certain  distinctive  features.  The  outer  group, 
"Neptune,  Uranus,  Saturn  and  Jupiter,  are  distinguished  by 
considerable  volume  and  slight  density ;  the  time  of  rotation 
about  their  axes  is  about  ten  hours,  and  from  this  there  results 
in  these  bodies  considerable  flattening ;  moreover,  of  the  22  sat- 
ellites of  the  solar  system,  21  pertain  to  this  group.  The  four 
inferior  planets,  Mars,  the  Earth,  Venus  and  Mercury,  have,  on 
tlie  contrary,  much  smaller  volumes  and  much  greater  density ; 
they  revolve  on  themselves  in  nearly  twenty-four  hours,  are  but 
little  flattened,  and  possess,  among  all  the  four,  but  one  satellite, 
the  Moon."  Let  us  now  see  what  account  we  can  give  of  these 
peculiarities.  We  have  already  shown  that  according  to  Prof. 
Peirce's  deductions  a  planetary-ring  might  exist  for  a  great 
length  of  time  just  within  the  orbit  of  Jupiter;  the  same  influ- 
ence that  would  sustain  a  ring  where  the  asteroids  now  exist, 
would  tend  to  sustain  one  where  Mars  now  revolves ;  and  the 
same  influence  would  extend  to  the  orbits  of  the  Earth  and  of 
Venus ;  and  each  of  these  latter  bodies  would  lend  their  influ- 
ence, and  would  thus  influence  the  Mercurial-ring.  These  in- 
terior rings  (as  we  will  call  them,  being  interior  to  the  Aster- 
oids,) being  thus  sustained  for  a  great  length  of  time,  would 
loose  much  of  their  heat,  and  thus  become  condensed  consider- 
ably perhaps,  as  have  the  rings  of  Saturn.  When  such  rings 
broKC  up  and  assumed  the  spheroidal  form,  they  would  be  much 
less  likely  to  abandon  satellite  rings,  than  those  planets  whose 
rarity  was  greater.  We  have  already  shown  tnat  the  mean 
density  of  those  planets  nearer  the  sun  should  be  found  to  be 
greater  than  that  of  the  outer  planets ;  we  now  refer  to  the  in- 
fluence above  mentioned  to  account  for  the  sudden  increase  of 
mean  density  within  the  orbit  of  Jupiter;  for  evidently  the 
mean  density  of  a  planet  formed  from  a  ring  considerably  con- 
densed, would  be  greater  than  one  formed  from  a  ring  less  so ; 
tor  a  crust  would  form  around  one  approximately  as  soon  as 
around  the  other.  The  period  of  rotation  of  such  planets  would 
be  greater  than  that  of  others,  since  they  would  not  have  so  far 
to  contract  The  times  of  rotation  would  be  approximately 
equal,  since  they  would  contract  nearly  equally. 

63.  The  existence  of  80  known  Asteroids  between  the  orbits 
of  Mars  and  Jupiter,  seems  to  confirm  the  view  which  we  have 
given  of  their  formation,  in  a  preceding  part  of  this  paper.  If 
we  divide  860**  by  80,  we  find  an  average  of  one  Asteroid  for 

*•  Coamos,  iv,  42!J,  Bohn'i  ed. 
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every  4J®,  making  approximately  a  ring  of  these  small  bodies. 
Bat  we  cannot  for  a  moment  entertain  the  idea  that  nearly  all 
these  bodies  have  been  discovered.  They  are  very  small  and 
necessarily  difficult  to  detect ;  and  judging  from  what  we  already 
know  of  the  size  of  these  small  bodies,  we  roust  conclude  that 
many  more  exist,  much  the  larger  share  of  which  are  too  small 
to  be  detected  by  our  best  telescopes.  The  most  rational  theory 
of  meteoric  stones,  is  that  which  regards  them  as  minute  aster* 
oids.  The  whole  group,  many  thousands  very  probably,  per- 
haps millions — between  the  orbits  of  Mars  and  Jupiter,  must 
have  very  eccentric  orbits,  and  be  subject  to  extraorainary  per- 
turbations in  their  motions,  and  it  is  highly  probable  that  many 
of  them  become  satellites  of  some  of  the  planets,  and  finally 
come  in  contact  with  their  sur&ces  as  meteoric  stones.  It  is 
certainly  a  little  curious  that  the  orbits  of  the  known  Asteroids 
intersect  The  mean  width  of  the  whole  zone  so  far  as  known, 
lies  between  the  limits  2'145  (Feronia)  and  8452  (Maxamiliana) 
giving  a  breath  of  1*807,  which  is  rather  greater  than  the  diara* 
eter  of  the  sphere  of  attraction  of  Kirk  wood's  Asteroid -planet 

At  present  we  shall  add  nothing  respecting  comets,  as  Prof. 
Kirkwood  has  called  attention,  in  several  places,  to  the  orbits  of 
these  bodies. 

Hector,  N.  T^  Not.  11, 1864. 


Abt.  V. — On  Brushiie,  a  new  mineral  occurring  in  Phosphatic 
Guano;  by  Gideon  E.  Moore,  Ph.B. 

((Communicated  to  the  CaliforDU  Academy  of  Sciences,  Sept  5tb,  1864.) 

In  the  spring  of  the  present  year,  I  received,  through  the  kind* 
seas  of  Wm.  E.  Brown,  Esq.,  of  Mare  Island  in  this  State,  a 
specimen  of  a  mineral  discovered  by  him  in  a  cargo  of  phos- 
phatic guano  at  Camden,  N.  J.  The  locality  from  which  it  was 
derived  is  not  known,*  and,  though  letters  of  inquiry  have  been 
sent  to  the  parties  to  whom  the  cargo  was  originally  consigned, 
no  reply  has  been  received  up  to  this  date.  The  texture  and 
appearance  of  the  guano  would,  however,  point  to  some  one  of 
the  Carribean  islands,  and  more  particularly  to  the  isjand  of 
Sombrero  as  its  probable  source.  It  is  very  probable  that  the 
mineral  may  be  recognized  among  the  crystallised  products  oc- 
curring in  other  guano  deposits. 

In  the  specimen  in  my  possession,  the  mineral  occurs  filling 
seams  in  the  guano,  varving  from  ^  to  ^  of  an  inch  in  width. 
The  matrix  itself  is  of  the  variety  known  as  rock  guano.    It 

'  In  a  letter  from  Mr.  Moore,  dated  San  Francisco,  Not.  18Ui,  1864,  he  statea 
ibat  be  has  ascertained  the  locality  of  the  new  mineral  to  be  Avis  Island  in  the 
Carribean  Sea.— Ese. 
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possesses  an  oolitic  structure  and  a  brownish  white  color,  inter- 
spersed with  small  spots  of  pure  white. 

The  mineral  is  in  the  form  of  small  but  very  perfect  and  bril- 
liant crystals,  with  a  cleavage  in  the  direction  of  their  greatest 
length  nearly  equal  to  that  of  selenite,  the  laminse  being  also 
slightly  flexible,  as  in  the  case  of  the  latter  species.  Hardness, 
2*25.  Specific  gravity,  2-208  (mean  of  two  determinations). 
Color  yellowish  white.  Transparent.  Lustre  vitreous,  splendent, 
inclining  to  pearly  on  the  cleavage  faces. 

When  heated  in  a  closed  tube  before  the  blowpipe,  it  whitens 
and  gives  off  water  at  an  incipient  red  heat.  In  the  platinum 
forceps,  it  fuses  with  intumescence  at  about  2  on  von  Kobell's 
Bcale,  tinging  the  flame  with  the  peculiar  green  characteristic  of 
phosphoric  acid.  The  button  formed  by  fusion  crystallizes  on 
cooling,  showing  numerous  brilliant  facets.  It  readily  dissolves, 
«ven  in<5oarse  crystals,  in  dilute  nitric  and  chlorhydric  acids. 

A  qualitative  analysis  revealed  the  presence  of  lime,  phospho- 
ric acid  and  water,  with  barely  discernible  traces  of  magnesia 
and  alumina. 

The  quantity  of  mineral  at  my  disposal  was  very  small, 
scarcely  exceeding  one  gram  in  weight.  In  each  of  the  two 
followmg  analyses,  the  water  was  determined  in  0*2  gram,  the 
remaining  0*8  gram  being  employed  in  the  determination  of  the 
lime  and  phosphoric  acid.    Tne  result  was  as  follows : 

1.  2. 

Lime,  ....        S2'65  82*78 

Pbotphoric  acid«  -        -        41-60  41*82 

WaUr,        ....        26*88  26*40 

100-48  100-46 

These  figures  agree  -exactly  with  the  composition  of  the  neu- 
tral tri-basic  phosphate  of  lime,  2CaO,  HO,  PO,,  with  the  addi- 
tion of  four  equivalents  of  water  of  crystallization  (2CaO,  HO, 
PO, -H4aq),  viz: 

2CaO,  .        -        .  -  56-26  =            82-69 

PO5,  ...  -  7186  4184 

HO    -  -        -        -  -  9-00 

4aq,  -       ^        .  .  86-00  26-07 

172-62  10000 

Jo  the  polarizing  macrosoope,  the  mineral  shows  a  vivid  suc- 
cession or  colors.  A  sample  has  been  sent  to  Prof.  J.  D.  Dana, 
who  has  kindly  undertaken  the  study  of  its  crystallographio 
characters,  and  I  hope  in  a  short  time  to  be  able  to  communicate 
the  results  of  his  investigations  to  the  Academy. 

It  is  with  great  pleasure  that  I  dedicate  this  species  to  Prof. 
G.  J.  Brush,  of  Yale  College,  to  Whose  unwearied  zeal  and  effi- 
<5ient  labors  American  Mineralogy  stands  so  deeply  indebted. 

Sad  EniDdsco,  Ca].,  Sept,  1864. 
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Art.  YL — On  the  OrystaUixation  ofBrushite;  by  James  D.  Dana. 

(Oommanioted  to  the  GalifoniU  Academj  of  Sdenoes.) 

The  crystals  of  the  new  mineral  Brushite  which  I  have  had 
under  examination  were  received  from  Mr.  G.  E.  Moore,  to  whose 
chemical  investigation  science  owes  the  first  determination  of 
the  species. 

The  crystals  are  slender  prisms,  not  over  a  third 
of  an  inch  in  length.  A  common  form  (containing 
all  the  occurring  planes)  is  shown  in  the  annexed 
figure.  The  prisms  are  monoclinic,  and  are  often 
flattened  parallel  to  the  clinodiagonal,  as  here  repre- 
sented. 

Cleavage  is  perfect  parallel  to  the  clinodiagonal 
fiection,  or  the  plane  li;  also  distinct,  parallel  to  the 
lines  c4  as  apparent  often  in  the  cross  fractures  of 
crystals,  and  by  occasional  striae.  This  plane  of 
cleavage  may  be  called  the  basal,  or  0. 

The  planes  /  and  1  are  brilliant,  especially  the 
former.  The  obliaue  plane,  situated  on  the  back  side  in  the 
figure,  which  may  oe  called  r,  is  quite  rough,  owing  to  an  oscil- 
latory combination  of  two  hemi-octahedral  planes.  In  many  of 
the  crystals,  only  the  right  one  of  the  two  planes  /  is  present, 
and  also  only  the  left  one  of  the  two  planes  1.  The  prisms  fre- 
quently terminate  above  in  an  irregular  edge  made  by  the  meet- 
ing of  the  one  or  two  planes  /  and  the  rough  plane  r,  and  this 
edge  is  sometimes  cut  off,  more  or  less  deeply,  by  a  single  ob- 
iique  plane,  which  is  one  of  the  planes  1. 

According  to  measurements  with  the  reflective  goniometer — 

/  :  /=  142*»  26'  1  :  It  =  101^  40' 

/  :  n  z=  108   47  1  :  1  =  156   20   (approximately.) 

The  inclination  of  1  on  1  could  not  be  accurately  measured 
on  account  of  the  minuteness  of  the  planes  in  the  crystals  in 
which  both  planes  occur,  and  the  want  of  perfection  in  the  re- 
flection. The  angle  obtained  for  1\%\  would  give  for  1:1 
166**  40'. 

By  measurement  with  a  goniometer  attached  to  a  compound 
microscope,  the  plane  angle  oetween  the  lines  of  cross  cleavage, 
or  cly  ana  the  cage  7:  1  (which  equals  the  inclination  of  0  on 
the  orthodiagonal  section  or  the  plane  it)  was  found  to  be  117°- 
117 J** ;  and  that  between  edge  /:  1  and  edge  1 : 1  (which  equals 
tt  on  li,  both  unobserved  planes),  95°  to  95^°;  whence,  0:  It 
would  equal,  approximately,  147°  30'.  The  inclination  of  the 
rough  plane  r  on  the  ed^e  1 : 1  is  about  110°,  but  varies  much. 

^e  results  of  calculation,  taking  as  data  the  above-mentioned 
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angles  I:  I  and  1 :  ti,  along  with  the  inclination  of  0  to  u  = 
117°  15',  and  that  of  the  edge  1 : 1  (or  1%)  to  n  =  96°  16',  are 
as  follows : 

C7  (=0 :  tt)  =z  117^  16'  and  62*  46' 

a  (Tertical  axis)  :  b  (cHnodiagonal) :  e  =z  0*5306  : 1 :  2*614 

1 : 1  =  166°  46'  -1 :  -1  (unobserved  planes)  =  164*  22' 

The  species  is  related  in  form  to  Yivianite,  in  which 
a:b:cz=:  1-002  :  1  : 1-8843 ; 
for,  if  we  double  the  a  of  Bnishite,  and  halve  the  c,  we  have  for 
the  ratio  of  its  axes — 

2a:b:ic  =  1-0792  : 1  : 1-307. 

The  two  species  are  also  alike  in  the  perfect  and  pearly  clino- 
diagonal  cleavage. 


Abt.  Vli. — Introduction  to  the  Mathematical  Principles  of  the  Nebu- 
lar Theory,  or  Planetology  ;  by  GusTAVUS  HiNRiCHS,  Professor 
of  Physics  and  Chemistry,  iowa  State  University. 

Thb  nAular  hypothesis — the  boldest  thought  that  ever  elevated 
the  human  mind,  by  bringing  us,  as  it  were,  in  sight  of  the  mys- 
terious fiat  of  the  Almighty — was,  in  its  great  general  features, 
unfolded  almost  at  the  same  time  by  Germany's  deepest  thinker, 
the  Konigsberg  philosopher,  Imicanuel  Kant,  and  by  Piebre 
SucoN  DS  Laplace,  the  greatest  mathematician  of  France.  It 
is  truly  the  closing  stone  in  the  philosophy  of  the  celestial 
vault;  for  Copernicus  and  Kepler  made  us  behold  the  founda- 
tion,— the  first,  by  placing  the  sun  as  the  lantern  of  the  world  in 
the  center,  and  surrounding  it  with  the  planets — the  second,  by 
destroying  the  cycles  and  unravelling  the  harmony  of  the  spheres 
in  his  immortal  laws ;  and  after  the  existing  phenomena  had 
thus  been  rightly  viewed,  Newton  made  us  behold  the  invisible 
bond  that  connects  the  members  of  the  system,  while  at  length 
Kant  and  Laplace  pointed  out  to  us  the  hand  that  at  'Uhe 
beginning"  projected  these  celestial  balls  into  space  and  there- 
by insured  the  continued  existence  of  the  system. 

But  notwithstanding  this  noble  parentage  and  its  being  the 
logical  sequence  of  the  discoveries  in  the  theory  of  cosmos  made 
by  Copernicus,  Kepler  and  Newton,  the  nebular  theory  enjojrs 
as  yet  but  slight  consideration  among  astronomers.  Arago^  is 
the  only  one  of  these  who  has  deigned  to  consider  it  earnestly, 
and  he  probably  did  so  more  in  his  capacity  as  a  physicist  than 
as  an  astronomer. 

^  Anigo,  AitroDomi*  Popolaire,  ii,  *l.    Paris  and  LeipsiCf  1866. 
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The  reason  of  this  neglect  seems  to  be  the  incomplete  state  in 
which  even  Laplace  himself  left  the  theory.  Direct  observation, 
moreover,  seemed  to  contradict  some  laws  given  as  necessary 
consequences  of  this  hypothesis. 

We  have  already,  in  a  former  article,'  tried  to  vindicate  the 
theory  in  this  last  respect  by  showing  that  the  hypothesis  is 
really  confirmed  even  in  these  apparently  contradictmg  observa- 
tions. We  will  now  endeavor  to  give  a  somewhat  more  com- 
plete development  to  the  fundamental  principles  of  Kant  and 
Laplace,  and  to  exhibit  the  exact  position  of  the  nebular  theory 
itself,  hoping  thereby  to  show  that  this  theory,  if  we  only  study 
it  earnestly  and  patiently  both  by  experiment  and  analysis,  fully 
deserves  our  confidence. 

As  this  subject  is  as  vast  as  it  is  difficult,  we  beg  the  critic 
always  to  keep  in  mind  that  we  do  not  pretend  to  give  a  treat- 
ise, but  merely  offer  an  introduction  to  tnis  almost  new  field  of 
analysis. 

We  commence  with  a  short  survey  of  the  fundamental  prin- 
ciples and  the  aim  of  the  theory  of  the  solar  system,  in  order 
clearly  to  understand  why  the  nebular  theory  is  necessary,  what 
it  will  have  to  accomplish,  and  how  far  it  already  has  clone  its 
duty. 

§  1.  The  fundamental  comtante  of  the  Solar  et/etem. 

As  the  discovery  of  a  law  of  nature  is  but  the  reduction  of 
the  infinitude  of  observed  quantities  to  a  few  constants  by  means 
of  a  function,  the  algebraic  expression  of  the  law — we  see  that 
the  progress  of  astronomy  to  a  great  extent  micst  be  identical  witli  the 
reduction  of  the  number  of  such  constants.  This  is  fully  borne 
out  by  the  history  of  the  science.  For,  while  the  Ptolemaic  the- 
ory •  of  the  planetary  motion  required  the  radii  and  inclinations 
of  seventeen  diflferent  circles  to  express  the  observed  motions  of 
Saturn,  Kepler  reduced  this  number  of  constants  to  three,  the 
semi-major  axis,  eccentricity,  and  inclination  of  the  orbit  This 
very  principle  is  also  placed  by  Laplace*  at  the  head  of  his  Mi- 
canique  C^Uste. 

We  may  therefore  trust  in  this  principle,  and  with  Laplace 
try  to  reduce  the  number  of  indispensable  constants.  We  must 
first,  however,  ascertain  which  are  those  constants  that  are  now 
considered  fundamental  or  indispensable. 

The  canstants  of  the  solar  system  now  exclusively  deduced  from 
observation  are : 

1.  The  mass,  m,  of  the  planet. 

'  The  deositj,  rotation,  and  relative  age  of  the  planets :  this  Journal,  Jan.,  1864. 

'  Fracastor;  tee  Bailly,  Hittoire  dc  TAstronomie  modeme;  Toli.  Paris,  1779. 
Edaircissementa,  livre  iv,  §  28,  and  livre  Tiii,  §  27. 

*  n  iroporte  extr^mement  d'en  bannir  tout  empirisme  et  de  la  r^duire  k  D*em- 
prunter  de  robservation  que  les  donn^ea  indispensaoles.— ifle.  Ctt.'^Flan* 
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2.  The^figttre.  On  assuming  a  primitire  fluidity  and  a  small 
velocity  of  rotation,  theory  gives  an  ellipsoidal  figure  of  the 
planets;  hence  not  independent  of  observation. 

8.  The  ellipiicily  of  the  planet.  Theory  may  assign  to  it  a 
higher  and  a  lower  limit  by  means  of  the  mass  (1)  and  the  an- 
giuar  velocity  (6) — but  though  the  connection  of  this  constant 
with  others  thereby  is  manifest,  still  its  exact  value  can  only  be 
derived  from  observation. 

4.  The  volume^  or  diameter^  of  a  planet.  Combining  tiiis  con- 
stant with  the  first  (mass)  we  obtain  the  density. 

5.  The  phme  (or  inclination  of  the  axis), 

6.  The  direction,  and 

7.  The  velocity  of  rotation.  Though  this  last  element  bears 
relation  to  others,  still  its  exact  value  can  only  be  obtained  from 
observation.  Even  if  Kirkwood's  law  of  rotation*  should  prove 
to  be  perfectly  exact,  this  element  would  continue  to  be  a  funda- 
mental constant  as  long  as  that  law  remains  an  empirical  one. 

8.  The  distance,  a,  of  a  planet  from  the  sun,  or  the  semi-major 
axis  of  its  orbit.  By  the  theoretically  proved  third  law  of  Kep- 
ler, we  get  from  this  constant  the  periodic  time,  T,  requiring  only 
the  constant,  fi,  of  gravitation  to  be  known,  and  this  latter  is  the 
same  for  all  planets. 

9.  The  plane  or  inclination,  i,  of  the  orbit. 

10.  The  direction  of  the  motion.  The  velocity  is  given  by  the 
distance. 

11.  The  eccentricity  of  the  orbiL  This  constant  is  fundamental, 
for  the  theory  of  gravitation  only  proves  the  orbit  to  be  a  conic 
section  of  some  kind.  The  eccentricity  can  only  be  found  from 
observation. 

12.  The  number  of  satellites  of  a  planet  is  also  fundamental — 
and  for  each  of  them  the  same  eleven  constants  have  to  be  taken 
from  observation ;  the  first  seven  even  are  retjuired  by  the  sun. 

From  these  twelve  empirical  data,  theoretical  astronomy  can 
deduce  the  motion  of  the  corresponding  planet.  The  whole 
number  of  empirical  constants  is  not  at  aU  inconsiderable ;  for 

8  principal  planets,  constants  1-1 2,  -  -  •  96 

80  small  planets,           **        8-11,  -  -  -  820 

23  secondary  planets,    "        1-11,  -  -  -  253 

The  sun,                       «        1-7,  -  -  -  7 

Total  number  of  constants,  676 

to  which  the  corresponding  constants  for  the  comets  would  have 
to  be  added. 

What,  in  the  face  of  this  great  number  of  constants  that  as- 
tronomy has  to  borrow  from  observation,  shall  we  say  about  the 
boasted  perfection  of  this  science?    Is  it  not  in  science,  as  in 

*  This  Journal,  iz,  896,  Maj,  1860;  also  idy,  210,  Sept^  1862. 
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monJs,  that  self-adoration  hinders  progress?  Can  any  astron- 
omer who  has  not  merely  studied  the  details  of  the  celestial 
mechanics,  but  also  kept  in  mind  the  great  principle  laid  down 
by  its  author  in  his  "rlan" — can  he  still  pretend  that  Newton's 
theory  of  the  solar  system  merely  needs  further  development, 
seeing  that  the  few  bodies  of  this  system  require  him  to  borrow 
about  seven  hundred  constants  from  observation? 

We  shall  honor  the  memorj  of  Newton  much  more  by  trying 
to  go  beyond  the  results  of  his  labors  than  by  stupidly  worship- 
ping* the  same,  and  thus  arresting  the  progress  of  that  science  to 
promote  which  he  spent -his  life. 

§  2.  Then  fundamental  constanti  sustain  remarkable  relations  to  each 

other. 

The  Newtonian  theory  of  gravitation  simply  accepts  these 
constants  as  observation  gives  them.  For  if  our  earth  had  Ju- 
piter's mass,  the  rings  of  Saturn,  the  moous  of  Uranus  and  its 
axis  in  the  ecliptic,  Uie  latter  perpendicular  to  the  orbit  of  Ju- 
piter, a  retrograde  motion  in  a  hyperbolic  orbit — it  still  would 
as  fully  and  as  beautifully  confirm  the  theory  of  universal  grav- 
itation as  it  does  now;  for,  let  us  openly  and  frankly  acknowl- 
edge it,  these  constants  are  indepenaent  of  the  theory  of  gravi- 
tation because  the  latter  is  independent  of  the  former. 

But,  though  this  theory  does  not  give  any  reasons  for  any  kind 
of  dependence  between  the  often  mentioned  constants,  observa- 
tion snows  that  they  sustain  very  remarkable  relations  to  each 
other ;'  or  in  other  words,  there  are  relations  and  laws  in  our  solar 

*  The  literature  of  astronomy  teems  with  implicit  instances  hereof;  but  we  find 
•bo  direct  expressions  of  this  feeling,  like  the  following : 

Enfin,  nous  a?ons  tu  que  ces  resultats  eux  m4me»  peuvent  se  composer  en  un 
Mul  et  se  representer  par  une  loi  unique,  celle  de  la  Pesanteur  universelle;  parve- 
nus A  principe  nous  nous  Toyons  en  queique  sorte  dley^  A  la  tource  commune  ae  ious 
InfaiU  asCroncmiguef ;  tout  en  dirivent  de  la  mani^re  la  plus  simple  et  ils  y  sont 
en  queique  sorte  oomme  concentres.  Nous  avons  done  pour  ninsi  dire  d6compos6 
le  systeme  du  monde,  nom  favons  rkduii  d  «<m  eUment  unique,  et  nous  Tavons  en- 
soiie  recompos^.— Blot,  IVaiU  eUm.  ^(utronomie  phtfiique,    Paris,  1805.    Conclud- 

^ remark  of  the  work, 
hb  '*  616ment  uniaue  "  is  rather  singularly  unique,  requiring  no  less  than  sevea 
hundred  elements  to  be  borrowed  from  observation  alone  I 

^  Newton  was  aware  of  this — indeed,  nobody  can  help  seeing  some  of  these  re* 
latione.    In  tho  scholium  to  the  tliird  book  of  Principia  he  says : 

**  PlaoetiB  sex  principalis  revolvuntur  circum  solem  in  circulis  soli  concentricis, 
eAdem  motus  directione,  in  eodem  piano  quamproxim^.  Lunie  decem  revolvuntur 
circum  terram,  jovem  et  satumam  in  circulis  concentrlcis,  e&dem  motus  directione, 
in  planis  orbium  planetarum  quamproximiB.  £t  hi  onmea  motus  regularet  originem 
non  kabent  ex  cauns  mechanici*."     Edit,  le  Settr  et  Jacquier  Geneva  1749-42. 

It  is  customary  to  censure  Kepler's  fancy  in  contrast  to  the  solidity  of  all  New- 
ton's words;  still  a  sentence  like  the  above  is  much  more  objectiouaole  in  science 
than  thp  boldest  fancy,  for  the  latter  is  not  accepted  without  severe  scrutiny,  while 
the  former  is  repeated  as  a  sacred  truth.  If  Newton  had  written  "mechanical 
causes  known  to  me  "  instead  of  by  **  mechanical  causes,"  simply  to  imply  that  he 
knew  them  all,  he  would  have  prevented  many  a  drawback  that  has  encumbered 

Am.  Joub.  Sgi.— Second  SsBnis,  Vol.  XXXIX,  No.  115.— Jav.,  1865. 
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world  of  a  stiU  higher  order  than  those  deduced  from  gravitation. 
Thus,  the  inclinations  of  the  orbits  of  the  principal  planets,  in- 
stead of  being  uniformly  distributed  over  the  first  quadrant,  are 
all  very  small ;  and  their  direction,  instead  of  being  as  often 
retrograde  as  direct,  are  for  ail  planets  and  most  satellites  direct, 
Instead  of  having  the  eccentricities  regularly  varying  from  0  to 
00 ,  we  find  them  for  all  planets  nearly  zero  I  The  same  may  be 
said  of  any  of  the  above  fundamental  constants,  and  not  least 
of  the  distance,  as  it  is  found  approximaiing  to  Titius-Bode's 
law,  that  is,  to 

o,  =  4  +  3-2-» (1) 

But  quantities  that  sustain  mutual  relations  to  each  other  are 
the  particular  values  of  a  certain  function  for  definite  given 
values  of  the  variable  quantities;  hence,  if  we  intend  to  be  true 
to  the  spirit  expressed  by  the  words  of  Laplace  above  quoted, 
it  is  a  problem  legitimately  belonging  to  astronomy  to  find  Hiese 
functions  of  which  the  fundamental  constants  are  but  particular 
values. 

Let  us  boldly  face  this  great  problem  and  not  desist  though 
astronomers  tell  us  that  it  is  not  part  of  their  science. 

§  3.  The  fundamental  constants  satisfy  the  conditions  of  stability  of  the 

system. 

Since  relations  exist  between  the  values  of  the  fundamental 
constants,  we  may  ask  for  the  most  general  expression  of  these 
relations.  The  principal  of  these  relations  are,  by  Lagrange  and 
Laplace,  proved  to  be  such  ns  to  fulfill  the  conditions  of  stability 
of  the  system.    These  conditions  are — 

1.  Incommensurability  of  the  times  of  rotation^  ensured  by  the 
distances  forming  an  exponential  series  (1). 

2.  The  central  mass  vastly  preponderating,  and  the  greatest 
masses  revolving  where  the  mutual  distances  are  the  most  con- 
siderable. 

8.  The  direction  of  all  motions  is  the  same. 

4.  The  plane  of  all  orbits  is  and  remains  nearly  the  same,  because 

Sm^a.tyHz=zc^, (2) 

is  and  remains  a  small  quantity  (the  letters  having  the  same  sig- 
nification as  in  §  1). 

■eienoe.  Lets  arrogant,  becaa^  more  true,  be  is  xrhen  writing  to  Burnett  (about 
1680-SI),  **but  yet  I  most  coofess  I  know  do  sufficient  cause  of  y«  earth's  diurnal 
motion." 

Even  Biot,  notwithstanding  his  blind  admiration,  above  cited,  cannot  help  seeing 
aomething  more  than  gravitation  can  account  for,  when  noticing  the  harmony  to 
the  rotary  and  translatory  motions.  He  says:  *'cet  accord,  qui  tient  tana  dtnUe  au 
premium  cautet  qui  ont  diUrmitU  let  mouvemint$  planitaire$^  eat  un  dea  phinomS' 
nti  let  plu$  Ttmarquable*  du  aytthn/e  du  momk— Astron.  physique,  vol.  iv,  diap.  r, 
p.  461 
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5.  Tlie  ecceniricity^  e^  of  the  orbit  is  and  remains  nearly  the  eame^ 
becaose 

Sm/ii/a.e^=ze^y (8) 

is  and  remains  a  small  quantity. 

6.  The  density^  rf,  is  such  that  the  diameter  of  the  bodies  is 
small  in  comparison  to  their  distances. 

We  may  add — 

7.  The  form  of  the  planets  is  such  that  the  influence  of  the 
deviation  from  a  sphere  is  the  smallest  possible. 

§  4.  ChaviUUion  is  insufficient 

The  laws  of  Kepler  are  grand — as  well  as  Newton's  theory 
in  accounting  for  them ;  but  the  above  laws  of  Lagrange  and 
Laplace  are  certainly  of  a  superior  order,  and  the  theory  of 
gravitation  in  failing  to  give  even  a  shadow  of  a  reason  for  these 
laws  proves  itself  to  be  not  the  whole  truth :  we  must  go  be- 
yond this  force ! 

Astronomers  seem  to  forget  the  history  of  their  own  science ; 
for  how  could  they  otherwise  deny  the  legitimacy  of  accounting 
for  the  fact  that  the  above  laws  express  the  stability  of  the 
world?  Had  not  astronomers  at  the  time  of  Kepler  the  same 
reason  to  be  satisfied  with  his  laws  as  astronomers  have  now  in 
abiding  by  the  laws  of  stability?  And  is  it  not  as  urgent  to 
discover  the  causal  connection  between  these  laws  ensuring 
great  duration  to  our  system,  as  it  was  to  find  in  gravitation  the 
mechanical  cause  of  those  laws  ruling  the  spheres  at  the  time 
being? 

Now  the  hypothesis  of  Kant  and  Laplace  will  be  found  to 
account  for  the  laws  of  stability  as  rigialy  as  the  hypothesis  of 
Newton  accounts  for  the  laws  of  Kepler ;  why,  then,  deride  the 
former  and  adore  the  latter  hypothesis?  Or  do  we  even  forget 
that  "the  principle  of  gravitation"  is  but  a  ^^ hypothesis V*  Did 
not  Newton  himself  consider  it  as  such  ?  Is  not  this  force  fully 
as  mysterious  and  fully  as  much  beyond  the  reach  of  direct  ob- 
servation as  the  chaos  of  Kant  and  Laplace?  The  former  we 
assume  as  continually  acting,  because  we  find  that  the  motions 
are  such  as  this  force  would  produce  {provided  a  tangential  force, 
of  which  gravitation  knows  nothing,  also  acts  in  a  definite  man- 
ner, etc.,  etc.).  Why  not  also  assume  the  latter  as  having  been 
real,  if  we  find  by  the  same  mechanical  deductions  that  the 
existing  harmony,  as  expressed  in  the  stability  of  the  system  and 
ensured  in  the  mutual  relations  of  the  fundamental  constants 
follows  directly  from  the  above-named  chaos?  If  in  the  one 
case  we  reason  from  fact  or  law  to  cause — why  not  also  in  the 
other,  provided  our  conclusion  is  as  legitimate? 

Here  astronomers  will  not  fail  to  object  that  this  last  condition 
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is  not  satisfied.  We  fully  admit  this ;  but  beg  them  to  remember 
that  it  has  taken  two  centuries  of  labor  to  ensure  this  legitimacy 
to  gravitation — that  Newton  did  not  leave  gravitation  as  a  mere 
suggestion  (as  such  it  had  existence  before  him),  but  in  his  im- 
mortal Principia  gave  the  necessary  mechanical  firmness  to  this 
hvpothesis :  now  different  has  been  the  lot  of  Kant  and  La- 
place's hypothesis!  The  first  of  these  expounded  it  rather  fan- 
cifully in  connection  with  speculations  on  the  inhabitants  of  dis- 
tant globes;*  the  latter  only  gave  a  few  bold  and  deep  outlines 
of  the  nucleus  of  the  theory !  What  would  to-day  be  the  esti- 
mation of  gravitation  if  we,  instead  of  Newton's  Prmcipia,  only 
had  a  few  of  Hooke's  sublime  guesses,  if  these  had  only  been 
considered  by  men  like  Fontenelle*  instead  of  being  investigated 
by  Euler,  the  Bernoullis,  Lagrange,  Laplace,  Gauss,  Hansen, 
Plana,  etc.  ? 

Can  anything  be  more  unjust  than  exaltation  of  the  hypothe- 
sis of  Newton — this  deservedly  cherished  subject  of  the  master 
minds  of  two  centuries — above  the  hypothesis  of  Kantr-Laplace, 
which,  being  too  early  left  even  by  its  astronomical  parent,  has 
been  ever  since  considered  an  outcast  in  the  world,  endangering 
the  reputation  of  any  one  who  would  dare  to  touch  it? 

We  will  adopt  this  almost  forlorn  hypothesis  as  a  mere  hypoth* 
tsis — we  will  patiently  and  carefully  trace  its  bearings  by  means 
of  as  rigid  an  analysis  as  we  can  command  in  this  most  intricate 
field;  we  will  minutely  compare  the  results  thus  obtained  with 
the  actually  observed  state  of  things;  and  if  we  find  the  corres- 
pondenoe  bUween  idea  and  phenomenon^  between  analysis  and  ob- 
servation, to  be  very  close,  we  hope  that  those  who  have  analysis 
more  at  their  command  than  v/e,  will  pay  as  much  attention  to 
this  high  branch  of  astronomy  as  has  been,  and  deservedly  con- 
tinues to  be,  bestowed  on  I^wton's  hypothesis  of  gravitation. 
If  our  feeble  endeavors  only  sueceed  in  making  Kant-Laplace's 
hypolliesis  admitted  as  such  among  analysts,  we  shall  have  accom- 
plished all  we  desire:  for  then  this  hypothesis  will  soon  be  con- 
sidered as  firmly  established  a  principle  as  gravitation,**  or  as 
the  fact  of  the  rotation  of  the  earth,"  which  latter — notwith- 
standing Foucault's  pendulum  and  gyroscopes — still  remains  un- 
proved hy  ocular  evidence^  all  *' demonstrations"  being  in  £Eict 

*  Allgeroeine  Naturgetduchte  and  Theotie  dee  Himmelt,  1755. 

*  Tli&rie  des  Tourbillons  Cart^iens  avec  des  r^flectkmt  lur  rattrmction  (1762). 
Also  hU  Entretient  lur  la  plurality  des  mondes. 

^  GraTitatioD  was  always  treated  as  a  mere  hypothesis  by  the  Cartesians ;  th« 
work  of  Fontenelle  above  cited  ofere  the  instance  most  generally  known. 

^'  The  scientific  prejudice  existing  against  the  nebular  theory  is  perhaps  as  inju- 
rious as  the  religious  prejudice  once  *"  rentting'*  the  motion  of  the  earth.  See  the 
amnsiiig  statement  in  the  prefiice  to  tlie  'Dei  massimi  sistemi/  (ed.  Padova,  1744,) 
that  the  **  *  Moto  della  Terra '  non  pu6  n6  dee  amettersi  se  non  come  pura  ipotesi 
matematica,  che  serve  a  spiegare  piii  agevolmente  certi  fenomeni."  Also  Galileo 
himself,  ia  his  Dialugoe  (C^tere  eompl,   Firenze.  Vol.  i,  1848,  pp.  887  and  447). 
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inductive,  reasonings  with  our  senses.  Thus,  in  the  latter,  we 
see  the  plane  of  the  oscillations  rotate,  but  conclude  it  to  be  the 
earth.  It  requires  at  least  as  much  mental  effort  to  apprehend 
its  true  bearing  as  the  simple  reference  to  the  diurnal  motion  of 
sun,  moon,  and  stars.  ' 

§  5.  How  fat  the  nebular  tluory  accountefor  the  stability  of  the  system. 

The  theory  of  gravitation  can  never,  therefore,  account  for 
the  stability  of  the  solar  system.  How  far,  then,  does  the  nebu- 
lar theory  explain  those  great  fundamental  conditions  of  the 
system  that  ensure  not  only  the  harmony  of  the  solar  world  but 
even  make  this  harmony  (almost)  permanent? 

In  order  to  invite  physicists  and  astronomers  to  the  perusal  of 
the  following  introduction,  we  will  try  to  give  a  simple  answer 
to  this  most  important  question. 

I.  The  plane  of  all  planetary  orbits  must  be  nearly  the  same  (see 
§1,9,  and  §8,  4,  also  §10). 

This  theorem  has  been  clearly  seen  by  Kant  and  Laplace ;  it 
is  the  most  immediate  expression  of  the  hypothesis.  Mr.  Trow- 
bridge has  recently  pointed  out"  to  us  a  very  interesting  conse- 
quence hereof,  viz :  the  most  distant  planet  must  move  in  Hie  in- 
variable plane  ;  and,  indeed,  the  inclination  of  the  orbit  of  Nep- 
tune is  1®  47',  that  of  the  invariable  plane  V  41'. 

IL  The  direction  of  all  planetary  revolutions  must  be  the  same; 
this  obvious  consequence  of  the  hypothesis  accounts  for  §  8,  8, 
and  §  1,  10. 

III.  The  eccentricity  of  the  planetary  orbits  must  be  very  small — 
accounting  for  observation,  §  1,  11,  and  condition  of  stability, 
§8,  5  and  §10. 

This  proposition  has  been  deduced  in  general  reasonings  by 
Kant  and  Laplace;  in  the  following  we  will  try  to  give  a  dem- 
onstration of  it. 

rV.  The  planetary  distances  are  such  tliat  the  successive  planets 
were  evolved  at  equal  intervals  of  time;  or  if  <=1,  2,  8, re- 
spectively for  Mercury,  Venus,  Earth ,  then  the  distance  is 

a,  =  «  +  (?.yS (4) 

where  «,  /?,  y  are  constants,  and  t  the  age  of  the  planets  above  that 
of  Mercury.  From  this  follows  the  condition  of  stability  that 
the  periodic  times  are  incommensurable  (§  8, 1).  Besides,  it  is  seen 
that  this  law  accounts  for  the  empirical  law  of  Bode  (§  1,  8). 

The  analytical  demonstration  of  this  law  is  one  of  the  princi- 
pal objects  attempted  in  the  present  introduction.    (See  §  13.) 

V.  The  mass  of  the  more  distant  planets  is  the  greater j  on  account 
of  the  greater  space  from  which  the  material  of  the  planet  was 
condensed  (space  increasing  according  to  IV).    This  is  confirmed 

"  On  tlM  Nebnltf  Hjpothesit,  j  24 ;  this  Journal,  NovemUr,  1864,  page  866. 
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by  the  fact  tbat  the  sum  of  the  four  great  exterior  planets  is  480 
times  the  mass  of  the  earth,  while  the  sum  of  the  masses  of  the 
four  interior  planets  is  but  twice  the  mass  of  the  earth.  Further- 
more, the  mass  must  increase  toward  the  sun — as  the  density  from 
which  the  rings  were  formed  was  greater  nearer  the  center. 
This  is  confirmed,  as  the  mass  of  Neptune  is  25*6,  the  mass  of 
Uranus  but  14*6,  so  that  the  mean  of  the  two  most  distant  is 
20;  the  mass  of  Saturn  is  ^vc  times  as  great  (101*6),  and  the 
mass  of  Jupiter,  again,  three  times  greater  (339*2).  The  mini- 
mum in  the  case  of  the  mass  of  Uranus  is  evidently  produced 
by  the  simultaneous  influence  of  both  the  above  principles. 

The. mass  of  Jupiter  is  a  maximum ;  it  is  so  great  that  the  next 
following  ring  was  broken  up  into  fragments  by  the  perturbing  in  flu- 
ence  of  so  stupendous  a  mass — thus  originating  the  host  of  aster' 
oids^  and  perhaps  also  the  meteorites. 

The  very  small  mass  of  the  interior  planets  as  compared  with 
the  exterior  ones  is  not  astonishing,  if  we  remember  that  the 
inter-planetary  space  between  Jupiter  and  Saturn  is  to  that  be- 
tween Venus  and  the  Earth,  as  10 '-6  2'  to  1*00 '-*72',  or  as 
S60  to  '63,  or  nearly  as  1300  to  1.  The  mass  of  Jupiter  is  to 
the  mass  of  our  earth  as  340 : 1,  thus  giving  us  still  some  mar- 
gin for  an  increase  in  density  toward  the  center  of  the  nebula. 

Being  as  yet  unable  to  give  the  precise  theoretical  law  of  the 
masses,  we  are  obliged  to  make  the  above  few  suggestions,  in 
order  to  show  that  the  nebular  hypothesis  at  least  gives  a  gene- 
ral law  of  distribution  of  the  planetary  masses  in  conformity 
with  §  1,  1,  and  §  3,  2.  (Prof.  Kirkwood  takes  a  similar  view 
of  the  asteroids;  see  this  Journal,  1852,  xiv,  214.) 

VI.  The  figure  of  the  planets  (being  a  conclensed  vapor)  must  be 
an  oblate  spheroid  of 

VII.  Small  eUiptidty,  because 

VIII.  The  velocity  of  rotation  is  but  small  (compare  §  1,  2,  3,  7, 
and  §3,  7). 

This  last  proposition  is  based  upon  the  fact  that  the  moment 
of  rotation  is  but  the  difference  between  the  moment  of  revolu- 
tion of  the  exterior  and  interior  part  of  the  planetary  ring. 

Still,  the  exact  amount  of  this  velocity,  as  well  as  the  period  of 
rotation  of  the  sun,  has  not  yet  been  deduced  from  the  nebular 
hypothesis;  we  have  often  attempted  it,  but  as  yet  have  not 
been  able  to  solve  this  difl&cult  problem. 

Prof.  Kirkwood  has  found"  the  empirical  law  of  the  velocity 
of  rotation,  a  law  analogous  to  the  third  law  of  Kepler.  We  have 
repeatedly  arrived  at  expressions  similar  to  (but  not  identical 
With)  Kirk  wood's  law. 

IX  The  Plane;  ani 

*'  As  above,  this  Journal,  1860,  iz,  896. 
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X.  The  direction  of  rotation  of  the  planets  has  been  considered 
at  variance  with  the  nebular  theory,  ever  since  the  discovery  of 
the  lunar  system  of  Uranus.  We  believe  that  our  analysis  of 
this  problem'*  shows  that  the  rotation  of  Uranus  and  Neptune^ 
both  as  to  position  of  the  axis  and  direction  of  motion  affords  a 
very  interesting  confirmation  of  the  theory.    See  §  1,  5,  6. 

XL  The  density  of  the  planets  has  also  been  considered  as 
being  adverse  to  the  theory ;  but  if,  as  necessary,  the  influence 
of  the  age  is  taken  into  account,  it  is  found  that  the  minimum 
density  exhibited  by  Saturn  is  demanded  by  the  theory."  Com- 
pare §1,4,  and  §8,  6. 

XIL  The  number  of  satellites  was  already  shown,  by  Kant,  to 
increase  with  the  distance  from  the  center  of  the  nebula.  Though 
not  usually  given  as  such,  it  nevertheless  is  a  condition  of  sta- 
bility of  the  system — at  any  rate  it  is  conformable  to  observa- 
tion (§1,  12). 

The  rings  of  Saturn  are  best  considered  as  a  host  of  satelloids, 
oorrespondinff  to  the  planetoids  (and  meteorites)  of  the  solar 
world — thereby  accounting  for  the  excessive  thinness  and  the 
subdivisions  of  the  rings." 

In  looking  back  upon  the  preceding  account  of  the  present 
aspect  of  the  nebular  theory,  it  will  be  seen 

A.  That  the  four  great  fundamental  conditions  of  stability  re- 
ferring to  the  system  at  large  are  now  satisfactorily  deduced  from 
the  hypothesis  of  Kant-Laplace  (I-IV  above). 

B.  That  the  problem  of  the  mass  (V)  and  the  number  of  sateU 
liies  (XII),  though  not  completely  evolved,  still  is  sufficiently 
comprehended  to  enable  us  to  say  that  the  analytical  solution  is 
possible;  and 

C.  That  the  elements  referring  to  the  single  planets^  or  rather 
their  subordinate  systems,  are,  with  the  exception  of  the  exojci 
law  of  rotation  (VIII),  fully  deducible  from  the  fundamental 
hypothesis  of  Kant  and  Laplace. 

We  see,  then,  that  the  fundamental  constants  of  the  solar  sys- 
tem, which  number  about  seven  hundred  (§  1),  exhibit  very  re- 
markable mutual  dependencies  (§  2),  which  are  such  as  ensure 
the  permanence  or  stability  of  the  system  (§  8),  which  Newton's 
law  of  gravitation  cannot  account  for  (§  4).  Though  they  oflfer 
a  higher  problem  for  theory  than  Kepler's  laws,  astronomers 
have  hitherto  been  unwilling  to  recognize  the  analysis  of  the 
above  conditions  of  stability  as  part  of  their  science.  Laplace, 
while  instrumental  in  bringing  to  light  the  great  laws  of  the 
stability  of  the  system,  independently  reproduced  the  bold  hy- 

'*  On  the  density,  rotation,  and  relatiye  age  of  the  planets;  this  Journal,  1S64, 
izzrii,  86«  48. 
"  As  above,  p.  49. 
**  On  the  densltj,  etc;  this  Journal,  1 864,  xzzyU,  64. 
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potheais  of  Kant,  and  though  this  has  been  most  grievously 
neglected  by  analysts  and  astronomers,  still  it  now  affords  us  a 
fuU  solution  of  the  four  great  harmonies  ensuring  the  perma* 
nency  of  the  solar  world,  and  also  solves  most,  and  at  least  in- 
dicates the  solution  of,  all  other  problems  relating  to  the  bar* 
mony  of  the  fundamental  constants  of  the  solar  system. 

May  wo  not  hope  that  astronomers  will  begin  to  bestow  on 
this  theory  some  snare  of  their  labor? 

§6.  The  ffypotlieiis. 

We  assume,  with  Kant  and  Laplace,  aa  the  primitive  condi* 
tion  of  the  solar  system,  or  as  nebula: 

JTht  space  of  the  solar  system  wa^  filled  with  matter  having  a  mo* 
ment  of  rotation. 

This  matter  is  endowed  with  the  same  forces  we  know  it  to 
possess;  a  simple  calculation  will  furthermore  show  that  it  was 
a  highly  rare  vapor.  Its  chemical  constitution  we  will  leave  out 
of  consideration  for  the  present ;  we  therefore  consider  it  as  com- 
posed of  the  elements  we  know  here  on  earth,  manv  of  which 
we  now  know  to  be  found  on  the  sun,  and  are  probably  also  on 
the  distant  stars;"  still  there  can  be  no  doubt  but  that  many 
more  elements  exist  than  we  are  acquainted  with.  Many  of  the 
spectral 'lines  even  of  our  own  central  star  are  irreducible  to 
spectra  of  known  elements.  We  therefore  mean  simply  to  say 
tnat  at  the  above  primitive  period  the  elements  had  been  creaiea. 
I  hope  at  some  future  time  to  publish  an  attempt  at  a  mechanical 
theory  of  the  elementary  bodies,  which  has  occupied  my  time  for 
about  ten  years,  and  wherein  I  endeavor  to  show  the  physical 
properties  of  the  known  elements  to  be  definite  functions  of  their 
atomic  number  and  form.  Accordingly,  there  would  yet  remain 
a  more  primitive  condition,  the  existence  of  the  one  primitive 
matter  (Urstoff)  which  would  be  considered  as  the  direct  crea- 
tion  of  the  one  God. 

The  rotation  of  the  nebula  is  not  to  be  thought  regular,  but 
simply  amounting  to  a  certain  momentum.  I  have  elsewhere" 
tried  to  show  that  such  rotation  may  be  considered  as  the  effect 
of  a  difference  of  any  kind  between  the  primitive  forces  of  attraction 
and  repulsion  wherewith  we  know  matter  to  have  been  endowed. 

If,  therefore,  these  views  should  be  well  founded,  we  should 
have  arrived  at  the  grandest  principle  we  can  conceive  of  in  the 
present  state  of  our  knowledge;  we  should  be  able  to  see  how 
from  created  matter  alone  the  whole  of  the  solar  system  has  been  cfe- 
veloped;  we  would  be  enabled  to  conceive  the  almighty  ^t  as 

'^  Rutherford,  Astronomicftl  Observations  with  the  Spectroscope ;  thb  Journal, 
1S68,  xxzv,  71.  Above  aU,  Bunsen's  and  Kirchhoff's  memoirs  on  their  great  die* 
covcry. 

"  This  Journal,  1864,  zzxvii,  62. 
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one  single  act    How  much  such  a  theory  would  tend  to  elevate 
our  conceptions  of  the  great  Author,  we  cannot  here  develop. 

In  the  present  paper  i  shall  not  go  farther  back  in  time  than 
to  the  existence  of  the  nebula  of  ELant  and  Laplace  as  above 
defined." 

§  (T.  Plateau's  experiment. 

Before  entering  upon  the  analysis  of  the  nebula,  we  must  refer 
to  the  experimental  evidence  of  the  nebular  theory  aflfbrded  by 
the  beautiful  experiments  of  Plateau,  detailed  in  his  Mimoire 
eur  Its  pkenomines  que  presents  une  masse  liquide  libre  et  soustraite 
d  Vaction  de  la  pesanteur^  Ft.  I  (Neuv.  m^m.  de  TAcad.  de  Brux- 
elles,  vol.  xvi,  1843).    His  results  are: 

1.  A  liquid,  subject  only  to  the  action  of  its  molecular  forces 
assumes  the  form  of  a  perfect  sphere  (§  2). 

2.  This  globe  is  flattened  at  its  poles,  if  subject  to  rotation 
(§  10).  Although,  as  he  thinks,  the  molecular  forces  are  not 
identical  with  those  acting  in  the  nebula,  still  the  results  ought 
to  bo  analogous,  if  they  are  not  identical. 

**  It  b  perhaps  not  out  of  place  here  to  gjye  a  eynopBis  of  the  diflerent  distinei 
mg€9  that  are  diaracterixed  by  a  further  iDdividualiiation  or  a  new  direct  cretftion 
aooordiog  to  the  views  above  indicated. 

Three  (or  four)  direct  acta  of  the  Deitj  may  be  recognized,  yiz:  the  creation  of 
matter^  of  /(/«,  of  mind  (and  tlie  redemption).  The  formation  of  tlie  elements  out  of 
matter  characterizes  the  firnt  age;  the  formation  of  the  ttolar  worlds  with  its  plan- 
ets, moons  and  central  sun,  the  teeond  age  ;  while  the  third  age  beheld  the  develop- 
ment of  our  earth  from  a  vaporous  ball  to  its  present  shape ;  in  the  fourth  age^  life 
was  created  in  the  form  of  pfantM  and  animaU;  in  the  fifth  age,  mind,  the  investi- 
gating mind,  was  introduced  by  the  creation  of  man^  the  cephalited  animal;  and  in 
the  «Er<A, redemption  took  place;  while  a  tettnih  age  will  Ofhold  the  destruction  of 
the  whole  system,  occasioned  by  the  extinction  of  the  solar  body  and  the  reeistanee 
ci  ether.    (See  this  Journal,  1864.  xxxvii,  56 ) 

To  enery  age  correspond  two  sciences :  the  first  relates  to  the  development^ 
Whewell  would  call  it  the  faletiology  of  the  age— while  the  second  relates  to  the 
actually  exiting  product  of  the  development  or  creation  of  that  a^e,  L  e.,  the  sci- 
Thusi  we  obtain  the  following  general  view  of  the  natural  sciences: 
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These  names  have  of  course  to  bo  taken  in  their  widest  sense ;  thus  geography 
■tands  for  physical  geography,  meteorology,  etc.,  and  history  comprehends  not  only 
political  but  also  the  intellectual  history  of  the  human  race,  thus  including  again 
all  the  sciences  in  their  historical  development  We  see  how  **  planetology''  is 
allied  to  geology  and  astronomy. 
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3.  If  the  rotation  becomes  sufficiently  rapid,  the  whole  globe  is 
transformed  into  a  ring  in  the  equatorial  plane  (§§  11-14)  which, 
by  continuing  the  rapid  rotation  of  the  large  central  disc,  even 
loses  its  regularity,  and  separates  into  small  masses  which  imme- 
diately assume  globular  forms.  **  But,"  continues  he  (§  19), 
"  this  is  not  all ;  one  or  more  of  these  spheres  are  always  seen  to 
take,  at  the  instant  of  formation,  a  motion  of  rotation  on  their 
own  axes,  and  this  motion  is  almost  always  in  the  same  direc- 
tion as  that  of  the  ring."'^  He  even  found  that  still  smaller 
globes  were  formed. 

4.  If  a  small  disc  is  put  into  very  rapid  rotation,  a  ring  is 
formed,  while  a  part  of  the  original  globe  remains  on  the  axis 
(§21),  so  that  Plateau  rightly  concludes  with  saying  (§27)  that 
mcfet  of  the  phenomena  of  the  relative  configuration  of  the 
heavenly  bodies  have  been  reproduced  by  him  on  a  small  scale.'* 

[To  be  eontinneJ.] 


Art.  VIII. — Contributions  to  Chemistry  from  the  Laboratory  of  the 
Laivrence  Scientific  School;  by  WoLCOTT  GiBBS,  M.D.,  Rum- 
ford  Professor  in  Harvard  University. — No.  2. 

§1- 

On  the  separation  of  chromium  from  aluminum,  iron,  manga- 
nese, cobalt,  nickel,  zinc  and  magnesium, — Sesquioxyd  of  chro- 
mium in  an  alkaline  solution  is  readil  v  oxydized  to  chromic  acid 
by  means  of  chlorine,  bromine  or  deutoxyd  of  lead.  When 
chlorine  or  bromine  are  employed  as  oxydizing  agents,  the  alka- 
line solution  may  be  neutralized  by  acetic  acid,  after  the  oxyda- 
tion  is  complete,  and  the  chromic  acid  muj  then  be  precipitated 
b}*^  acetate  of  barium,  when  the  solution  is  free  from  sulphuric 
acid,  and  directly  weighed  in  the  form  of  chromate  of  barium. 
In  place  of  free  alkali  it  will  be  found  in  practice  very  much 
more  convenient  to  employ  acetate  of  sodium  or  potassium. 
When  a  solution  of  sesquioxyd  of  chromium  is  rendered  nearly 
neutral  by  a  solution  of  carbonate  of  sodium,  and  acetate  of  so- 
dium is  added  in  excess,  a  current  of  chlorine  gas,  or  a  solution  of 
chlorine  water,  readily  converts  the  whole  of  the  chromium  pres- 
ent into  chromic  acid,  especially  when  the  solution  is  hot,  and 
when  it  is  kept  nearly  neutral  by  occasional  addition  of  carbonate 
of  sodium.    The  excess  of  chlorine  is  easily  expelled  by  boiling, 

*  Of  coarse ;  for  in  this  oil  the  densitj  is  the  same.  See  oar  article,  this  Jotir- 
naU  1864,  xxx?ii,  51,  £=0. 

'^  Malgr^  la  difference  des  lois  qae  suivent  les  forces  attractires  dans  ce  cas  et 
celui  des  grandes  masses  plan6taires,  nous  avons  Ta  se  prodaire,  en  petit,  une  r6' 
pr^entatiou  frappante  de  la  plospart  des  pbteomSnes  de  configuration  reiatifs  aaz 
corps  celestes. 
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after  which,  in  the  preseDce  of  hases  not  precipitated  by  ammo* 
nia,  the  chromic  acid  may  be  precipitated  by  acetate  of  lead,  or  ace- 
tate of  barium,  and  weighed  in  the  form  of  cbromate,  provided, 
of  course,  that  no  sulphuric  acid  is  present.  When  sulphate  and 
cbromate  of  barium  are  thrown  down  together,  the  chromic  acid 
may  be  reduced  to  sesquioxyd  by  boiling  with  concentrated 
chlorhydric  acid  and  alcohol,  after  which  the  barium  may  be 
precipitated  by  sulphuric  acid,  and  the  sesquioxyd  of  chromium 
thrown  down  in  the  filtrate  by  boiling  with  ammonia  in  the  usual 
manner.  As  the  reduction  of  cbromate  of  barium  by  means  of 
chlorhydric  acid  and  alcohol  does  not  take  place  very  readily,  it 
is  better  to  boil  the  cbromate  with  an  excess  of  carbonate  of  po* 
tassium  or  sodium,  to  filter  off  the  carbonate  of  barium,  and  <p[e« 
termine  the  chromic  acid  by  means  of  nitrate  of  suboxyd  of  mer- 
cury, or  by  reduction  to  oxyd  of  chromium  and  precipitation 
with  ammonia  in  the  usual  manner. 

When  aluminum  and  iron  are  to  be  separated  from  chrorai- 
um  by  this  process,  the  two  oxyds  may  be  precipitated  together 
by  simply  boiling,  the  solution  after  the  complete  oxydation  of 
the  chromium  to  chromic  acid,  in  the  presence  of  excess  of  ace- 
tate of  sodium.  It  is  more  convenient  and  equally  accurate  to 
neutralize  the  solution  with  ammonia,  separate  the  alumina  and 
sesquioxyd  of  iron  by  filtration,  and  determine  the  chromium 
in  the  filtrate  by  reduction  and  precipitation  with  ammonia. 

When  the  oxyds  of  calcium,  magnesium,  zinc,  nickel,  cobalt 
and  man^nese  are  present  in  a  solution  containing  sesquioxyd 
of  chromium,  it  is  best  to  oxydize  the  chromium  to  chromic 
acid  as  above,  and  then  to  precipitate  with  acetate  of  lead  or 
barium. 

I  have  stated  in  a  former  paper  that  chromic  iron  ore  may  be 
completely  resolved  by  fusion  with  fluohydrate  of  fluorid  of  po- 
tassium. In  this  and  in  all  similar  applications  of  the  fiuony- 
drate,  it  is  best  to  evaporate  the  finely  pulverized  mineral  to  dry- 
ness with  a  concentrated  solution  of  the  salt.  On  subsequently 
heating  to  low  redness,  the  resolution  of  the  mineral  is  effected 
with  the  utmost  ease,  a  portion  of  the  chromium  being  usually 
oxydized  to  chromic  acid  by  the  oxygen  of  the  air.  After  ex- 
pelling the  fluorine  by  heatina;  the  fu-sed  mass  with  sulphuric 
acid,  the  remaining  mass  may  be  treated  with  acetate  of  sodium 
and  chlorine  in  the  manner  already  pointed  out,  the  iron  and 
aluminum  separated  by  boiling,  and  the  chromic  and  sulphuric 
acids  precipitated  hj  acetate  of  barium,  after  which  the  chromi- 
um may  be  determmed  as  above. 

In  precipitating  chromic  acid  by  means  of  nitrate  of  suboxyd 
of  mercury,  hot  solutions  must  not  be  employed,  as  a  small 
portion  of  chromic  acid  is  always  reducedf  to  sesquioxyd  of 
chromium.    The  precipitated  cbromate  should  be  allowed  to 
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stand  some  hours  before  filtering.  In  general,  the  precipitation 
bj  acetate  of  lead  or  acetate  of  barium  is  to  be  preferred  even 
when  the  resulting  chromate  is  to  be  weighed  as  such. 

§2. 

On  the  employment  of  acetate  of  sodium  for  the  separation  of  iron 
and  aluminum  from  other  bases. — The  facility  with  which  iron 
and  aluminum  are  precipitated  from  neutral  solutions  of  the  ses- 
quioxyd,  bj  boiling  with  acetate  of  potassium  or  sodium,  has  led 
to  frequent  analytical  applications,  though  the  method  is  not  so 
generally  employed  as  it  deserves.  Mr.  C.  F.  Atkinson  has  de- 
voted much  time  to  a  careful  study  of  the  subject,  and  has  ar- 
rived  at  the  following  results,  which  appear  to  me  worthy  of  at- 
tention. The  sesquioxyds  of  iron  and  aluminum  may  be  per- 
fectly separated  from  the  protoxyds  of  manganese,  cobalt,  nickel, 
zinc,  magnesium  and  calcium,  and  from  sesquioxyd  of  uranium, 
by  boiling  the  neutral  or  nearly  neutral  solutions  with  acetate  of 
sodium,  provided  that  the  following  precautions  are  observed. 
The  solutions  from  which  the  sesquioxyds  are  to  be  precipitated 
must  be  dilute:  half  a  liter  of  the  solution  should  not  contain 
more  than  one  gram  of  either  sesquioxyd  or  of  the  two  when 
both  are  present  The  quantity  of  acetate  of  sodium  should  be 
sufiicient  to  convert  by  double  decomposition  all  the  bases  present 
into  neutral  acetates.  The  acetate  should  be  added  to  the  metal- 
lic solution  when  cold  and  the  whole  should  then  be  heated  to- 
gether and  boiled  for  a  short  time.  It  is  not  necessary  to  filter 
upon  a  water-bath  funnel,  but  the  beaker  containing  the  solution 
should  be  kept  nearly  at  the  boiling  point  during  filtration,  and 
a  ribbed  filter  should  be  employed.  In  all  cases  it  is  best  to  add 
a  few  drops  of  free  acetic  acid  to  the  solution,  to  prevent  the 
formation  of  basic  acetates  of  the  protoxyds.  This  is  especiall  v 
necessary  in  separating  iron  and  aluminum  from  zinc  and  nickel. 

Finally,  itis  oest,  whenever  it  is  possible,  to  have  all  the  bases 
present  in  the  form  of  chlorids.  The  iron  and  alumina  upon 
the  filter  in  the  form  of  basic  acetates  must,  whenever  an  aoso- 
lutely  complete  separation  is  necessary,  be  redissolved  in  chlor- 
hydric  acid  and  again  precipitated  by  boiling  with  the  acetate 
after  rendering  the  solutions  nearly  neutral  by  means  of  carbon- 
ate of  sodium.  In  this  manner  only  is  it  possible  to  separate 
Che  last  traces  of  the  stronger  bases.  Finally,  the  basic  salts  of 
the  iron  and  aluminum,  after  washing,  must  be  redissolved  in 
chlorhydric  acid,  and  precipitated  by  boiling  with  ammonia  in  the 
usual  manner,  to  free  them  completely  from  alkali.  The  pre- 
caution of  a  second  treatment  with  acetate  of  sodium  is  more 
necessary  with  alumina  than  with  sesquioxyd  of  iron  alone. 
It  is  scarcely  worth  the  trouble  in  the  separation  of  iron  from 
calcium  and  magnesium. 
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According  to  my  own  observations,  the  sesquioxyds  of  iron 
and  aluminum  cannot  be  separated  from  sesquioxyd  of  chro* 
mium  by  boiling  with  acetate  of  sodium,  although  the  last  men* 
ttoned  oxyd  is  not  precipitated  when  alone  in  solution.  In  this 
case  it  is  necessary  to  oxydize  the  chromium  to  chromic  acid  by 
chlorine  in  the  manner  already  pointed  out. 

§8. 

On  (he  separation  of  manganese  from  cobalt^  nickel  and  zinc, — 
Schiers  method  of  separating  manganese  from  the  alkaline  earths 
by  adding  acetate  of  sodium  to  the  mixed  solutions,  heating  the 
liquid  gently  and  then  passing  chlorine  through  it  so  as  to  con- 
vert the  manganese  into  a  hydrate  of  the  sesquioxyd,  is  better 
than  that  formerly  given  by  myself  in  which  peroxyd  of  lead  is 
used  as  the  oxydizing  agent.  With  respect  to  SchiePs  method, 
however,  it  must  be  remarked  that  it  cannot  be  employed  to  sep- 
arate manganese  from  nickel  or  cobalt^  because  both  of  these 
metals  are  converted  into  higher  oxyds  under  the  same  circum- 
stances. Nickel  may,  as  Popp  has  recently  shown,  be  completely 
precipitated  as  a  deep  blue  hyperoxyd,  while  as  I  have  myself 
observed,  cobalt  is  also  oxydized,  though  not  precipitated,  unless 
the  solution  is  boiled  with  an  alkaline  carbonate.  In  separating 
manganese  from  zinc,  calcium  or  magnesium,  I  have  repeatedly 
found  that  a  second  treatment  is  necessary  in  order  to  obtain  a 
perfect  separation.  This  second  treatment  may  be  neglected  in 
separating  manganese  from  calcium  and  magnesium,  but  not  in 
separating  it  from  zinc,  although  the  addition  of  a  few  drops  of 
free  acetic  acid  renders  the  process  more  exact. 

Though  the  method  of  separating  manganese  from  other  bases 
by  means  of  peroxyd  of  lead,  which  I  formerly  proposed,  will 
hardly  be  usea  in  future,  now  that  we  are  in  possession  of  more 
convenient  processes,  it  will  still  be  of  some  interest  to  chemists 
to  know  the  precise  nature  of  the  insoluble  black  compound 
which  is  formed  when  peroxyd  of  lead,  PbO,,  is  digested  or 
boiled  with  an  excess  of  a  solution  of  chlorid  or  nitrate  of  man- 

Knese  and  afterward  thoroughly  washed.  An  analysis  of  this 
dy,  made  some  years  since  in  my  laboratory  by  my  lamented 
friend  and  former  pupil,  Mr.  Theodore  Parkman,  gave  the  fol- 
lowing results : 
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and  four  equivalents,  we  have  the  formula,  MnOj+^PbOj,  as 
the  simplest  expression  of  the  results  of  the  analysis. 

A  simple  and  perfectly  satisfactory  process  for  separating 
manganese  from  cobalt,  nickel,  and  zinc,  is  the  following:  To 
the  neutral  or  nearly  neutral  solution  of  the  chlorids,  acetate  of 
sodium  is  to  be  added  in  excess  together  with  a  few  drops  of  free 
acetic  acid.  The  solution  is  then  to  be  boiled,  and  a  rapid  cur- 
rent of  sulphydric  acid  gas  passed  through  it  while  boilinc  and 
continued  for  half  an  hour.  Every  trace  of  cobalt,  nickel  and 
izinc,  is  precipitated  in  the  form  of  sulphid,  while  the  whole  of 
the  manganese  remains  in  solution.  The  precipitate  is  to  be 
thrown  upon  a  ribbed  iBlter  and  quickly  washed  with  cold  water 
saturated  with  sulphydric  acid  gas.  It  is  easily  washed,  and 
though  the  sulphias  of  cobalt  and  nickel  precipitated  io  this 
manner  are  far  more  easily  oxydized  than  wnen  precipitated  by 
boiling  sulphid  of  sodium  from  boiling  solutions,  they  will  be 
found  to  present  no  difficulty  as  regards  oxydation  upon  the  fil- 
ter. Manganese  may  then  be  determined  in  the  filtrate  by  boil- 
ing with  chlorhydric  acid  and  precipitating  in  the  usual  manner 
with  carbonate  of  sodium.  The  mixed  sulphids  upon  the  filter, 
-supposing  for  the  sake  of  generality  that  all  three  are  present, 
are  to  be  dissolved  in  chlorhydric  acid  and  the  metals  converted 
into  double  cjranids  by  means  of  an  excess  of  cyanid  of  potas- 
sium, after  which  the  zinc  may  be  precipitated  by  means  of  sul- 
phid of  sodium,  as  recommended  by.Wdhler. 

When  perfectly  pure  cyanid  of  potassium  is  not  at  hand,  the 
following  process  will  be  found  particularly  convenient.  Acetate 
of  sodium  is  to  be  added  to  the  solution  of  the  mixed  chlorids, 
after  which  the  vapor  of  cyanhydric  acid  generated  in  a  flask 
from  sulphuric  acid  and  ferrocyanid  of  potassium  is  to  be  passed 
directly  into  the  solution.  Cyanid  of  zinc  is  immediately  pre- 
cipitated more  or  less  completely  as  a  perfectly  white  powder. 
A  solution  of  sulphid  of  sodium  is  then  to  be  added  as  long  as 
a  precipitate  is  formed,  aft;er  which  the  sulphid  of  zinc  is  to  be 
separated  by  filtration.  Cobalt  and  nickel  remain  in  solution  as 
double  cyanids.  The  same  process  may  be  used  to  separate 
manganese  from  cobalt  and  nickel,  sulphid  of  sodium  throwing 
down  under  these  circumstances  a  pure  flesh  red  precipitate.  It 
is  easy  to  see  that  zinc  and  manganese  together  may  be  sepa- 
rated from  cobalt  and  nickel  by  the  same  process  and  at  one  op- 
eration. No  cyanid  of  manganese  appears  to  be  formed  when 
cyanhydric  acid  is  passed  into  absolution  containing  a  salt  of 
manganese,  acetic  acid,  and  acetate  of  sodium. 

I  have  stated  in  a  former  paper"  that  the  sulphids  of  nickel 
and  cobalt  are  thrown  down  from  boiling  solutions  by  a  boiling 
solution  of  sulphid  of  sodium  in  an  insoluble  form,  so  that  in 

*  Thii  Journal,  March,  186i. 
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fiwjt  even  strong  chlorhydric  acid  scarcely  exerts  upon  them  an 
appreciable  action.  This  process  has  been  applied  to  the  separa- 
tion of  cobalt  and  nickel  irom  zinc  and  manganese  by  my  excel- 
lent assistant,  Mr.  Maurice  Perkins,  and  gives  results  which  are 
very  satisfactory,  especially  for  qualitative  purposes,  the  sulphids 
of  manganese  and  zinc  precipitated  under  the  same  circum- 
stances being  readily  soluble,  even  in  dilute  acid.  The  process 
is  now  substituted  in  this  laboratory  for  that  given  in  most  of  the 
recent  works  on  qualitative  analysis,  and  has  been  repeatedly 
tested  with  satisfactory  results. 

§4. 

On  the  separation  of  cobalt  from  nickel — A  method  of  separat- 
ing these  metals,  given  some  years  since  by  Liebig,*  consists  in 
boiling  the  mixed  double  cyanids  of  nickel  and  potassium  and 
cobalt  and  potassium  with  oxyd  of  mercury.  Oxyd  of  nickel 
is  precipitated,  while  an  equivalent  quantity  of  mercury  is  dis- 
solved as  cyanid.  The  method  certainly  gives  good  results  but 
is  not  free  from  objection.  Long  boiling  is  necessary  before  the 
precipitation  is  complete,  and  it  is  difficult  to  prevent  "bump- 
ing "  during  ebullition.  The  excess  of  oxyd  of  mercury  must 
be  separated  from  the  oxyd  of  nickel  by  a  special  operation,  and 
the  nickel  afterwards  again  precipitated  by  caustic  alkali. 

These  inconveniences  may  be  completely  avoided  by  employ- 
ing, instead  of  the  oxyd  alone,  a  solution  of  the  oxyd  in  the 
cyanid  of  mercury.  When  this  solution  is  added  to  a  hot  solu- 
tion of  the  double  cjanid  of  nickel  and  potassium,  the  whole  of 
the  nickel  is  immediately  thrown  down  as  a  pale  green  hydrate 
of  the  protoxyd.     Under  the  same  circumstances  cobalt  is  not 

Srecipitated  from  the  double  cyanid  of  cobalt  and  potassium, 
[r.  W.  N.  Hill,  who  has  repeatedly  employed  this  method  and 
carefully  tested  it,  has  found  that  the  separation  effected  is  com- 
plete. No  cobalt  can  be  detected  in  the  precipitated  oxyd  of 
nickel  by  the  blowpipe,  nor  can  nickel  be  aetected  in  the  cobalt 
(finally  separated  as  oxyd)  by  Plattner's  process  with  the  gold 
bead.  The  solution  of  oxyd  of  mercury  is  easily  obtained  by- 
boiling  the  oxyd  with  a  strong  solution  of  the  cyanid,  and  fil- 
tering. According  to  Kiihn*  the  ^anid  formed  in  this  manner 
has  the  formula  HgCy+3HgO.  The  hydrated  oxyd  of  nickel 
precipitated  may  be  filtered  off,  washed,  dried,  ignited  and 
weighed.  The  cobalt  is  more  readily  and  conveniently  deter- 
mined by  difference,  when,  as  is  always  possible,  the  two  metals 
have  been  weighed  together  as  sulphates.  I  am  not  prepared  to 
say  that  this  modification  of  Liebig's  method  of  separating  nick- 
el and  cobalt  gives  better  results  than  Stromeyer's  process  by 

*  Add.  der  Chemie  nod  Phftrmacie,  Ixt,  244. 

*  Berseliut,  Lefarbuch  der  Chemie,  iii,  872. 


Digitized  by  VjOOQ IC 


64  Contributions  to  Chemittry  from  the 

means  of  nitrite  of  potassium,  but  it  is  at  least  very  much  more 
convenient  and  requires  much  less  time.  The  complete  precipi- 
tation of  cobalt  in  the  form  of  Co,03,2NO,+8KOJJO,  usually 
requires  at  least  forty -eight  hours,  and  rarely  succeeds  perfectly 
except  in  experienced  hands. 

§5. 

On  (he  separation  of  uranium  from  ztnc,  cobalt  and  nickel — 
The  methoa  which  I  have  given  above  for  the  separation  of 
manganese  from  cobalt,  zinc,  and  nickel,  by  precipitating  the  sul- 
phids  of  the  three  last  named  metals,  by  means  of  sulphydrio 
acid  gas,  from  a  boiling  solution  of  the  acetates,  may  be  also  used, 
according  to  the  carefully  conducted  experiments  of  Mr.  Perkins, 
for  the  separation  of  uranium  from  the  same  metals.  The  pro- 
cess is  in  all  respects  the  same,  and  requires,  therefore,  no  further 
description.  It  will  be  found  much  simpler  and  more  conven- 
ient tnan  that  described  by  Bose,  by  means  of  carbonate  of 
barium. 

§6. 

On  the  electrolytic  precipitation  of  copper  and  nickel  as  a  method 
of  analysis. — The  precipitation  of  copper  by  zinc,  in  a  platinum 
vessel,  with  the  precautions  recommended  by  Fresenius,  leaves 
nothing  to  be  desired,  so  far  as  accuracy,  ease  and  rapidity  of  ex- 
ecution are  concerned.  The  method  labors,  however,  under  a 
single  disadvantage  :  the  introduction  of  zinc  renders  it  difficult, 
or  at  least  inconvenient,  to  determine  with  accuracy  other  ele- 
ments which  may  be  present  with  the  copper.  It  has  occurred 
to  me  that  this  difficulty  might  be  overcome,  the  principle  of  the 
method  being  still  retained,  by  precipitating  the  copper  by  elec- 
trolysis with  a  separate  rheomotor.  The  following  numerical 
results,  which  are  due  to  Mr.  E.  V.  M'Candless,  will  satisfacto- 
rily show  the  advantages  of  the  method  for  the  particular  cases 
in  which  it  is  desirable  to  employ  it.  The  copper  was,  in  each 
case,  in  the  form  of  sulphate ;  the  deposition  took  place  in  a 
small  platinum  capsule,  which  was  made  to  form  the  negative 
electrode  of  a  Bunsen's  battery  of  one  or  two  cells,  in  rather 
feeble  action.  The  positive  electrode  consisted  of  a  stout  plati- 
num wire,  plunged  into  the  surface  of  the  solution  of  copper 
at  its  center.  The  following  table  gives  the  results  obtained  in 
die  analysis  of  pure  sulphate  of  copper : 


dumber. 

Salt  taken. 

Copper  foaod. 

Perceotafa. 

L 

1-2376 

0-3145 

26-41 

II. 

0-4236 

0-1076 

26-38 

III. 

10640 

0-2705 

26-42 

IV. 

1-3680 

08440 

25-33 

V. 

0-6665 

0-1460 

25-59 

VL 

0-4736 

0-1205 

25-48 
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In  seven  determinations  of  copper  in  the  alloy  of  copper  and 
nickel  employed  by  the  government  for  small  coins,  the  follow- 
ing resalts  were  obtained : 


f  umber. 

Weight  of  alloj. 

Copper. 

Percentagi 

I. 

0-4160 

0-8640 

87-50 

II. 

0-6180 

0-5410 

87-54 

IIL 

0-4600 

0-4090 

88-01 

lY. 

0-5120 

0-4481 

87-51 

V. 

0-4220 

0-3093 

87-51 

VI. 

0-2525 

0  2225 

88-11 

VII. 

0-3705 

0-8255 

87-85 

The  percentage  of  copper  required  by  the  formula  CuO, 
S0,+5H0  is  25'42,  while  the  government  standard  alloy  of 
nickel  and  copper  contains  87*50  per  cent  of  copper.  The  lime 
required  for  precipitation  varied  from  one  to  three  hours,  the 
separation  of  the  last  traces  of  copper  being  in  each^case  deter- 
mined by  testing  a  drop  of  the  liquid  upon  a  porcelain  plate 
with  sulphuretted  hydrogen  water.  The  copper,  after  precipita- 
tion, was  washed  with  distilled  water,  dried  in  vacuo  over  sul- 
phuric acid,  and  weighed  with  the  platinum  vessel.  The  only 
precaution  necessary  is  to  regulate  the  strength  of  the  current  so 
that  the  copper  may  be  precipitated  as  a  compact  nnd  bright 
metallic  coaling,  and  to  dry  as  quickly  as  possible.  When  the 
copper  is  thrown  down  in  a  spongy  condition,  it  not  only  oxyd- 
izes  rapidly,  but  it  is  impossible  to  wash  out  the  last  traces  of 
foreign  matter  contained  in  the  solution.  This  is  well  shown  by 
number  III  and  number  VI  of  the  second  series,  in  both  of 
which  cases  the  copper  was  precipitated  too  rapidly.  The  solu- 
tion from  which  the  copper  has  been  deposited  contains  the 
other  elements  present  in  the  original  substance.  It  may  be 
easily  poured  off  without  loss,  and  the  washings  added. 

It  appears  at  least  probable  that  nickel  may  be  determined  by 
electrolysis  in  the  same  manner  as  copper,  tiie  solution  emploved 
being  the  ammoniacal  sulphate  with  excess  of  free  ammonia.  "Mr. 
M'Candless  obtained  in  two  determinations  in  a  commercial  sam- 
ple 91-36  and  91-60  per  cent  nickel.  In  both  cases  the  nickel 
was  thrown  down  completely  as  a  bright  coherent  metallic  coat- 
ing upon  the  platinum. 

Cambridge,  Oct  Ist,  1864. 

Am,  Joim.  Sgi.— Sjcoond  Sbrhs,  Vol.  XXXIX,  No.  115.^Jak.,  186& 
9 


Digitized  by  VjOOQ IC 


65  D.  Kirkwood  on  Planetary  Distances. 


Art.  IX. — Note  on  the  Planetary  Distances ;  by  Pro£  Daniel 
Kirkwood,  Indiana  State  University. 

To  obviate  any  misapprehension  that  may  have  existed  in  re- 
gard to  the  order  of  planetary  distances  proposed  in  this  Journal 
for  July,  1864,  p.  12,  it  may  be  proper  to  state  that  by  the  term 
"  radii  of  gyration  of  the  primitive  rings,"  was  meant  the  radii 
of  gyration  of  homogeneous  circular  rings,  or,  in  other  words, 
the  radii  of  the  circumferences  which  bisect  the  circular  intervals 
between  the  orbits  of  Neptune  and  Uranus,  Saturn  and  Jupiter, 
&c.  The  formula  was  given  as  empirical,  in  the  hope  that  it 
might  suggest  a  true  law  of  nature,  if  not  found  itself  in  strict 
harmony  with  observation. 

In  the  article  referred  to,  the  writer  suggested  the  hypothesis 
of  the  contemporaneous  formation  of  the  different  memoers  of 
our  planetary  system.  Some  additional  considerations  bearing 
on  this  subject  may  not  be  destitute  of  interest. 

The  radius  of  gyration  of  the  sun,  regarded  as  a  homogeneous 
sphere,  is  0'002936 ;  the  unit  being  the  mean  distance  of  the  sun 
from  the  earth.  If  we  designate  by  K  the  principle  radius  of 
gyration  when  the  rotation  period  was  the  same  as  Neptune's 
orbital  revolution,  we  shall  have 

25d-825:  60126*i-7::  (0002936) « :  K^  whence  K  =  0148. 
But  the  radius  of  gyration  of  a  homogeneous  sphere  filling  Nepn 
tune's  orbit  is  18974.  Hence  we  infer  that  before  the  formation 
of  the  planets  the  condensation  of  the  solar  spheroid  had  ad- 
vanced much  more  rapidly  about  the  center  than  toward  the  sur- 
face.* The  consequent  tendency  to  unequal  velocities  of  rota- 
tion would  produce  a  divellent  force,  thus  separating  the  nucleus 
from  the  outer  parts,  and  also  breaking  up  these  exterior  por- 
tions into  distinct  zones  or  annuli.  As  subsequent  condensation 
would,  to  some  extent,  increase  the  rotary  velocity  of  the  nu- 
cleus, the  primitive  circle  of  division  between  the  latter  and  the 
surrounding  nebulous  mass  must  have  been  somewhat  eitterior  to 
the  present  circle  of  equilibrium  between  the  centripetal  and 
centrifugal  forces.  The  points  in  the  revolving  nebulous  matter 
at  which  the  planetary  formations  would  originate,  were  deter- 
mined by  certain  conditions  which  in  the  present  state  of  our 
knowledge  we  are  unable  to  define.  It  is  not,  however,  an  im- 
probable assumption  that  the  intervals  between  the  orbits  of 
such  nuclei  would  be  arranged  in  regular  order.  This,  in  fact, 
is  found  to  be  the  case,  at  least  approximately,  in  regard  to  Ju- 

'  This  fact,  together  with  its  cause,  as  the  writer  has  recentlj  learned,  was  stated 
by  Prof.  Stephen  Alexander,  at  the  Montreal  Meeting  of  the  Am.  Assoc  for  the 
Adv.  of  Sci. 


Digitized  by  VjOOQ IC 


D.  Kirkwood  on  PlanHary  Distances.  OT 

piter's  satellites.    The  differences  between  the  radii  of  the  orbits, 
coniinencing  with  the  greatest,  are, 

11-64811,  5-72677,  and  8-57494. 
But  while  the  first  is  almost  exactly  double  the  second,  the  sec- 
ond is  less  than  double  the  third.  In  other  words,  as  in  the  case 
of  Mercury,  the  theoretical  distance  of  the  innermost  satellite  is 
somewhat  greater  than  the  actual  distance.  Now,  if  the  original 
intervals  constituted  an  exact  geometrical  progression,  can  a 
probable  reason  be  given  for  the jore^ewi  deviation?  We  reply 
(1)  that  in  the  case  of  the  primary  system  considerable  masses 
of  meteoric  matter  are  believed  to  be  still  revolving  within  the 
earth's  orbit ;  portions  of  which  are  exterior  to  Mercury,  and 
some  even  beyond  the  orbit  of  Venus ;  (2)  that  if  the  Nebular 
Hypothesis  be  true,  the  primitive  constitution  of  the  secondary 
systems  was  probably  similar ;  (8^  that  in  any  system  an  increase 
of  mass  in  the  central  body  would  diminish  the  orbits  of  the  sat- 
ellites; and  (4)  that  the  contraction  of  meteoric  rings  until  por- 
tions originally  exterior  to  a  given  orbit  had  become  interior^ 
would  obviously  have  the  same  effect  In  the  manner  thus 
indicated,  the  distance  of  the  innermost  satellite  may  have  been 
diminished,  and  thus  the  original  interval  between  the  first 
and  second  orbits  increased.  The  same  explanation  applies  to 
Mercury.* 

With  an  interval  =  11*64811  between  the  third  and  fourth 
satellites,  and  a  ratio  =  J,  we  find  8-70213  as  the  limit  at  which 
the  central  body  separated  from  the  exterior  mass.  This  is  a 
little  beyond  the  present  circle  of  equilibrium  between  the  cen- 
trifugal and  the  centripetal  forces,  the  radius  of  this  circle  being 
2-299. 

THK    8ATURNIAN    SYSTEM. 

In  the  primary  system*  and  also  in  that  of  Jupiter,  we  have 
found  that  the  original  circle  of  separation  between  the  nucleus 
and  the  surrounding  mass  was  a  little  exterior  to  the  present 
circle  of  equilibrium  between  the  two  central  forces.  This  is 
what  ought  to  be  expected,  as  the  contraction  of  the  nucleus 
would  accelerate  the  rotation.  For  Saturn,  however,  we  found 
the  primitive  circle  of  equilibrium  less  than  the  present;*  but  in 
this  calculation  no  allowance  was  made  for  the  contraction  of 

'  This  explanation,  it  must  be  confessed)  is  apparently  inconsistent  with  the  con- 
dnsions  of  Leverrier  in  regard  to  Mercury's  motion.  Tlie  distinguished  director  of 
the  Paris  ObeerTatorj  ''has  found  that  Mercury's  mean  motion  lias  gone  on  dimin- 
ishing ;  as  if  the  planet  were,  in  the  progress  of  his  revolutions,  receding  further 
from  the  sun.  ThM  is  expUiined,  if  we  suppose  that  there  is,  in  the  region  of  Mer- 
cury, a  resisting  medium  which  moves  round  the  Sun  in  the  same  direction  as  the 
Planete  moveS^  Wheweld  Bint,  of  the  Ind,  Set.,  8rd  ed.,  vol.  i,  p.  660— Perhaps 
no  satisfactory  determmation  of  the  facta  can  be  reached  without  long  continued 
observations. 

'  This  Journal  for  July  1864,  p.  18.  *  Ib^  p.  16. 
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the  orbits  of  the  innermost  satellites.  If  the  radius  of  gyration 
for  Mimas  and  Enceladus  was  diminished  in  a  ratio  equal  to  the 
mean  of  those  obtained  for  Mercury  and  the  innermost  satellite 
of  Jupiter,  it  was  originally  8*8720.  Adopting  this  value  and 
interpolating  the  two  missing  terms,  we  have  the  following  ele- 
ments conforming  to  our  hypothesis: 


SATELLITES  OF  SATURN. 


Namet. 


m.j 


Japetus, 

Hyperion, 
Titan, 

Rhea, 

Dione, 

Tethys, 

Enceladus, 

Mimas, 


DifUnoat. 


64859 
48  6203 
26029 
20-706 
11-958 
8-982 
6-899 
4-9926 
4H)819 
8-1408 
Ac 


Rad.  of  Gvr.  of 
InterTftlff. 


54-9764 

22-9694 

105540 

5-7890 

8-8720 
Ac 

Limlt=2-«862 


Intecrals. 


820070 

12-4164 

4-8160 

1-8670 
Ac 

0-0000 


The  ratio  of  the  ascending  series  of  intervals  is  2*578+. 
These  ratios  in  the  systems  of  Jupiter  and  Saturn  are  to  each 
other  inversely  as  the  orbital  velocities  of  the  two  planets.  The 
distance  from  the  center  of  Saturn  at  which  a  satellite  would 
complete  its  orbital  revolution  in  the  present  period  of  the 
planet's  rotation  is  2  0075,  The  distance  at  whicli  the  nucleus 
originally  separated  from  the  surrounding  mass  has  been  found 
(theoretically)  somewhat  greater,  as  it  ought  to  be,  viz.,  2-6862. 

If,  then,  the  arrangements  of  the  Saturnian  System  should 
not  be  admitted  as  confirmatory  of  the  empirical  order  of  dis- 
tances, we  may  at  least  conclude  that  it  is  not  incompatible  with 
it.  The  exact  coincidences  are  of  course  produced  by  the  inter- 
polation of  the  two  terms.  With  these,  our  formula  gives  three 
equations  with  three  unknown  quantities,  and,  consequently, 
whatever  the  distances  of  the  known  satellites,  the  roots  of  these 
equations,  whether  real  or  imaginary,  must,  in  an  algebraic  sense, 
satisfy  the  conditions.  At  the  same  time  it  is  easy  to  perceive 
that  these  algebraic  results  might  be  decidedly  unfavorable  to 
the  proposed  hypothesis. 

The  tendency  in  a  rotating  nebula  to  unequal  angular  veloci- 
ties, resulting  from  the  increased  rapidity  of  condensation  from 
the  equator  toward  the  center,  may,  perhaps,  also  account  for 
the  phenomena  of  spiral  nebulae.  I^  in  a  contracting  mass  of 
vapor,  a  free  motion  of  the  particles  among  themselves  be  estab- 
lished before  the  centrifiigal  force  becomes  equal  to  the  centrip- 
etal, a  spiral  convergence,  like  that  of  No.  61  in  Messier's  cat- 
alogue, would  naturally  ensue. 
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Finalljr,  if  the  original  constitution  of  the  Solar  and  Satornian 
Systems  wi»  such  as  we  have  supposed,  can  any  probable  reason 
be  given  why  the  satellites  of  Jupiter  should  be  found  an  ex- 
ception ?•  It  may  be  worthy  of  remark  that  if  these  bodies,  or 
the  rings  from  which  they  were  derived,  were  originally  double, 
the  proximity  of  the  members  was  such  that  they  might  be 
brought  into  collision  by  perturbation,  while  in  the  gaseous 
state.  The  ratio,  moreover,  of  the  ascending  series  of  intervals 
is  considerably  less  than  in  the  case  of  Saturn,  and  much  less 
than  in  the  primary  system. 


Art.  X. — Caricography  ;  by  Prof.  C.  Dewey. 

(Continaed  from  toI.  zzzv,  p.  60, 1868.) 

Na  281.     Carex  conjuncta,  Boott,  Illust.  No.  282. 
vidpinoj  SuUivant,  Carey,  Dewey. 

Spica  composita  oblonga;  spiculis  ovaiis  sessilibus  supernfi 
staminifer-is  et  aggregatis,  infern^  laxis  ssepe  sub-ramosis  et  sub- 
remotis,  bracteatis;  fructibus  dhtigmaticis  ovatis  acutis  brevi- 
rostratis  bidentatis  stipitatis  et  interdum  sub-cordatis  margine 
subscabris  divergentibus,  squamam  ovatam  acutam  paulo  super- 
antibus;  spica  plantaque  pallido-viridi ;  culmo  1-3  pedali  late- 
triquetri,  cum  foliis  sub-radicalibus  et  longis. 

This  form  was  discovered  some  years  since  in  Ohio,  ai^  named 
by  Mr.  SuUivant,  after  the  European  plant,  C.  vulpina  of  Lin- 
Dfleus.  So  it  was  held  to  be  by  Mr.  Carey  and  others,  and  under 
that  name  described  in  this  Journal,  vol.  viii,  p.  848, 1849.  Dr. 
Boott,  however,  thought  it  diflFered  from  C.  vulpina,  and  gave  it 
the  name  above.  The  figures  in  the  Illustrations,  No.  282,  were 
taken  from  plants  collected  near  Columbus,  Ohio,  and  fully 
resemble  those  from  Menard  Co.,  111.,  now  before  me. 

In  the  Illustrations,  Dr.  Boott  gave  the  following  particulars 
in  which  this  plant  diflFers  from  the  European  C.  vulpina^  viz:  a 
very  '*  acute-angled  and  flaccid  culm,"  sheaths  of  the  leaves  trans- 
versely corrugated,  spike  more  lax  and  pale,  inflorescence  of  a 
pallid  color,  and  its  general  appearance  and  habit.  These  or 
similar  characters  show  the  great  difterence  between  C.  cephalo- 
phora  and  C,  Leavcnworthii,  and  doubtless  should  be  considered 
impqrtant  and  distinguishing,  even  when,  as  in  this  case,  the 
characters  taken  from  the  inflorescence  are  so  nearly  the  same. 

This  species  resembles  C.  ^arganioides,  but  its  nerved  fruit 
separates  it;  as  does  the  form  of  the  fruit  from  C.  stipata.  The 
q)ecimens  of  C.  vulpina,  i.,  from  England,  Germany,  and  Swe- 

*  For  some  soggestioos  in  regard  to  Mercury,  see  this  Joor.  for  July,  1864.  p.  18. 
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den,  have  an  inflorescence  more  compact  and  reddish  broum;  and 
the  plant  generally  haa  a  deeper  green,  and  is  also  stouter. 

282.     a  glabra,  Boott,  Illust.  No.  229. 

Spicis  distinctis  cylindraceis  pedunculatis ;  terminali  stamin- 
ifera,  interdum  ad  apicen  vel  basin  pistillifera,  vel  in  medio ; 
spicis  pistilliferis,  3-4,  sub-laxifloris,  bracteatis,  infern^  longo- 
pedunculatis  et  nutantibus ;  fructibus  tristigmaticis  ovalibus  sub- 
inflatis  et  infern6  teretibus,  supern^  conicis  brevi-rostratis,  biden- 
tatis  glabris  nervosis,  squamam  oblongam  sub-aoutam  vel  lance- 
olatam  multo  superantibus ;  planta  pallida  et  glabra. 

Culm  1^  foot  nigh,  slender,  erect,  leafy  toward  the  root ;  stam- 
inate  spike  slender,  sometimes  with  a  few  fruit  at  the  apex,  in 
the  middle  or  at  the  base ;  pistillate  spikes  8-4,  cylindric,  slen- 
der, rather  loose  flowered,  on  slender  peduncles  with  sheathing 
bracts  which  equal  the  culm  nearly;  stigmas  3;  fruit  oval, 
tapering  below  and  conic  above,  smooth  and  glabrous,  nearly 
twice  longer  than  the  oblong  acutish  scale  which  is  white  on  the 
margin  and  green  on  the  back :  whole  plant  light  green. 

This  plant  is  the  well-known  glabrous  form  of  C.  flexuosa, 
Schk.,  the  C.  debilis,  Jfe.,  and  blended  with  it  till  Dr.  Boott  sep- 
arated them  in  1860.  More  than  40  years  ago  it  was  in  our 
country  commonly  labelled  from  fig.  124,  Schk. 

288.     C  Magellanica,  Lam.  1789,  and  Schk.,  1802.  Boott,  No.  199. 
C.  limosa,  var.  irrigua,  Wahl.  1803 ;  Dewey,  1826. 
C*  paupercula,  Mx.  1803,  and  Torrey,  1843,  and  Boott. 
C.  irrigua,  Smith,  English  Botany,  1845. 

Spicis  pedunculatis  cylindraceis  vel  brevi-oblongis  ferrugin- 
eis;  terminali  vulgo  staminifera  brevi,  raro  apicen  pistillifera; 
spicis  pistilliferis  1-3,  subremotis  recur vo-pedunculatis,  bracteatis, 
laxifloris,  interdum  basin  stameniferis ;  fructibus,  tristigmaticis, 
longo-rotundis  obovatis  sub-triquetris  vix  rostratis  ore  integris 
stipitatis,  squama  ovato-oblonga  acuta  vel  lanceolata  brevioribus ; 
cufmis,  foliis,  bracteisque  glaucis. 

The  stamens  at  the  base  of  the  fertile  spikes  have  not  been 
noticed  by  Torrey,  Carey,  and  others  generally  who  have  col- 
lected the  plant.  They  seem  to  me  to  be  less  common  than  they 
appeared  to  Dr.  Boott,  though  I  find  them,  and  they  were  found 
by  Schk.  The  American  plant  seems  to  be  a  larger  and  stronger 
plant  than  the  European,  even  to  the  European  botanists. 

Though  the  resemblance  of  the  figure  of  C,  Magellanica  in 
Schk.  to  C.  limosa  may  have  been  noticed,  it  was  reserved  for 
Dr.  Boott  to  prove,  by  examination  of  the  specimens  of  Lamarck, 
their  identity  with  common  C.  irrigua  of  Europe  and  North 
America.  Lamarck's  name,  being  the  oldest,  must  be  the 
accepted  name  of  this  species.    It  was  briefly  described  in  this 
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Journal^  volume  x,  page  42,  1826,  under  the  above  name  of 
Wahlenberg. 

In  cold*  marshes  in  the  Northern  atid  Western  States,  and 
Canada. 

284.     a  rarifloroy  Smith,  Eng.  Bot.,  1845, 

C.  limosa,  var.  rariflora,  WahL,  1803  and  Schk,,  1812. 

Spica  terminali  staminifera  brevi ;  spicis  pistilliferis  1-3,  saepe 
2,  linearibus  brevibus  laxifloris  pedunculatis  et  nutantibus,  brae* 
teatis  vix  remotis;  fructibus,  tristiginaticis,  ovatis  oblongis  vel 
ellipticis  triquetria  subcompresais  obtusis  apiculatis  ore  integris, 
squamam  ovatam  obtusam  vel  acutam  sub-fuscam  subsequanti- 
bus ;  planta  glauca  brevi  et  gracili. 

White  Mountains,  N.  H.,  on  borders  of  Blue  Pond — ^Dr.  Bar- 
ratt :  northern  parts  of  Europe  and  America.  As  a  variety  of 
C.  limosa,  this  was  very  briefly  described  in  this  Journal  with 
the  preceding  species. 

In  the  Summa  (p.  233, 1846)  of  the  acute  Fries,  he  has  spoken 
of  this  C.  rariflora,  "quasi  forma  reducta,"  as  if  a  reduced  form^ 
"scarcely  a  span  high,'*  of  his  preceding  species,  C.  Stygia; 
but  C.  Stygia  seems  more  nearly  related  to  0.  limosa,  Z/.,  than  is 
C.  rariflora.  Hence,  we  find  that  Lang,  in  his  Scandinavian 
CariceSj  admits  both  as  proper  species ;  and  he  will  doubtless  be 
approved  by  others. 

iVofe.  The  following  rare  variety  of  C.  limosa  i.,  was  discov- 
ered the  last  summer  by  Rev.  John  A.  Paine,  of  Utica,  who  has 
been  actively  and  successfully  engaged  in  looking  up  the  rare  as 
well  as  the  common  plants. 

C.  limosa^  L.,  var.  Painei,  Dew. 

Culm  with  the  terminal  spike  staminate,  and  one  pistillate 
spike  of  the  common  size  and  form  on  a  slender  or  hair-like 
peduncle,  from  five  to  nine  incihes  long,  rising  from  near  the 
root.  In  one  instance  there  was  a  single  pistillate  spike  on  the 
culm  and  near  the  staminate  spike,  and  the  long  radical  pedun- 
culate spike  as  before.  The  common  form  and  the  variety  here 
described  were  found  growing  on  different  culms  from  the  same 
root 

This  is  a  very  curious  variety,  and  seems  not  to  have  been 
discovered  before.  Dr.  Boott  says  of  the  lowest  pistillate  spike 
of  C.  Magellanica,  "rarius  subradicalis ;"  but  this  is  on  C.  limosa 
and  is  truly  radical,  while  he  has  figured  that  as  subradical  and 
short  pedunculate  instead  of  very  long. 

285.     C.  miraUiy  Dew. 

Spicis  8-5,  longo-cylindraceis  inclusft  pedunculatis  longe-foli- 
oso-oracteatis ;  spicis  staminiferis  1-3,  saepe  2,  approzimatifl,  in- 
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terdum  ad  basin  vel  erga  apicen  pauco  fructiferis,  cum  glumis 
longis  arctis  attenuatis  scabro-subulatis ;  spicis  pistilliferis  1-2, 
laxifloria  suberectis  sub'-remotis  ad  apicen  vulgo  staminiferis; 
fructibus  parvi-ovatis  longo-conicis  vel  lanceolatis  vix  inflatis 
nervosis  vel  striatis  longo-stipitatis  divergentibus  rostratis,  rostro 
profundi-fisso  bicaspidato  interdum  bifurcato  vel  bidentato; 
glumis  fructiferis  lineari-lanceolatis  scabro-subulatis,  fructu  su- 

?)erno  spicae  brevioribus,  fructum  inferiorum  sequantibus,  atque 
ructus  infimos  plus  duplo  superantibus :  culmo  superne  scabro, 
inferne  obtusi  triquetri  et  laevi;  foliis  bracteisque  nodosis  et 
margine  scabris. 

Culm  15-20  inches  bigh,  stout  and  stiff,  triquetrous,  obtuse- 
angled  and  smooth  below  the  lowest  bract,  but  rough  above  it, 
with  long  and  broad  leaves  from  the  base  and  long  leaf-like 
bracts,  longer  than  the  culm,  and  the  lower  the  longer,  both  net- 
veined  and  very  scabrous  on  the  edges;  stiminate  spikes  1-3, 
commonly  2,  long-cylindric,  near  but  the  lower  more  remote, 
covered  with  long  narrow  bristle-form  glumes  attenuate  and 
rough-subulate,  with  a  few  fruit  at  their  base  or  toward  the  sum- 
mit ;  pistillate  spikes  1-2,  often  1,  long  cylindric,  suberect,  exsert- 
pedunculate,  at  their  summit  staminiferous:  stigmas  three; 
fruit  round  and  small  ovate,  long-conic,  diverging,  scarcely  infla- 
ted, long-stipitate,  with  a  beak  deeply  bifid,  sometimes  bicuspid- 
ate  or  bifurcate  or  bidentate  with  scales  ovate  lanceolate,  rough- 
subulate,  shorter  than  the  fruit  at  the  upper  part  of  the  spikes, 
equalling  the  fruit  along  the  lower,  and  sometimes  several,  four 
to  ten,  of  the  lowest  scales  even  twice  as  long  as  the  fruit 
Plant  pale  green. 

In  Greece,  eleven  miles  west  of  Rochester  and  six  south  of 
Lake  Ontario,  in  1829,  by  Dr.  S.  B.  Bradley.  It  was  not  named 
for  a  long  time,  as  its  anomalous  characters  made  more  specimens 
desirable.  But  no  others  have  been  discovered  in  the  vicinity 
of  this  locality,  which  the  clearing  of  the  forest  destroyed.  In 
Belleville,  Canada  West,  in  1863-4  by  John  Macoun,  Esq.  One 
form,  sent  by  him,  accords  with  the  above  description,  especially 
in  the  varieties  of  the  fruit,  of  the  rostrum,  and  the  very  long 
scale  of  the  fruit  at  the  base  of  the  lower  pistillate  spike. 

Dr.  Boott  in  lUust.  No.  58,  refers  this  species  to  C.  aristata, 
jR  Brotvn,  by  a  mistaken*  reference  to  my  description  of  C.  aris- 

*  His  reference,  "  0.  rairata,  2>«wy,  Sill.  Jour.,  xxvii,  240,  y,  49, 48 ;  Wood's  Bot,* 
should  have  been  C,  etritt^Ua,  Dewey,  8ilL  J^  xxviii,  240,  vol.  zlix,  48  p. ;  O.  mircUa, 
Dewey,  W^o^Tm  BoU  Not  only  was  the  Tolume  wrong,  bat  mirata  was  uninten- 
tionally substituted  for  aristata  by  Dr.  Boott,  which  changed  the  whole  subject. 
Indeed  the  full  description  of  C.  aristata,  SilL  J.,  yol.  xxviii,  1835,  referred  to  by  Dr. 
Boott,  was  printed  years  before  I  had  heard  of  G.  mirata,  proving  that  the  descrip- 
tion was  of  G.  aristata  evidently,  and  of  no  other,  it  may  properly  be  added,  as 
I^.  Boott  implies  in  1858. 

If  the  "  Note,"  SilL  Jour.,  xlix,  48, 1845,  is  noticed  with  care,  it  is  obvious  a  tnU- 
take  is  made,  because  the  last  sentence  deniet  what  the  preceding  auertt.    It  will 
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tata,  which  has  no  connection  with  anjr  other  specimens,  and  by 
that  seir-destrnctive  "Note,"  vol.  xlviii,  p.  49. 

When  No.  68  was  published.  Dr.  Boott  had  not  seen  any 
specimen  of  C.  mirata;  but  since  that  time  he  has  seen  two 
specimens  of  it,  which  I  forwarded  to  him,  and  one  of  which 
was  a  present  to  him  from  Dr.  Bradley.  Circumstances  led  me 
to  suppose  he  had  changed  his  opinion  in  consequence;  but  his 
death,  so  unfortunate  for  this  science,  has  prevented  the  publi- 
cation of  the  4th  Part,  which  was  to  contain  it  and  was  known 
to  be  nearly  ready  for  publication.  What  measures  can  be  taken 
to  secure  its  being  printed  and  circulated  ? 

Another  form,  judged  by  Mr.  Macoun  to  belong  to  this  species, 
has  been  provisionally  named 

C,  mirata,  var.  minor,  Dew. 

Staminate  spikes  2-3,  often  8,  long  and  short,  and  scales 
slightly  larger;  pistillate  spikes  1-2,  some  shorter  with  stamens 
at  the  apex,  or  below  it,  or  both,  as  in  C.  mirata,  with  fruit 
slightly  more  inflated,  and  its  scales  generally  shorter  than  the 
fruit;  plant  older,  with  brown  spikes  and  scales. 

In  IJelleville,  C.  W. ;  Mr.  Macoun. 

Note.  C.  rostrata,  i/x.,  commonly  obtained  from  ponds  near 
the  base  of  the  White  Mts.  N.  H.,  was  found  most  abundant  by 
Rev.  Mr.  Paine  of  Utica,  in  August  last,  at  a  pond  or  small  lake 
near  the  well  known  Bald  Rock  or  Mt.  in  the  N.  E.  part  of  Her- 
kimer Co.,  at  the  west  foot  of  the  Adirondack  Mountains.  Muh- 
lenberg had  not  seen  it,  as  he  referred  this  name,  rostrata,  to  his 
C.  tentaculata.  It  was  not  recognized  from  the  time  of  Michaux 
to  1840,  when  it  was  described  in  this  Journal,  vol.  xxxix,  p.  52. 

C.  lenticularis,  i/x.,  was  found  also  by  Mr.  Paine  along  the 
chain  of  the  "  Eight  Lakes,"  in  Herkimer  Co. 

0.  Houghtonii,  Torr.,  has  been  found,  the  last  season,  60  miles 
north  of  Belleville,  by  John  Macoun,  Esq.,  an  active  and  dis- 
criminating botanist.  The  same  species  has  been  found,  the  last 
two  seasons,  by  Rev.  Mr.  Blake,  of  Gilmanton,  N.  H.,  and  in 
Milford,  north  of  Bangor,  Me.  With  great  pertinence  was  it 
named  by  Dr.  Torrey. 

be  rectified  by  the  insertion  of  C.  aristata,  fK>  as  to  read,  "  For  description  and  fi<;- 
ure  of  C.  ariHtnta.  It  Br.^  refer  to  vol.  xxviii,  p.  240«  of  this  Journal ;  tab.  y,  fig.  67. 
This  species  the  fig.  67  finely  represents,  'while  it  i^  very  unlike  0.  mirata,  as  is 
that  description  in  vol.  xxviii.  8o  certain  is  it,  that  the  ''Note**  assumes  the  great 
difierence  between  C.  aristata  and  0.  mirata,  instead  of  uniting  Uiem. 

Ail  Joub.  Sci.— Sxookd  Sbribs,  Vol.  XXZIX,  No.  115.~JaVm  186S. 
10 
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Art.  XI. — On  the  Action  of  Ozone  upon  Insensitive  lodid  and 
Bromid  of  Silver;  by  M.  Carey  Lka.,  Philadelphia, 

A  STATEMENT  has  recently  appeared  in  the  French  scientific 
Journal  Lee  Mondes,  from  which  it  has  been  copied/  to  the  effect 
that  ozone  is  capable  of  giving  sensitiveness  to  insensitive  iodid 
of  silver.  Mr.  J.  P.  Kaiser  states  that  he  has  found  that  certain 
vapors,  such  as  the  vapor  of  benzine,  exercise  a  powerful  effect 
of  this  kind,  converting  one  insensitive  variety  into  one  that 
was  highly  sensitive :  that  he  attributed  this  effect  to  the  ozone 
produced  by  the  contact  of  this  vapor  with  atmospheric  air : — 
that  he  therefore  experimented  with  air  ozonized  by  a  galvanic 
induction  apparatus,  and  found  the  same  results  produced,  but 
in  a  much  more  marked  degree. 

This  statement  was  not  altogether  the  6rst  suggestion  of  the 
matter  which  I  had  seen.  A  French  Photographic  Journal  nar* 
rated,  a  few  months  back,  a  case  in  which  a  photographer,  whose 
plates  had  refused  to  afford  any  image  at  all,  restored  their  sen* 
sitiveness  and  got  them  into  satisfactory  working  order  by  aivor 
ply  generating  ozone  in  the  room.  To  this  latter  statement,  I 
was  disposed  to  attach  little  importance.  But  the  explicit  and 
circumstantial  one  just  above  referred  to,  was  a  different  matter. 

Those  who  put  forth  these  statements  do  not  seem  to  have 
been  aware  of  their  true  importance.  Not  only  would  such  a 
fact  be  of  great  theoretical  interest,  but  its  practical  applications 
would  be  immense,  especially  in  reference  to  out-door  photog- 
raphy, the  easy  execution  of  which  on  wet  collodion  would  at 
once  have  become  practical.  For  plates  could  be  coated  with 
insensitive  iodid  of  silver  in  ordinary  light,  (say,  for  example, 
after  Mr.  Sayce's  formula).  This  plate  could  lie  placed  in  an 
ordinary  dark  slide ;  and  a  vessel  containing  the  means  of  gen- 
erating ozone  could  be  placed  in  the  camera.  On  withdrawine 
the  dark  shutter  from  the  slide,  the  plate  would  be  uncovereo, 
and  exposed  to  the  ozonized  air  of  the  camera.  In  due  time  the 
lens  would  be  uncovered,  and  the  image  allowed  to  fall  on  the 
now  sensitive  surface.  The  development  would  then  be  effected 
in  one  of  Weiske's  developing  cases,  and  thus  the  whole  process 
would  be  reduced  to  the  utmost  simplicitv. 

In  view,  therefore,  of  the  interest  whicn  attaches  to  this  ques- 
tion, I  was  led  to  make  the  following  trials.  In  place  of  usinff 
ozone  generated  by  electricity,  as  done  by  M.  Kaiser,  I  preferred 
to  generate  it  by  chemical  means,  viz :  by  phosphorus,  and  also 
by  the  action  of  sulphuric  acid  on  chameleon  mineral.    As  the 

'  See  British  Joomnl  of  Photogmphy,  1864,  p.  892.  Also  Pboc  MittheiluD^n, 
Nov.  1864,  in  which  it  is  suggested  that  ozoue^iets  by  destroying  a  trace  of  alkaliiM 
iodid  present. 


Digitized  by  VjOOQ IC 


Intensitive  lodid  and  Bromid  of  Silver.  75 

source  of  the  ozone  was  not  the  same  as  that  used  b^  M.  Kaiser, 
my  results  cannot  be  considered  as  strictly  controllmg  his,  but 
the  action  of  ozone  from  the  two  sources  is  so  similar  that  we 
should  naturally  expect  similar  results  in  the  two  cases. 

A.  Ozone  by  phosphorus. 

The  ozone  was  generated  in  a  large  bell  glass,  and  the  experi- 
ments were  not  commenced  till  paper  impregnated  with  starch 
and  alkaline  iodid  exhibited  an  immediate  and  strong  ozone  re- 
action. 

L  Action  on  Iodid  of  Silver, 

Paper  was  plunged  into  an  ordinary  negative  bath,  and  dried. 
Strips  were  immersed  in  solution  of  iodid  of  potassium,  and 
without  leaving  them  in  too  long,  were  next  thrown  into  clean 
water  and  washed. 

(1.)  A  piece  of  this  paper,  thus  imbued  with  washed  insensi- 
tive iodid  of  silver,  was  placed  in  the  ozono  apparatus  for  two 
minutes.  It  was  then  exposed  to  diffuse  daylight  for  six  sec- 
onds. The  application  of  an  iron  developer  produced  no  dark- 
ening whatever.  A  longer  exposure  to  light  was  also  without 
effect  The  paper  was  just  as  insensitive  as  before  being  exposed 
to  the  ozone. 

(2.)  The  effects  of  a  longer  exposure  to  the  ozone  were  next 
tried.  The  paper,  prepared  as  before,  was  exposed  for  half  an 
hour  to  the  action  of  the  ozone,  and  exposed  to  a  moderate  dif- 
fuse daylight  for  twenty  seconds.  The  iron  developer  produced 
no  effect  whatever. 

(3.)  Same  as  (2),  but  exposed  to  light  for  thirty  seconds* 
Besult  as  before. 

(4.)  The  paper  was  prepared  as  before,  but,  after  imtnersion  in. 
the  solution  of  iodid  of  potassium,  the  washing  in  water  was 
omitted,  and  the  strip  was  placed  in  the  ozone  apparatus  just  as 
it  left  the  solution  of  iodid.  The  paper  immediately  changed 
to  a  deep  chocolate  brown,  while  still  in  the  ozone  apparatus. 
This  effect  was  at  once  attributed  to  the  action  of  the  ozone  on 
the  free  alkaline  iodid,  but  to  place  the  matter  beyond  doubt, 
the  paper  was  thrown  into  a  solution  of  hyposulphite  of  soda, 
which  instantly  bleached  it. 

It  seems  hardly  likely  that  this  reaction,  so  well  known,  could 
have  been  mistaken  for  an  indication  of  sensitiveness  to  light. 
Perhaps,  if  the  exposure  to  ozone  had  been  conducted  in  dif- 
fuse daylight  instead  of  in  a  dark  room,  a  careless  experimenter 
might  have  been  misled^  by  the  similarity  of  the  chocolate-brown 
color  produced  to  that  so  often  occurring  in  photography,  into  a 
misapprehension  of  the  agency  at  work,  and  might  have  supposed 
that  the  ozone  had  rendered  the  insensitive  iodid  of  silver  sensi- 
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tive  to  the  diffuse  light  of  the  room.  Such  an  error  seems, 
however,  unlikely. 

(5.)  Paper  was  prepared  as  before,  was  exposed  fifteen  min- 
utes to  the  action  of  ozone,  then  one  minute  to  the  light  of  a 
strong  argand  gas  burner,  one  half  being  protected  from  the  light. 
An  iron  developer  was  then  applied.  No  effect  was  produced, 
nor  could  the  side  exposed  to  the  light  be  distinguished  in  any- 
way, after  the  application  of  the  developer,  from  that  which  had 
not  been  exposed. 

[It  was  previously  ascertained  that  a  sensitized  collodion  plate 
placed  in  the  same  position  as  respects  the  same  liglit,  was  power- 
fully impressed  in  20  seconds,  or  one-third  the  time  just  men- 
tioned.] 

(6.)  Paper  was  prepared  in  the  same  manner,  but  after  placing 
in  the  solution  of  iodid,  and  washing,  it  wa.s  dried,  and  in  this 
condition  exposed  to  the  ozone  for  fifteen  minutes.  Then  to 
the  same  gas  light  for  one  minute,  partly  covered.  Result  same 
as  number  5. 

(7.)  After  treatment  with  silver  and  iodid,  and  washing,  the 
paper  was  exposed  to  ozone  for  fifteen  minutes,  then  to  the  same 
gas  light  as  in  (5)  and  (6)  for  one  minute,  partly  covered.  It 
was  then  developed  with  pyrogallic  acid  to  which  nitrate  of 
silver  and  citric  acid  had  been  added,  and  this  was  kept  on  till 
the  paper  was  blackened  by  the  deposition  of  silver.  Not  the 
slightest  distinction  could  be  traced  between  the  parts  that  had 
been  exposed  to  light,  and  those  that  had  been  produced  by 
thick  yellow  paper. 

II. — Action  on  Bromid  of  Silver. 

(8.)  In  order  to  give  a  greater  variety  to  the  experiments,  the 
bromid  of  silver  submitted  to  trial  was  not  disseminated  through 
paper  as  was  done  with  the  iodid  in  the  foregoing  trials,  but  was 
used  in  a  collodion  film.  For  this  purpose  a  collodion  was  made 
somewhat  similar  in  character  to  that  |)ropo8ed  by  Mr.  Sayce,  in 
which  the  bromid  of  silver  is  suspended  in  the  collodion  with  its 
sensibility  destroyed  by  the  presence  of  a  small  excess  of  alka- 
line bromid.     The  proportions  used  were  as  follows : 

Ether, i  ounce. 

Alcohol, 1      " 

Pyroxylins,         -        -        -        -       10  gra, 
Bromid  of  ammonium,    -        -        -     9    ** 
Nitrate  of  silver,         -        -        -      13J^ " 

These  proportions  leave  a  slight  excess  of  bromid  of  ammo- 
nium present,  which  ensures  that  the  bromid  of  silver  is  in  the 
iosMisilive  form. 

(9.)  A  portion  of  this  collodion  was  poured  on  glass  and  ex- 


Digitized  by  VjOOQ  IC 


Insensitive  lodid  and  Bromid  of  Silver.  77 

posed  to  a  highly  ozonized  atmosphere  for  three  minnteu.  It 
was  then  exposed  to  a  large  gas  light  for  fifty  seconds.  On  the 
application  of  an  iron  developer  no  darkening  was  observable. 

(10.)  In  order  to  aflford  a  term  of  comparison,  a  film  of  ordi- 
nary collodion  was  sensitized  in  the  negative  bath  in  the  usual 
manner,  and  was  exposed  to  the  same  light  for  twenty  seconds. 
On  the  application  of  the  same  developer  it  was  strongly  dark- 
ened. 

(11.)  The  same  collodion  as  in  (9)  was  exposed  to  the  same 
ozonized  atmosphere  for  45  minutes.  It  was  next  exposed  to 
the  same  gas  light  as  (8)  and  (9)  for  thirty  seconds.  Tne  appli- 
cation of  the  developer  produced  no  darkening. 

(12.)  Same  as  (10),  but  exposed  to  light  for  one  and  a  half 
minutes.    Besult  as  before. 

(13.)  Same,  but  exposed  to  light  for  three  minutes.  Result  as 
before.    In  no  case  was  the  sligntest  reducing  effect  produced. 

B.  Ozone  by  cHdLMELEOK  mikebal. 
Action  on  Bromid  of  Silver, 

The  bromid  of  silver  was  used  in  the  same  form  as  before, 
viz:  in  collodion  containing  a  small  excess  of  bromid  of  am- 
monium. I  should  have  mentioned  before  that  the  insensibility 
to  li^ht  of  this  argento-ozonized  collodion  was  first  carefully 
tested  and  proved.  Ozone  was  generated  in  a  closed  box  by 
the  action  of  undiluted  sulphuric  acid  on  chameleon  mineral ; 
the  vessel  containing  which  was  set  aside  for  a  short  time  to  let 
the  purple  vapors  psiBS  off.  It  was  then  set  in  the  box,  and  the 
conaitton  of  the  atmosphere  was  examined  from  time  to  time 
by  appropriate  test  paper. 

(14.)  Before  commencing  with  the  ozone  trials,  a  piece  of  glass 
was  collodionized  with  ordinary  collodion  and  sensitized  in  the 
negative  bath.  It  was  then  exposed  to  a  weak  diffuse  dayli«^ht 
for  thirty  seconds,  after  which  it  immediately  darkened  under 
the  developer.  This  was  to  determine  the  action  and  power  of 
the  light  in  question. 

(15.)  The  collodion  containing  insensitive  bromid  was  exposed 
to  a  weakly  ozonized  atmosphere  for  ten  minutes.  It  was  thea 
exposed  to  the  same  daylight  as  the  ordinary  sensitive  plate 
mentioned  in  (14),  and  for  the  same  time.  An  iron  developer 
was  then  applied,  but  not  the  slightest  indication  of  sensitive- 
ness was  observable. 

(16.)  The  last  experiment  was  repeated  under  the  same  con- 
ditions, but  with  a  treble  exposure  to  the  action  of  the  same  ozon- 
ized atmosphere,  viz:  thirty  minutes  instead  of  ten.  The  ex- 
posure to  light  was  the  same,  and  the  insensitiveness  the  same. 

(17.)  Instead  of  a  weakly  ozonized  atmosphere,  as  in  the  last 
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two  cases,  a  strong  one  was  prepared,  and  a  plate  similarly  pre- 
pared with  insensitive  argento-bromid  collodion  was  placea  ia 
It  ten  minutes.  It  was  then  exposed  to  the  same  light  and 
treated  in  the  same  manner  as  in  the  experiment  immediately 
preceding,  and  with  the  same  results: — not  the  slightest  indica- 
tion of  sensibility. 

In  this  last  experiment,  the  atmosphere  was  ozonized  sufficient- 
ly to  render  iodid  of  potassium  ana  starch  paper  instantly  blue. 
In  the  two  previous,  this  reaction  showed  itself  more  graaually. 

In  remarking  upon  the  experiments  just  detailed,  I  may  ob- 
serve in  the  first  place  that  the  ozone  was  unquestionably  always 
present  in  such  strength  as  to  bring  out  its  marked  chemical 
eflfects.  This  was  demonstrated  not  only  by  its  action  on  the 
characteristic  test  paper,  but  also  by  its  chemical  action  exhibited 
in  experiment  (4). 

Again,  the  experiments  were  tried  in  the  most  varied  ways. 
The  ozone  was  produced  in  two  diflferent  manners,  and  of  varied 
strength.  The  surfaces  to  be  tested  were  also  exposed  for  widely 
varied  times,  from  two  minutes  to  forty-five. 

The  nature  of  the  light  was  also  varied,  experiment  having 
been  made  both  with  daylight  and  artificial  lignt  The  time  of 
exposure  to  light  was  very  various,  and  in  several  cases,  after 
the  first  results  had  been  noted,  the  paper  or  film  still  wet  with 
developer,  was  carried  into  the  light  and  exposed  for  some  time, 
to  see  if  any  faint  sensibility  existed  and  would  manifest  itself 
by  the  prolonged  action  of  light  No  such  result  appeared.  The 
experiments  included  both  iodid  and  bromid  of  silver,  and  both 
paper  (of  which  two  different  sorts  were  intentionally  used)  and 
collodion  were  used  as  the  vehicles  for  the  silver  compound. 

The  result  appears  to  show  pretty  clearly  that  ozone  has  no 
power  of  giving  sensibility  to  insensitive  iodid  or  bromid  of  sil- 
ver formed  in  tne  presence  of  excess  of  alkaline  iodid,  whether 
the  excess  be  left  present,  as  in  the  bromid  experiments,  or  be 
removed,  as  in  those  made  with  iodid.  Or  at  least  that  this  is 
true  in  respect  to  ozone  produced  in  the  two  manners  which  I 
have  described.  If  Mr.  Kaiser  has  really  succeeded  in  sensitiz- 
ing plates  in  the  manner  described  by  him,  I  think  that  result 
might  possibly  be  ascribable  to  some  direct  effect  of  the  induced 
electricity  which  he  employs,  and  not  to  the  ozone  produced. 
But  the  description  of  his  experiments  which  has  reached  me 
in  the  British  Journal  is  so  brief  (no  details  whatever  are  given) 
that  the  above  can  only  be  considered  as  a  mere  suggestion  of 
an  explanation  of  the  opposite  results  obtained  by  him.  The 
whole  subject  is  an  interesting  one,  and  the  effect  of  all  the 
forms  of  physical  force,  especially  electricity  and  heat,  on  the 
silver  hak>i<ls  might  no  doubt  be  advantageously  studied. 
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Abt,  XII. — Prize  for  applications  of  the  Electric  Pile. — Eeieroge- 
ny. — Influence  of  Light  on  Proto-organisms. — Association  for 
the  Advancement  of  Meteorology, — On  Hie  intensity  of  action  of  the 
Soktr  disk* — Acctimation  of  Salmon  in  Australia, — Production 
of  the  Sexes, — Cutting  of  the  Isthmus  of  Suez. — First  idea  of  EleO' 
trie  Telegraphy.  Correspondence  of  Prof.  J.  Nickles,  dated 
Nancy,  France,  Oct,  20,  1864. 

Prize  for  applications  of  the  electric  pile, — The  prize  of  50,000 
francs,  which  was  founded  in  1852  hy  the  Emperor  Napoleon, 
has  just  been  decreed  to  Ruhmkorfif  for  the  induction  appar* 
atus  known  as  '*  Kuhmkorff^a  coil,"  the  mechanism  of  which 
we  were  among  the  first  to  make  known.*  The  committee, 
consisting  of  Messrs.  Pelouze,  Bayer,  Serres,  Becquerel,  H.  St. 
Claire  Deville,  and  others,  was  presided  over  by  Dumas.  We 
make  the  following  extracts  from  his  report : 

*^  Mr.  RuhmkorlF  was  at  first  a  workman  for  some  of  our  best 
constructors  of  physical  apparatus,  afterward  had  his  own  work* 
shop,  and  finally  became  Lead  of  a  house  of  constantly  increas- 
ing celebrity. 

'*His  education  was  gained,  little  by  little,  through  reflection, 
study,  and  the  lectures  of  certain  professors  heard  as  it  were  by 
stealth  in  his  occasional  hours  of  leisure.  Modest,  of  unyield- 
ing perseverance,  and  of  a  self-devotion  which  has  earned  for  him 
the  highest  encomiums,  Mr.  Kuhmkorff  will  ever  remain  the 
type  of  his  class — a  model  for  the  numerous  intelligent  work* 
men  who  fill  the  higher  order  of  workshops  (ateliers  de  precision) 
of  Paris.  To  those,  who,  like  him,  know  how  to  control  their 
desires,  who  faithfully  strive  for  perfection  in  work  and  clearness 
in  conceptions,  who  bend  their  attention  to  one  object,  and  labor 
untiringly  until  a  high  superiority  is  gained  and  also  for  them- 
selves the  satisfactions  of  a  ripe  age,  the  compensation  for  the 
sacrifices  and  privations  of  youth  will  not  be  lacking  in  a  coun- 
try  where,  more  than  ever,  merit  finds  recompense. 

''Since  1851,  Mr.  Buhmkorff  has  devoted  nimself  to  the  con- 
struction and  perfection  of  his  apparatus,  and  he  has  ended  by 
securing  for  it  his  own  name,  by  giving  it  a  scientific  value 
which  no  one  contests,  and  by  rendering  it  of  so  great  power  as 
to  become  a  means  of  numerous  practical  applications. 

"  The  Buhmkorff  apparatus  unites  the  two  forms  of  electricity, 

which  had  been  separated  as  by  an  abyss — the  old  machine  elec?> 

tricity,  characterized  by  a  capability  of  producing  sparks  and  by 

strong  tension,  and  the  electricity  of  the  pile,  characterized  by 

very  feeble  tension  and  by  its  inability  to  produce  true  sparks. 
«    *    #    # 

>  This  Joiania],  1858,  xt,  114 ;  1862,  toI.  xzzia 
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"  If  Franklin's  discoveries  placed  beyond  doubt  the  identity 
of  mechanical  electricity  and  lightning,  there  remained,  never- 
theless, among  the  phenomena  which  accompany  storms,  many 
circumstances  the  explanation  of  which  was  yet  inaccessible  to 
science.  We  must  therefore  regard  as  a  valuble  acquisition  to 
meteorology  the  observation  that  the  spark  of  the  JRuhmkorff 
apparatus  consists  of  two  parts — an  instantaneous  lin#  of  light 
and  an  areola  of  measurable  duration.  The  magnet  divides  the 
latter;  a  breath,  or  any  body  in  motion,  draws  it  out,  and  the 
electric  spark  thus  divided  dontinues  its  route  in  these  two  direc- 
tions at  once,  as  long  as  the  passage  of  the  current  continues 
uninterrupted. 

"In  a  vacuum,  the  electric  spark  develops  light,  and  that 
developed  by  the  Ruhmkorff  spark  takes  different  colors  in  dif- 
ferent gases;  it  brilliantly  illuminates  fluorescent  bodies,  and 
divides  itself  into  parallel  bands  separated  by  dark  spaces  per- 
pendicular to  the  axis  of  the  recipients.  These  colored  lumin- 
ous bands  obey  the  action  of  the  magnet  which  attracts  or  repels 
them,  and  which  impresses  upon  them,  at  the  pleasure  of  the 
operator,  those  movementsof  translation  or  of  rotation  by  means 
of  which  De  la  Rive'  has  reproduced  the  appearances  observed 
in  the  Aurora  Borealis,  justifying,  thus,  the  analogy  recognized 
between  the  electric  light  produced  in  a  vacuum  and  that  of  the 
polar  auroras. 

"  Glass  tubes  illuminated  by  the  same  means  give  out  a  light 
sufficiently  bright  to  be  used  in  mines  that  are  liable  to  explo- 
sion :  they  also  serve  under  water  as  a  lamp  for  divers — ana  in 
surgery,  to  carry  into  the  back  part  of  the  mouth,  and  otheCi* 
cavities  of  the  body,  a  light  which  gives  no  sensation  of  heat 

"The  spark  of  the  Ruhmkorff  apparatus  inflames  combusti- 
bles, and  explodes  fcaseous  mixtures ;  and  it  has  thus  supplied 
to  Lenoir's  gas-engine  the  means  necessary  for  producing  the 
succe&sive  inflammations  to  which  it  owes  its  mecnanical  power. 

"  The  working  of  quarries,  the  boring  of  tunnels,  the  explosion 
of  heavy  charges  in  mines,  give  to-day  regular  employment  to 
the  Ruhmkorff  apparatus.'  Mines  had  been  exploded  previously 
by  the  aid  of  the  pile;  but  the  Ruhmkorff  apparatus  has  left  all 
other  modifications  far  behind,  by  reason  of  the  small  number 
of  elements  which  it  requires — three  instead  of  one  hundred — 
the  power  of  its  spark,  and  finally  the  possibility  of  exploding 
eight  or  ten  mines  at  once.  In  the  expedition  to  China,  in  1860, 
the  Ruhmkorff  apparatus  was  used  to  blow  up,  by  means  of  eight 
mines  simultaneously  exploded,  the  principal  fort  of  the  Peiho, 
as  well  as  the  iron  stockade  at  the  bottom  of  the  river." 

Dumas  then  reviews  the  principal  applications  of  electricity 
to  Mechanics,  such  as  the  automaiicbreak of  Achard,  the  weaving- 

*  This  Jounial,  1868,  toL  ztL  *  Tbli  Journal,  1854,  Tol.  zrUl 
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looms,  the  pentagraph  of  Caselli,  the  writing  telegraph  of  Pro£ 
Hughes,  etc.  He  then  spoke  of  illumination  by  electricity,  and 
mentioned  the  electric  regulators  of  Staite,  Serrin,  and  Dubosc, 
the  illumination  of  light-houses  by  induction  currents,  observing 
that  successful  experiments  have  been  made  with  it  by  the 
Light-house  Board :  at  Havre,  upon  Cape  de  la  H6ve  it  erected, 
several  yeafs  ago,  an  electric  lighthouse  equivalent  to  8000  Car- 
eel  burners,  by  the  side  of  one  lighted  with  oil ;  the  electric 
light  was  readily  distinguished,  by  its  brilliancy  and  intensity, 
from  its  neighbor  which  appeared  red. 

Under  Medical  electricUy  there  was  a  reference  to  the  observa- 
tions of  Dr.  Duchenne  of  Boulogne  and  those  of  Middledorf,  of 
which  we  have  given  an  account  when  treating  of  Galvano- 
caustic,  and  according  to  which,  by  means  of  platinum  wires 
brought  to  incandescence,  the  tissues  may  be  divided,  and  the 
removal  effected  of  polypi  and  tumors  from  organs  that  are 
deeply  seated  or  otherwise  diflficultly  accessible. 

A  new  competition  will  take  place,  five  years  hence,  to  which 
all  applications  of  electricity  will  be  admitted,  whether  to  medi- 
cine, the  mechanic  arts,  or  industry,  without  distinction  of  origin 
or  of  nationality. 

Heterogeny. — ?rhe  discussion  which  has  existed  for  several 
years  between  the  partisans  of  spontaneous  generation  and  their 
opponents,  is  entering  upon  a  new  phase.  The  two  parties  de- 
sire to  unite  and  experiment  together,  for  it  is  in  that  direction 
that  a  beginning  must  be  made.  Thus  it  has  happened,  as  in 
politics,  at  first  fighting,  then,  conferences  or  conventions. 

Whatever  be  the  opinion  on  this  great  subject  of  generation, 
it  is  impossible  that  new  and  instructive  facts  should  not  be 
brought  out  by  this  convention,  in  which  chemists  of  known 
skill  are  assisted  by  such  physiologists  as  Pouchet  and  Joley. 
There  is  every  reason  to  believe  that  each  party  holds  some 
truth,  and  that  their  differences  have  arisen  from  their  different 
m^hods  of  Experimenting.  At  any  rate,  there  is  no  opportU'^ 
nity  for  temper  in  the  debate.* 

influence  of  light  upon  the  production  of  proio-organisms. — One  ' 
element  of  the  solution  of  this  question  of  heterogeny  resides 
ia  the  sun's  light,  which  produces  some  effects  that  are  not  known 
to  result  from  artificial  light  or  heat,  as  has  been  already  made 
known  by  Messrs.  Pouchet  and  Ch.  Morren.    Some  new  facts  in 

*  Since  the  above  was  xrritten,  several  meetings  have  been  held  at  the  Garden  of 
Plants  in  Paris.  Nothing  has  resulted  from  this  convention  except  the  very  sad  fact 
that  theological  considerationa  seem  to  have  got  the  better  of  the  attentive  observa- 
tion of  facts,  just  as  in  the  time  ef  Galileo.  There  is,  then,  nothing  to  do  but  to  ob- 
serve that  the  savants  have  all  agreed  that  reason,  which  doubts,  observes  and 
studies,  has  nothing  in  common  with  that  kind  of  faith  which  believes  without 
•zamioatioo  and  without  proofo. 

▲m.  Joub.  Sol— Sscohd  Sbbibs,  Vol.  XXXIX,  No.  116^— Jan.,  1865. 
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their  support  have  been  observed  by  Professor  Montegazza  at 
the  University  of  Pavia. 

Two  female  frogs  were  quickly  killed,  by  the  destruction  of 
the  spinal  marrow,  and  placed  in  two  glass  vases  each  of  which 
contained  115  cubic  centigrams  of  well-water  perfecily  transpar* 
ent  and  free  from  all  foreign  bodies.  One  of  these  vases  was 
left  in  diffused  light,  the  other  was  placed  in  a  bof  Vhich  did 
not  permit  a  single  ray  of  light  to  reach  it. 

The  experiment  was  continued  seventeen  months.  It  is  neces* 
sary,  before  giving  the  results  of  this  long  trial,  to  state  that  every 
time  that  the  two  vases  were  compared,  they  remained  exposed 
to  the  air  for  an  hour  or  more,  and  that  the  air  was  renewed  at 
each  observation.  Germs  could,  then,  easily  &11  in ;  and  yet  the 
results  were  very  different  in  the  two  cases. 
The  following  are  the  observed  results : — 

1.  Two  identical  bodies  exposed  to  free  air  may  present  very 
different  phenomena  of  putrefaction,  according  as  they  are  ex- 
posed to  the  influence  of  the  light,  or  shut  off  from  it.  ^ 

2.  The  chemical  and  biological  phenomena  of  the  two  forms 
of  putrefaction  are  very  different,  that  is,  we  have  in  each  case 
some  special  chemical  products,  and  some  peculiar  animal  and 
vegetable  productions. 

8.  In  darkness,  there  was  a  marked  tendency  to  the  production 
of  vegetable  organisnis  and  verv  simple  infusoria;  the  frog  that 
underwent  putrefaction  while  shut  off  from  the  light  produced 
only  some  Muoedines,  Monads  and  Vibrios;  while  the  other 
afforded  a  very  complicated  fauna — Bacteriums,  Vibrios,  Spirel- 
las.  Monads  of  different  species,  Amoebas,  Kerones,  Alysum, 
Enchelides,  Trachelius, — and  finally  Infusorians  still  undescribed, 
much  resembling  the  Zoosperms  of  the  Tritons. 

4.  The  abundance  and  superior  organization  of  the  Infusoria 
depend  much  more  upon  the  progress  of  the  putrefaction  than 
npon  the  amount  of  putrescible  matter.  The  more  simple  spe- 
cies always  appear  first. 

5.  The  production  of  species  of  Bacterium  takes  place  many 
times  during  the  course  of  a  long  putrefaction. 

6.  When  the  liquid  presents  a  new  fauna,  the  new  species  are 
from  the  outset  represented  by  a  number  of  individuals  at  once ; 
from  one  day  to  the  next,  they  are  simultaneously  produced. 

7.  In  the  course  of  a  long  putrefaction,  there  are  some  genera- 
tions which  endure  for  some  days ;  others  exist  for  a  much  longer 
time. 

8.  Rapid  changes  in  the  chemical  composition  of  a  putrescible 
liquid  are  always,  or  nearly  always,  followed  by  new  sets  of  ani- 
mal and  vegetable  microscopic  life. 

9.  When  circumstances  are  little  favorable  to  heterogeny  in  a 
very  long  putrefaction,  there  may  be  intervals  of  time  of  greater 
or  less  length,  in  which  the  liquid  presents  no  organism.    Who- 
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ever  should  content  himself  with  observing  at  such  a  moment, 
might  say  that  tliere  had  been  no  generation ;  while  some  days 
before,  or  some  days  after,  there  had  been,  or  there  would  be,  a 
very  abundant  production  of  vegetables,  or  of  animals,  or  of 
both  at  once. 

From  all  the  comparative  tables,  I  select  an  observation  made 
on  Novenfber  20th,  after  more  than  seven  months  of  putrefaction. 
Temperature  at  the  time  10°  C. 

Jn  the  light, — The  liquid  had  a  slight  odor  of  boiled  meat — 
On  the  surface  many  very  lively  Kolpodes,  a  great  quantity  of 
Vibrios,  some  Alysca. — Some  Infusoria  which  strikingly  resem- 
ble the  Zoosperms  of  Tritons. — At  the  bottom,  some  dead  Kol- 
podes, and  some  in  the  act  of  multiplying  by  division  into  two 
or  four  individuals.    Many  Vibrios ;  some  Monads. 

In  the  dark. — The  liquid  had  a  very  strong  odor  of  mushrooms. 
— No  organisms;  the  whole  mass  liquid. 

Associaiion  for  the  advancement  of  Metnorology. — This  associa- 
tion, founded  at  the  commencement  of  the  year  1864,  under  the 
presidency  of  Le  Verrier,  is  a  great  success.  It  meets  [)eri- 
odically  at  the  Observatory  of  Paris.  It  has  just  founded  prizes 
for  the  encouragement  of  meteorological  studies,  and  especiall  v 
the  study  of  the  general  movements  of  the  atmosphere.  All 
meteorologists  are  admitted  to  competition,  without  distinction 
of  nationality. 

The  following  are  some  of  the  details  of  the  programme : 

"According  to  the  generally  received  opinion,  the  storms  of 
the  coasts  of  France  come,  already  formed,  from  the  Atlantic. 
An  extended  series  of  meteorological  observations  made  over 
this  vast  sea,  is,  then,  the  necessary  basis  of  the  work  proposed 
for  the  principal  prize.  This  prize  will  be  of  4000  francs.  The 
memoirs  must  be  delivered  to  the  Secretary  of  the  Society  be- 
fore December  81st,  1865. 

"  A  sum  of  8000  francs  will  be  divided  between  the  authors 
of  the  best  observations  made  at  sea,  or  in  places  little  known 
in  a  meteorological  point  of  view. 

"Finally,  two  prizes,  of  500  francs  each,  are  offered  for  the 
best  memoirs  upon  the  application  of  Meteorology  to  agricultural 
questions  The  prizes  of  800  and  500  francs  may  consist  of  in- 
struments for  observation.'' 

Upon  t/ie  intensity  of  action  of  different  parts  of  the  solar  disk,-^ 
With  regard  to  the  late  researcnes  by  Secchi— according  to 
which  the  calorific  radiation  of  the  center  of  the  solar  disk  is 
greater  than  that  of  the  borders,  nearly  in  the  ratio  of  2 : 1,  Mr. 
Volpicelli  writes  that  the  fact  was  very  exactly  observed  in  1614 
by  iiuc  Valerio,  a  mathematician  of  Naples,  author  of  a  work, 
De  centra  gravitatis  solidorum^  and  of  another  De  quadratura  para- 
bolce.per  simplex  falsum.  He  was  a  professor  in  the  Boman  Uni- 
versity, and  has  been  called  the  Archimedes  of  his  age. 
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In  one  of  his  letters  to  Galileo,  Luc  Valerio  considers  the  rays 
proceding  from  the  central  part  of  the  solar  disk  as  the  more 
active. 

Analogous  facts  have  been  observed  by  Mr.  Boscoe,  according 
to  whom  the  center  of  the  disk  exerts  a  more  intense  chemical 
action  than  the  borders.  He  has  also  observed  that  the  south 
polar  zone  is  more  active  than  the  north. 

Acclimation  of  Salmon  in  Auslralia. — Recent  experiments  car- 
ried forward  by  the  Acclimation  Society  have  shown  that  it  is 
possible  to  transport  to  distant  countries  the  eggs  of  fertile  fishes. 
One  of  its  members,  Mr.  Millet,  having  observed  that  melting 
ice  diminished  the  pulsations  of  the  young  fish  of  the  Salmon- 
idsd  and  delayed  the  hatching  of  the  eggs,  took  the  idea  that  this 
method  would  serve  for  the  transportation  of  eggs  of  the  Sal- 
monidsd  to  Australia  and  Tasmania.  The  plan  has  succeeded, 
in  spite  of  damaged  eggs;  a  very  large  number  have  arrived 
there  in  a  healthy  state,  and  have  been  deposited  in  the  rivers. 
Starting  from  London  on  January  15th,  1864,  the  eggs  arrived 
at  MelbK>urne  on  April  5th,  and  at  Hobart  Town,  (Tasmania,) 
on  the  28d.    Everything  indicates  success. 

Similar  attempts  have  been  made  in  the  French  possessions  in 
Algeria,  the  rivers  of  which  are  very  barren  of  fish.  Eggs  of 
salmon  and  trout  have  been  carried  there  from  Huningne  (Haut- 
Ehin),  where,  as  we  have  previously  seen,  are  found  the  prin- 
cipal basins  for  pisciculture.  In  spite  of  the  differences  of  climate, 
these  eggs  have  arrived  safely,  and  have  hatched  in  the  basins 
prepared  for  them ;  they  already  begin  to  people  the  rivers.  It 
IS  a  result  of  no  moderate  interest  to  see  the  salmon  of  the 
Rhine  and  the  trout  of  the  Vosges  transported  to  Africa,  Aus- 
tralia, and  Tasmania,  and  living  and  becoming  acclimated  there. 

Production  of  the  sexes, — What  are  the  causes  of  the  production 
of  the  sexes?  This  question,  which  has  occupied  the  earnest 
attention  of  physiologists,  has  been  thoroughly  studied  by  Mr. 
Thury,  according  to  whom  the  product  is  always  of  the  male 
sex  when  the  fertilization  of  the  ova  occurs  at  complete  matur- 
ity, and  is  always  female  when  it  takes  place  at  a  less  advanced 
period. 

There  is  a  very  simple  way  of  solving  this  problem.  It  is  to 
select  for  experiment  species  that  come  to  maturity  in  succession, 
and,  that  during  a  single  impregnation,  fertilize  the  whole  series  of 
ova  which  detach  themselves  from  the  ovary  during  a  period  of 
eight,  ten,  twelve,  fifteen,  or  even  eighteen  days.  We  know, 
indeed,  that,  in  the  case  of  the  hen,  a  single  coupling  suffices  for 
tlie  fertilization  of  five,  six,  or  seven  eggs  which  she  is  about  to 
lay  and  which  are  arranged  in  her  ovary  in  the  order  of  their 
maturation.  Now,  in  such  a  case,  if  the  theory  is  exacts  the  first 
egg  laid  ought  always  to  produce  males  and  the  others  females 
without  any  possibility  of  the  inversion  of  this  order. 
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This  is  very  near  what  has  been  observed  by  Messrs.  Costo 
and  Gerbe : 

A  hen,  separated  from  the  cock  at  the  time  of  her  first  laying 
this  year,  gave  five  fertile  eggs  in  the  space  of  eight  days. 

The  egg  laid  on  March  16th  produced  a  male ;  that  on  March 
17th  a  male ;  that  on  the  18th  a  female ;  that  on  the  20th  a  male ; 
that  on  the  22d  a  female. 

A  characteristic  fact  in  this  experiment  is  the  production  of 
a  male  after  a  female,  which  ought  not  to  have  taken  place 
according  to  the  theory.  But  is  it  only  a  simple  exception  r  Or 
is  it  necessary  to  consider  the  fact  a  radical  objection  ?  We  mny 
learn  by  and  by  on  ihis  point,  from  the  researches  in  which  Mr. 
(}erbe  is  now  engaged. 

On  the  occasion  of  the  preceding  note,  Flourens  recalled  an 
experiment  which  he  made,  thirty  years  ago. 

"Aristotle  had  observed  that  the  pigeon  ordinarily  lays  two 
eggs,  and  that  of  these  two  eggs  one  commonly  produces  a  male 
and  the  other  a  female.  He  wished  to  know  which  was  the  eeg 
that  gave  the  male,  and  which  the  one  that  produced  the  female. 
He  found  that  the  first  egg  always  gave  the  male,  and  the  second 
the  female.  I  have  repeated  this  experiment  as  many  as  eleven 
times  in  succession,  and  eleven  times  in  succession  the  first  egg 
gave  the  male  and  the  second  egg  the  female.  I  have  seen  again 
that  which  Aristotle  saw." 

Culling  of  the  Isthmus  of  Suez. — The  almost  certain  success  of 
the  canal  across  the  Isthmus  of  Suez  fixes  attention,  more  than 
ever,  upon  other  projects  of  the  kind.  The  cutting  of  the  isth- 
mus of  Malacca  and  of  that  of  Darien  await  onlv  the  completion 
of  the  Suez  ship  canal.  In  France,  they  are  talking  of  uniting 
the  Atlantic  Ocean  with  the  Mediterranean  by  a  ship  canal  which 
would  borrow  part  of  its  route  from  the  old  Southern  Canal.  In 
Holland,  a  society  is  incorporated,  under  the  title  of  a  **  Com- 
pany for  the  cutting  of  the  isthmus  of  Holland,"  to  establish  a 
canal  joining  Amsterdam  and  the  North  Sea  by  a  direct  route, 
while,  at  the  same  time,  the  Dutch  government  has  undertaken 
to  establish  another  navigable  route  from  Rotterdam  to  the  sea. 

A  new  project  is  presented,  which,  if  realized,  will  complete 
the  series  of  maritime  communications  in  the  north  of  Europe. 
It  is  proposed  to  establish  a  canal,  navigable  for  ships  of  war 
and  commerce,  between  the  North  Sea  and  the  Baltic,  to  avoid 
making  the  passage  of  the  Danish  islands.  This  project,  often 
thought  of,  IS  now  very  seriously  considered. 

Finally,  they  are  speaking  of  cutting  one  other  isthmus,  and 
this  time  it  is  Spain  which  has  the  honor.  It  is  proposed  to 
pierce  the  Spanish  isthmus  in  such  a  way  that  Gibraltar  will  be 
an  island.  The  canal  is  to  start  from  Trafalgar  and  end  at  An- 
dalusia. This  canal,  which  would  cost  hardly  a  hundred  millions 
of  francs,  has  for  its  object  to  prevent  more  than  4000  vessels 
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every  year  from  lying  to  before  the  strait  of  Gibraltar  without 
power  to  get  out. 

This  project  is  just  now  submitted  to  the  examination  of  the 
Spanish  government,  as  well  as  to  some  others,  such  as  the 
English  and  French  governments. 

First  idea  of  an  eUclric  telegraph, — ^This  first  idea  was  brought 
forward  in  the  16th  century  in  an  anonymous  work  published  at 
Bouen  at  that  time.  The  question  has  already  been  discussed 
here.  A  discovery  has  just  been  made  of  a  letter  of  a  clerk, 
the  abbd  of  Barth^lemy,  well  known  as  a  literary  man.  He 
writes  to  Madame  du  Dessaud,  April  8th,  1772 : — 

**  I  think  often  of  an  experiment  which  would  give  us  happi- 
ness. They  say  that  with  two  clocks  whose  hands  are  magnet- 
ized it  is  sufficient  to  move  the  hands  of  one  lor  those  of  the  other 
to  take  the  same  direction,  so  that  causing  one  to  strike  twelve  the 
other  will  strike  the  same  hour.  Suppose  that  we  could  perfect 
artificial  magnets  so  that  their  power  would  communicate  itself 
from  here  to  Paris :  you  would  have  one  of  these  clocks,  we 
would  have  another ;  upon  the  dial  we  should  have  the  letters 
of  the  alphabet.  .  .  .  You  perceive  that  we  could  thus  facili- 
tate the  operation ;  the  first  movement  of  the  band  might  sound 
a  bell  which  would  announce  that  the  oracle  was  about  to  speak." 

Bibliography, — Among  recent  publications  by  Hachette,  at  Paris,  are 
the  following : 

Les  Assolements  et  Us  Sysiemes  de  Culture^  par  M.  Heuzey ;  1  vol., 
8?o,  640  pp. — This  ^ork  contains  the  lectures  delivered  by  Mr.  lleuzey 
at  the  Imperial  School  of  Agriculture  at  Grignon,  of  which  he  is  one  of 
the  most  distinguished  professors.  The  principles  which  are  here  set 
forth  are  applicable  to  all  countries  which  are  to  be  put  under  cultivation. 

Le  Midecin  de$  SalUs  cTAsile,  par  Dr.  Cerise ;  2d  ed.,  8vo,  200  pp. — 
The  *'  Salles  d^asile*'  of  France  are  charitable  institutions  for  the  education 
of  poor  children.  After  a  short  historical  account  of  the  institution  itself 
the  author  proceeds  to  set  forth  the  principles  which  should  ffovera  phy- 
sicians in  their  supervision  of  these  infant  schools  and  all  w*bich  relates 
to  the  care  to  be  taken  of  a  miscellaneous  collection  of  children. 

Ahrigi  de  Oeographie  commerciale  et  indtutrielle^  avec  un  tableau  des 
monnaies^  poids  et  meiures  de  tous  lee  pays,  par  M.  Garden ;  4tb  ed., 
8vo,  400  pp. — While  referring  to  all  countries,  the  author  deals  especially 
with  France,  each  department  of  which  he  describes  fully  as  regards  sta- 
tistics, agricultural,  mineralogical,  metallurgical,  manufacturing  and  com- 
mercial industry,  importation,  exportation,  navigation,  etc. 

La  terre  avant  le  Deluge,  par  Louis  Figuier ;  4th  ed.,  Svo. — ^This  is  a 
popular  work  designed  to  initiate  the  people  of  the  world  in  the  grand 
phenomena  of  geology.  It  is  illustrated  with  many  colored  geological 
maps,  and  more  than  800  figures  and  ideal  views  of  landscapes  of  (he 
ancient  world. 

De  miectriciti  constdirie  eomme  cduse  princtpale  d*l  action  det  eaux 
tnin^les  sur  rorganisme,  par  Dr.  Scoutettin ;  Svo,  420  pp.  The  mate- 
rial which  mineral  waters  hold  in  solution  being  often  in  insufBciont  pro- 
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poKiont  to  Account  for  their  beAlth-giTing  effects,  the  author  has  recourse 
U>  aoother  explanation,  viz :  the  electrical  action  \vhich  these  waters  maj 
ezeK  upon  the  human  organization.  We  find  in  bis  work  not  roerelj  a 
simple  ideal  explanation,  but,  on  the  contrarj,  the  recital  of  numerous 
experiments  made  by  the  author  upon  the  principal  mineral  waters  of 
Europe. 

VAstronomie  au  XlXs  stkle,  par  A.  Boillot,  12roo,  340  pp.  This 
work,  written  for  universal  use,  gives  a  verj  faithful  picture  of  the  pro- 
gress which  astronomy  has  made  from  ancient  times  up  to  our  day.  Mr. 
Boillot  is  a  very  distinguished  mathematician  and  makes  astronomy  bis 
&vorit«  study.    His  work  has  been  received  in  France  with  much  favor.* 

Kaney,  Oct  20th,  1864. 


Abt.  XHI. — Discovery  of  Emery  in  Chester^  Massachusetts ;  by 
Charles  T.  Jackson,  M.D.,  Geologist  and  State  Assayer. 

It  has  been  said,  in  England,  that "  a  good  mine  of  emery  is 
worth  more  to  a  manufacturing  people  than  many  mines  of  gold.'' 
Such  being  the  case,  it  affords  me  great  pleasure  to  be  able  to 
annouifce  the  discovery  of  an  inexhaustible  bed  of  the  best 
emery  in  the  world  in  the  middle  of  the  State  of  Massachusetts, 
in  Chester,  Hampden  county,  quite  near  to  the  Western  Rail- 
road, which  with  its  ramifications  leads  to  the  largest  armories 
and  manufactories  of  metallic  articles  in  this  and  the  adjacent 
States.     ' 

For  more  than  two  jrears,  the  existence  of  important  beds  of 
magnetic  iron  ore,  originally  discovered  by  Dr.  H.  S.  Lucas,  has 
been  known,  and  endeavors  were  made  by  that  gentleman  to  or* 
ganize  a  company  for  the  purpose  of  smelting  these  ores.  In 
consequence  of  this  agitation,  I  was  employed  by  John  B.  Tafb, 
Esq.,  on  the  19th  of  August,  1863,  to  examine  the  locality  and 
to  make  report  of  my  results  to  him. 

On  examination  of  my  specimens  of  minerals,  after  returning 
to  Boston,  and  my  notes  for  sectional  profiles  of  the  rock^  strata 
containing  the  iron  ore,  I  found  that  tne  minerals,  margarite  and 
ohloritoid,  in  talcose,  hornblende,  and  mica  slate  rocks,  indicated 
the  occurrence  of  emery,  the  association  of  the  rocks  and  min- 
erals  being  identical  with  conditions  known  to  exist  in  the  local- 
ities of  emery  in  Asia  Minor. 

*  The  foUowiDf  titlet  of  literary  worki  are  also  contaiDed  in  the  letter  of  Mr. 
Kickl^: 

BUUfirt  de  la  LittSrature/ranfoiu,  par  M.  Demogwi;  6th  od^  12mo,  680  ppc 

SUmenU  d€  Rhetoriqus,  par  M.  Filoo;  12mo,  800  pp. 

Let  grrnndf  9eh%ti  de  la  ntUmre,  par  M.  de  Lanoye ;  ISmo. 

Xet  Okamp9  dcr  de  Bendiffo  (Auttrali€%  par  M.  Perron  d*Arc;  12mo,  200  pp. 
A  deecriptioii  of  the  Aostralian  placen. 

Souvenire  ttun  SibSrien,  par  Rufin  Piotrowtkr;  IStno,  200  pp.  Thii  is  a  rerj 
ionehing  recital  of  the  misfortunes  which  affiict  the  tinhappy  Poies,  for  whom  Europe 
has  only  barren  sympathy. 
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I  therefore  called  the  attention  of  the  owners  <^  the  property 
to  these  facts,  and  directed  search  to  be  made  for  emery,  and 
that  every  mineral  resembling  it  should  be  sent  to  me  for  exam- 
ination. Little  attention  was  paid  to  this  prediction  at  the  time, 
and  not  until  I  had  invited  Dr.  Lucas,  wno  resides  in  Chester, 
by  personal  representations  and  solicitations,  to  make  the  required 
search,  the  characters  of  emery  being  fully  described  to  him. 

On  his  return  to  Chester  he  soon  learned  that  the  miners  were 
complaining  of  the  great  hardness  of  the  supposed  iron  ore,  and 
that  no  less  than  forty  drills  were  dulled  in  ooring  a  single  hole 
for  blasting.  He  then  sent  me  pieces  of  this  hard  rock,  in  the 
belief  that  it  was  the  emery  I  had  predicted.  On  examination 
it  was  found  to  scratch  quartz  and  topaz  readily,  and  to  have  all 
the  properties  of  emery ;  a  chemical  analysis  proved  it  to  be 
identical  with  the  emery  of  Naxos. 

The  owners,  resident  in  Boston,  being  notified  of  this  dis- 
covery, went  with  me  to  the  locality  on  the  11th  of  October 
last,  when  a  full  exploration  of  the  premises  was  made.  There 
are  several  large  b^s  of  rich  magnetic  iron  ore  at  this  locality, 
and  the  emery  being  magnetic  (as  it  always  is)  had  caused  it  to 
be  mistaken  for  magnetic  iron  ore,  and  many  tons  of  it  had  been 
smelted  with  the  carbonate  of  iron  and  hematite  in  the  Berkshire 
county  iron  furnaces,  without  a  suspicion,  notwithstanding  its 
refractory  nature,  that  the  ore  was  emery,  with  only  a  small  ad- 
mixture of  iron  ore. 

The  principal  bed  of  emery  is  seen  at  the  immediate  base  of 
the  South  Mountain,  where  it  is  four  feet  wide,  and  cuts  through 
the  mountain  near  its  summit,  at  an  angle  of  70°  inclination  or 
dip  to  the  eastward.  Its  course  is  N.  20°  E.,  S.  20°  W.,  and  its 
known  extent  four  miles.  Near  the  summit  of  Ihe  mountain 
the  bed  expands  to  more  than  10  feet  in  width,  and  in  some  places 
is  even  17  feet  wide. 

The  alternations  of  r6ck  in  two  sections  are  as  follows,  begin- 
ning to  the  eastward : 

1.  a,  Mica  slate ;  6,  15  ft.  soapstone  or  talcose  rock ;  c,  2  feet 
crystallized  talc;  d,  talcose  slate;  c,  1  fk.  granular  quartz;  / 
chlorite  slate;  ^,  4  ft.  Emery;  A,  chloritoid  and  margarite;  t, 
magnetic  iron  ore;  /,  hornblende  rock  highly  crystalline. 

2.  0,  Mica  slate ;  6,  6  ft.  magnetic  iron  ore ;  c,  talcose  slate ; 
d^  6ift.  magnetic  iron  ore;  e,  chlorite  slate;  /,  hornblende  rock, 
crystallized ;  j',  7  ft  Emery^  chloritoid  and  margarite ;  A,  mag- 
netic iron  ore ;  i^  hornblende  rock 

The  elevation  of  the  upper  outcrop  of  this  bed  above  the  im- 
mediate base  of  the  mountain  is  750  feet  There  are  curious 
rounded  masses  of  remarkably  pure  emery  three  feet  in  diame* 
ter  in  this  bed  entirely  invested  with  a  coat  of  delicate  rose- 
colored  margarite,  and  a  thick  layer  of  bright  green  chloritoid, 
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the  investing  coat  being  from  half  an  inch  to  two  inches  in 
thickness.  It  is  found  extremely  difficult  to  break  up  these 
masses  of  solid  emery,  drilling  holes  in  them  for  blasting  being 
very  slow  and  laborious,  and  no  grip  can  be  had  on  their  rounded 
sides  by  the  sledge.  A  heavy  drop  hammer  will  be  required  to 
break  them  to  pieces — or  they  may  be  cracked  by  fire  if  heat 
does  not  iniure  theemerv. 

A  branch  of  Westfield  river  separates  the  South  from  the 
North  mountain,  a  hill  nearly  760  feet  high,  through  the  sum- 
mit of  which  the  great  emery,  bed  also  cuts.  On  this  hill  the 
emery  is  more  largely  crystalline  and  less  mixed  with  magnetic 
iron  ore.  It  is  more  like  corundum,  but  still  contains  the  com- 
bined protoxyd  of  iron,  characteristic  of  true  emery.  Its  spe- 
cific gravity  is  from  3*75  to  8*80,  while  that  from  the  South 
mountain  is  from  402  to  437 ;  Naxos emery  being  from  371  to 
8*72,  according  to  my  trials  of  it,  in  comparison. 

On  the  North  mountain,  three  large  beds  of  rich  magnetic  iron 
ore,  distinct  from  the  ore  accompanying  the  emery,  occur,  the 
ore  yielding  54^  per  cent  of  metallic  iron.  This  ore  is  mined, 
and  is  smelted  into  bar  iron  by  forge  fires,  and  is  also  sold  to 
mix  with  the  hematites  and  carbonates  of  iron  worked  at  the 
Lenox  and  Stockbridge  furnaces. 

Digesting  the  South  mountain  emery  in  fine  powder  with 
nitro-muriatic  acid  and  sulphuric  acid  for  a  long  time,  it  was 
found  that  73  per  cent  of  it  was  wholly  insoluble  in  acids;  and 
on  microscopic  examination  the  grains  were  seen  to  be  translu- 
cent, and  exactly  like  the  Naxos  emery  prepared  in  the  same 
way;  but  these  translucent  grains  are  readily  taken  up  by  the 
magnet  I  therefore  infer  tnat  protoxyd  of  iron  is  a  chemical 
constituent  of  true  emery. 

Chemical  analysis  of  the  coarsely  crystalline  emery  of  the 
North  Mountain,  Chester.    Sp.  gr.  8-75.    H.=9. 

AbmiDa, •  46-60 

Protoxyd  of  iron, 44*00 

tntanicacid, 6-00 

Silica  A  lofli, 4*50 

100^ 

Emery  of  the  South  hill.*    Sp.  gr.  4-02.    H.=9. 

Alumina, 45-60 

Protoxyd  of  irou^ 48*00 

Silica  a  titanic  acid, 11*60 

10000 

Eegarding  the  oxyd  of  iron  which  can  be  dissolved  out  from 
emery  by  acids  as  accidental,  and  that  which  cannot  be  so  re- 
moved as  an  essential  constituent,  we  shall  have  for  the  compo« 

*  The  bighest  specific  grayitj  of  any  sample  from  the  Sooth  mountain  waa  4*8794. 
▲ic  Jour.  Sol— Second  Ssbui ,  Vol.  XXXIX,  No.  115.— Jjlh.,  1866. 
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Bition  of  three  samples  of  emery  analysed,  after  digestion^  m 

acids,  Naxot  b^ 

Chatter,  1.  Chector,  2.  Mleclnd  eineiy. 

Alumina,                   60*4  59*05  628 

Protoxjd  IroD,          896  40-95  87-7 

lUOO  100-00  100-0 

If  this  view  is  adopted,  emery  must  be  ranked  as  a  distinct 
species,  and  not  as  a  mere  granular  form  of  corundum  or  sapphire. 

In  conclusion,  I  would  state  that  practical  trials  pf  the  Unester 
emery,  in  several  of  the  large  armories  and  machine  shops  of  this 
and  the  adjoining  States,  have  proved  it  to  be  fully  equal  in 
value  to  the  well  known  emery  of  Naxos,  which  I  have  no 
doubt  it  will  wholly  supplant  in  this  country,  and  that  it  will 
ere  long  become  an  article  of  export  to  Europe,  either  in  its  na- 
tive form,  or  in  a  manufactured  state. 

It  may  be  proper  to  add,  that  John  B.  Taft,  Esq.,  of  Boston, 
in  behalf  of  his  associates,  owners  of  the  emery  mine,  has  the 
sole  management  of  the  business  connected  with  the  mine. 

I  would  express  my  obligations  to  Mr.  J.  L.  Smith  for  the 
valuable  information  contained  in  his  articles  on  the  emery  of 
Asia  Minor  and  on  the  associated  minerals  of  the  emery  locali- 
ties, published  in  vols.  x.  and  xi.  of  this  Journal.  Also  to  Br. 
H.  S.  Lucas,  of  Chester,  for  kind  assistance  in  the  field.^ 

82  Somerset  St,  Boston,  Dec  12tb,  1864. 


Art.  XrV.—On  the  Solubility  of  the  Sulphate  of  Baryta  in 
Sulphuric  Acid ;  by  Prof.  J.  NiCKLte. 

The  sulphates  of  baryta,  strontia,  and  lime,  are  slightly  sola- 
ble,  as  is  known,  in  boiling  sulphuric  acid.  I  have  found  that 
they  are  soluble  in  cold  acid  when  in  a  nascent  state. 

To  obtain  this  result,  it  is  only  necessary  to  throw  a  little 
chlorid  of  barium,  or  of  strontium,  into  a  sufficient  quantity  of 
monohydrated  acid :  the  chlorid  is  by  degrees  decomposed,  chlor- 
hydric  acid  escapes,  and  the  sulphate  produced  dissolves  in  the 
surrounding  acid. 

This  is  especially  true  for  the  chlorid  of  barium ;  but  to  suc- 
ceed, the  acid  should  be  concentrated,  and  it  is  best  to  have  the 
chlorid  well  dried  and  in  powder.  On  adding  water  to  the  solu- 
tion thus  obtained,  the  sulphate  of  baryta  falls  as  a  white  pre- 
cipitate. 

The  chlorid  of  strontium  gives  the  same  results,  and  the  acid 
solution  affords  a  similar  precipitate  with  water,  though  less  in 
amount,  since  less  is  dissolved. 

^  On  page  87,  the  date  19tb  of  August  should  be  19th  of  October. 
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The  sulphate  of  lime  16  still  less  soluble  in  sulphuric  acid,  and 
the  solution  takes  several  days  to  become  limpid.  Moreover, 
water  does  not  Ihen  bedoud  it ;  a  light  precipitate  is  obtained 
with  alcohol. 

The  solubility  of  these  sulphates  in  sulphuric  acid,  is  then  the 
reverse  of  their  solubility  in  water,  except  for  the  sulphate  of 
strontium,  which,  in  both  cases,  is  a  mean  between  those  of  the 
other  two. 

KaiM^,  Oct  «0, 1B64.  • 


SCIENTIFIC    INTELLIGENCE. 

I.    PHYSI06  AND  CHEMISTRY. 

1.  On  a  new  saecharimeter, — Wild  has  described  a  new  saccharifneter 
«rhich  appeals  to  pof^sera  great  advantages  over  tbe  well-knowti  instru- 
inent  of  Soleil.  In  WildV  apparatus  tbe  incident  light  is  polarized  bf 
means  of  a  Foucault's  cale-spar  prism,  which  is  capable  of  Uing  turned 
round  its  axis,  tbe  amount  of  rotation  being  measured  by  means  of  a 
vernier  appHed  to  a  small  circle  graduated  to  single  degrees.  The  analy- 
zer consists  of  a  modification  of  Savart*s  polariscope,  that  is  to  say,  of 
two  crossed  plates  of  quartz,  each  20mm.  in  thickness,  out  at  an  angle  of 
45^  with  the  optical  axis.  The  fringes  produced  are  viewed  with  a  small 
astronomical  telescope  of  low  power  (objective  SSmm.  focal  length,  ocular 
24mm.  focal  length).  The  telescope  is  adjusted  for  parallel  rajs,  has  cross 
wires,  and  a  NichoPs  prism  in  front  of  the  eje  piece.  The  tube  contain- 
ing the  solution  of  sugar  is  of  course  placed  between  the  polarizer  and 
analyzer.  The  autlior  instituted  comparative  experiments  to  test  the  de» 
gree  of  accuracy  attainable  with  SoleiPs  instrument  and  with  his  own, 
employing  for  the  purpose  a  solution  containing  298  grams  of  cane  sugar 
to  the  litre.  The  mean  error  of  a  single  compensation  in  SoIeiFs  instru- 
ment amounted  to  1',  when  the  eye  was  properly  protected,  while  it 
reached  1^^  by  direct  observation  in  an  ordinary  room  without  exclusion 
of  side  light.  From  this  it  results  that  in  the  most  favorable  ease  there 
is  with  Soleil's  instrument  an  uncertainty  of  ;i::  13*9  gr.  in  a  litre  of  tbe 
solution,  or  rather  more  than  one  percent  With  Wild's  instrument  the 
error  of  observation  with  white  light  amoimtad  to  12',  which  corresponds 
to  an  error  of  dc:2'78  gr.  of  sugar  in  a  litro  of  solution,  and  consequently 
to  a  degree  of  accuracy  five  times  greater  than  with  SoleiPs  apparatus. 
When  this  instrument  was  directed  toward  an  Argand  gas  burner  in  a 
dark  chamber,  and  a  dark  red  glass  was  placed  between  the  eye  and  the 
ocuUr,  the  error  of  observation  amounted  to  only  3'.  Finally,  when  a 
homogeneous  soda  flame  was  employed,  the  error  amounted  to  only  1'. 
In  the  first  case,  the  error  in  the  quantity  x>f  sugar  would  amount  to  ±0*7 
grs.;  in  the  second,  to  only  dbO'2  gr.  in  a  litfcu^ — Pogg,  Ann,^  cxxii,  626. 

w.  o. 

[N^oU. — Wild*s  Saecharimeter,  independently  of  its  purely  technical 

'  wad's  Saecharimeter  can  be  procured  of  Hoffman,  optldsn,  8  Bae  de  Bud,  Pans. 
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uses,  will  £c>nn  a  most  acceptable  additioD  to  pbysical  cabinets.  To  the 
chemist  it  offers  the  most  precipe  method  of  determining  the  rotatory  po- 
larizing powers  of  liquids  at  present  known,  provided  that  homogeneous 
light  be  employed,  since  the  characteristic  lithium,  sodium  and  tiiallium 
lines  afford  perfectly  definite  decrees  of  refrangibility.  In  Broch's  meas- 
urements of  the  rotatory  polarization  in  -quartz  by  means  of  the  fixed 
lines  in  the  spectrum,  the  mean  error  of  a  single  measurement  varied  from 
about  6'  to  at)out  SCy,  according  to  the  refrangibility  of  the  light  In  a 
series  of  neasurements  undertaken  to  determine  the  degree  of  accuracy 
with  which  the  change  of  tint  could  be  determined  in  plates  of  quartz 
placed  between  two  Nichols*  prisms  and  examined  with  white  light,  I 
found,  as  might  be  expected,  that  the  error  of  observation  increased  as 
the  intensity  of  the  incident  light  diminished,  the  minimum  error  of  esti- 
mation being  about  Id'.  Hence  it  appears  probable  that  the  degree  of 
accuracy  attainable  in  Wildes  instrument  might  be  still  farther  increased 
by  Uhing  a  condenser  so  constructed  as  to  give  an  intensely  brilliant  beam 
of  parallel  and  homogeneous  rays. — w.  o.] 

2.  On  tiu  mechanical  energy  of  chemical  action. — Schr59^r  van  dee 
EoLK  has  commujiicated  an  interesting  and  suggestive  menooir  upon  the 
application  of  the  theory  of  mechanical  energy  to  chemical  processes, 
especially  in  connection  with  the  relations  of  chemical  afiSnity  to  heat 
We  shall  endeavor  to  give  some  idea  of  the  train  of  reasoning  in  this  pa- 
per, refening  how-ever  to  the  original  for  more  ample  illustration.  The 
author  m  the  first  place  cites  the  opitiion  expressed  by  H.  Sainte-Clare 
Devillc^  in  his  paper  on  dissociation,  that  all  chemical  compounds  may  be 
resolved  into  their  elements  by  a  sufficiently  high  temperature.  In  some 
eases  the  separated  atoms  reunite  at  a  lower  temperature ;  in  other  casee 
they  remain  separate.  This  gives  us  from  this  point  of  view  two  classes 
of  bodies,  and  tlie  author  connects  the  phenomenon  with  the  facts  ob- 
served by  Favre  and  Silbermann  that  certain  combinations  are  effected 
with  evolution,  others  with  absorption  of  heat  The  relation  between  the 
two  classes  of  phenomena  appears  from  the  following  considerations.  If 
we /Conceive  of  a  body  at  the  temperature  of  0**,  and  then  apply  heat,  the 
body  at  a  definite  temperature  will  have  absorbed  a  definite  quantity  of 
heat  This  heat  is  applied  partly  in  raising  the  temperature,  partly  in 
molecular  changes,  and  partly  in  external  work.  The  entire  quantity  of 
heat  continually  increases  with  the  temperature,  and  heat  is  always  taken 
up  both  in  raismg  the  temperature  and  in  changing  the  state  of  aggre- 
gation from  the  solid  to  the  liouid,  and  from  this  to  the  gaseous  condi- 
tion. To  find  the  quantity  of  heat  in  the  body  after  the  process,  we  must 
subtract  the  quantity  which  is  consumed  in  external  work.  Tlie  quan- 
tity remaining  is  termed  by  Thomson  the  mechanical  energy  of  the  body. 
Starting  as  we  have  done  from  0^,  we  obtain  in  this  manner  only  the 
>accumulation  of  energy  in  the  body  from  0^  to  the  particular  tempera- 
ture under  consideration,  and  not  its  absolute  quantity.  Every  body  baa 
therefore  in  any  definite  condition  a  definite  quantity  of  energy.  If  now 
we  consider  two  substances,  as,  for  example,  oxygen  and  hydrogen,  which 
oombine  with  each  other  under  the  influence  of  the  electric  spark,  we 
have  in  each,  before  combination,  a  definite  quantity  of  energy.  During 
ttie  combination,  heat  is  evolved,  and  if  we  now  cool  the  vapor  of  water 
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which  18  formed  to  the  temperature  of  the  components  before  combina- 
tion, the  steam  will  contain  a  quantity  of  energy  less  than  that  of  its 
components  by  the  quantity  which  is  given  out  in, the  combination.  We 
here  suppose  the  combination  of  H  and  0  to  take  place  without  exter* 
nal  work.  When  the  vapor  of  water  is  decomposed  at  the  same  temper* 
ature,  just  as  much  energy  must  be  added  as  became  free  during  th« 
combination.  Two  cases  may  then  occur:  either  the  body  has  more 
energy  than  its  components,  or  else  the  contrary  is  true.  In  the  first  case 
heat  is  given  out  in  the  decomposition,  in  the  second,  it  is  absorbed.  It 
follows  that  heat  must  become  free  when  we  heat  a  body  of  the  first 
class  to  the  point  of  decomposition,  and  the  components  will  not  unite  on 
cooling,  since  the  quantity  of  energy  in  them  is  not  sufficient  for  the  for- 
mation of  the  compound  at  the  same  temperature.  This  could  only  take 
place  in  two  cases :  either  the  body  mnst  take  up  heat  from  the  surrounding 
medium,  wbich,  however,  has  at  most  an  equal  temperature,  or  else  the 
compound  must  become  suddenly  colder.  So  far  as  known,  no  such  cool- 
ing occurs.  From  the  above  we  obtain  the  following  law  :  Bodies  which 
evolve  heat  in  being  decomposed  by  heat  are  not  again  formed  in  the 
subsequent  cooling.  This  law  may  be  tested  by  the  results  of  the  exper- 
inaents  of  Favre  and  Silbermann.  These  physicists  found  that  protoxyd 
of  nitrogen,  NO,  peroxyd  x>f  hydrogen,  HOj,  chlorous  and  chloric  acids, 
CI  O,  and  CI  O^,  evolve  heat  during  decomposition,  while  the  elements 
separated  do  not  recombine  on  cooling.  The  same  is  true  for  the  chlorid, 
iodid  and  sulphid  of  nitrogen,  which  are  suddenly  decomposed  on  heat- 
ing, with  evolution  of  heat«  and  the  components  of  which  do  not  recom- 
bine. The  above  law  is  also  true  whea  dimorphous  or  polymorphous 
bodies  change  their  physical  condition.  Thus,  aragonite  on  heating 
passes  into  calc-spar  with  evolution  of  heat;  the  converse  change  does 
not  take  place  on  cooling.  Fused  sulphur  crystals  (System  V)  on  cool- 
ing become  crystallized  in  System  lY  with  evolution  of  heat ;  the  con- 
verse change  does  not  take  place.  Various  other  illustrations  are  given, 
and  the  author  generalizes  the  law  already  stated  as  follows :  When  bodies 
on  heating  pass  into  a  different  physical  state,  with  evolution  of  heat,  the 
previous  state  is  not  resumed  oji  cooling.  It  is  of  course  possible  that  in 
.certain  cases  the  purely  chemical  affinity  between  the  molecules  may  be  so 
powerful  that  combination  will  ensue,  heat  being  abstracted  from  the  sur- 
rounding medium.    The  converse  proposition  is  as  follows : 

If  heat  be  absorbed  in  decomposing  a  body  by  means  of  heat,  the  con- 
trary action  will  take  place  on  subsequent  cooling. 

This  proposition  cannot  be  demonstrated  theoretically,  and  is  therefore 
not  to  be  regarded  as  proved.  It  is  frequently  found  by  experiment  to 
be  true :  thus,  carbonate  of  lime,  according  to  Favre  and  Silbermann,  ab- 
sorbs heat  when  decomposed  by  heating,  and  has  therefore  less  energy 
than  its  components  together.  CO,  and  CaO  recombine  on  cooling. 
On  the  other  hand,  much  heat  is  evolved  in  slaking  lime,  and  CaO,  HO 
has  therefore  much  less  energy  than  its  components.  On  heating,  the 
hydrate  is  decomposed,  and  is  again  formed  on  cooling.  In  the  formation 
of  CO,  ftnd  HO  heat  is  evolved,  and  the  compounds  have  therefore  less 
energy  than  the  components.  The  elements  only  unite  at  a  high  tem- 
perature, and'the  decomposition  takes  place  at  a  still  higher  temperature. 
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On  coolitifif,  Che  compooetits  ought  to  recombine,  but  in  point  of  fact  tbft 
does  not  (happen,  though  the  <!Oinponents  have  much  more  energy  than 
the  prodiucts.  The  explanation  of  this  depends  upon  the  action  of  the 
purely  chemical  affinities,  whit^  at  lower  temperatures  are  not  sufficient 
for  the  formation  of  ti>e  compound.  Two  conditions  are  in  general  neces- 
sary for  the  formation  of  a  <!0B1  pound.  First,  a  degree  of  chemical  force 
or  affinity  sufficient  for  the  combination,  and  secondly,  the  necessary  en- 
ergy. A  single  cause  is  insufficient  The  author  here  distinguishes 
between  reii^ersible  and  unreversible  processes.  When  a  body  changes 
under  the  action  of  heat,  and  with  evolution  of  heat,  it  passes  into  a  new 
condition  of  less  energy,  and  therefore  cannot  in  itself  pass  back  into  its 
original  state.  This  is  the  unreversible  process,  aud  occurs  most  frequently. 
When  heat,  on  the  contrary,  is  absorbed,  the  new  body  has  more  energy, 
and  may  therefore  on  cooling  pass  of  itself  back  into  its  previous  condi- 
tion. This  18  illustrated  by  the  latent  heat  of  fusion  and  evaporation. 
Other  consequences  of  this  theory  are  these;  the  heat  of  combination 
remains  the  same  whether  the  compound  be  formed  suddenly  or  by  de- 
grees ;  the  heat  of  combination  of  a  compound  body  is  in  general  less 
than  that  of  ito  components  taken  singly.  The  following  examples  serve 
to  illustrate  still  further  the  application  of  mechanicitl  energy  to  the  ex- 
planation of  chemical  changes.  An  electric  spark  causes  combination  in 
two  ways.  Certain  bodies,  H  and  O,  H  and  01, 00  and  O,  &e.,  combine 
suddenly  in  unlijciited  quantities  by  means  of  a  single  spark,  and  with 
evolution  of  heat  Others,  like  N  and  O,  combine  only  gradually ;  no 
heat  is  evolved,  and  the  combiuation  ceases  with  the  cessation  of  the  spark. 
The  formation  of  ozone  is  also  a  case  in  point  In  the  first  case,  the 
energy  of  the  components  is  greater  than  that  of  the  compound.  Suffi- 
cient energy  is  present,  but  not  sufficient  affinity.  The  electric  spark 
here  increases  the  affinity ;  some  atoms  of  H  and  O  combine,  and  the 
heat  produced  causes  a  further  combination,  since  heat  within  certain 
limits  increases  affinity.  In  the  case  of  the  combination  of  N  and  O  to 
form  nitric  acid,  the  components  have  less  energy  than  the  compound. 
Then  the  spark  furnishes  the  requisite  enei^,  and  each  spark  yields  only 
a  definite  amount  of  work.  The  case  of  NH,  ibrms  an  exception  which 
for  the  present  must  remain  unexplained.  The  author  also  applies  the 
theory  to  the  catalytic  action — so  called^-exercised  by  platinum  upon  H 
and  0,  but  not  upon  N  and  O.  In  conclusion,  the  author  takes  ground 
against  the  assumption  often  made  that  the  heat  of  combination  is  to  be 
taken  as  the  measure  of  chemical  affinity.  He  considers  that  this  heat^ 
regarded  as  difierence  hi  energy,  is  the  measure  of  the  stability  of  the 
eompound.  Thus,  water  with  the  heat  of  combination  expressed  by 
29413  has  more  stability  than  chlorhydric  acid  with  a  heat  of  combina- 
tion of  23788  units.  In  each  case,  besides  the  requisite  energy,  the 
requisite  affinity  must  be  present  Thus,  in  a  simple  mixture  of  O  and 
H  no  combination  takes  place  until  the  affinities  are  sufficiently  increased* 
although  the  necessary  energy  is  always  present  A  further  argument 
against  considering  the  heat  of  combination  as  the  measure  of  affinity  is 
to  be  found  in  the  fact  that  in  certain  combinations  heat  is  absorbed,  so 
that  in  these  the  chemical  affinity  would  be  negative. — Po^p.  Ann.^ 
cxxii,  439.  •       V.  o. 
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8.  On  the  reptaeement  of  hydrogen  in  ether  by  chlorine,  ethyl  and  ox- 

fthyL — LiBBBN  and  Badbr  have  studied  the  action  of  monochlorinated 

and  bicbloriDAted  ether  upon  zinc-ethyl  and  ethylate  of  sodium,  and  have 

obtained  results  of  much  theoretical  interest.     By  the  action  of  chlorine 

upon  ether,  at  ordinary  teniperatureft,  the  author  obtained  a  mono-chlorin- 

C  H  CI  ) 
ated  ether  with  the  formula,  n*  n*Q|  f^2*  '^^^  action  of  zinc-ethyl  upon 

this  compound  gives  rise  to  two  products  which  have  respectively  the 

formulas,  c*H\'cf^*  [  ^2'*°^  C  H*!c*H*  [  ^^' ""^  '^  ^^^^^'  " 
will  be  seen,  one  or  two  atoms  of  hydrogen  in  the  radical  ethyl  are  re- 
placed by  one  or  two  atoms  of  ethyl  itself.  When  mono-chlorinated 
ether  is  heated  with  an  alcoholic  solution  of  potash,  or  with  ethylate  of 
sodium,  an  oily  liquid  is  formed,  which  boils  at  167^  C,  is  heavier  than 
water,  and  has  a  most  refreshing  and  agreeable  odor.    The  formula  of 

C  H  CI  ) 

this  body  is,  q*ct*  n  H  O    v  ^^'  ^  *^*^  ^'  "***'  ^  regarded  as  ether 

in  which  one  atom  of  hydrogen  in  the  ethyl  is  replaced  by  chlorine  and 
one  atom  by  the  radical,  C^HjO,,  which  the  authors  term  oxethyl. 
By  the  continued  action  of  ethylate  of  sodium  upon  the  last  mentioned 
substituted  ether,  the  authors  obtained  an  oil  lighter  than  water,  boiling 

at  168°  C,  and  having  the  formula,  ^*^*  *  Q*g*Q^  [  O^.    In  this,  two 

atoms  of  hydrogen  are  replaced  by  two  of  oxethyl.    Finally,  the  action 

C  H  CI  ) 

of  ethylate  of  sodium  upon  this  body,  c*H*  C  H    v  ^2>  P^^  ^^  *^  * 

new  liquid,  boiling  at  148^  C.  and  presenting  the  formula, 

C  H     C  H  O    r 

p*  jT*  'q*ct*    *  f  Oj.    The  new  substances  described  are  evidently  the 

types  of  a  large  class  of  similar  substituted  bodies,  and  deserve  in  them- 
selves an  attentive  study,  especially  with  reference  to  physical  properties 
and  to  products  of  decomposition. — Comptes  Rendue^  Iix,  445.      w.  o. 

4.  On  a  new  mode  of  preparing  oxygen. — Robbins  has  given  a  method 
of  preparing  oxygen  which  is  particularly  interesting  from  a  theoretical 
point  of  view,  and  which  may  hereafter  be  of  much  practical  value.  The 
process  is  based  upon  an  experiment  due  to  Schdnbein,  and  consists  in 
pouring  dilute  sulphuric  acid  upon  a  dry  and  powdered  mixture  of  three 
equivalents  of  peroxyd  of  barium  and  one  equivalent  of  bichromate  of 

Ch.    Ozone  and  antozone  are  given  off  simultaneously,  and  unite  to 
common  oxygen,  which  escapes  with  effervescence.— (7o«mo«,  xxvi, 
386.  w.  o. 

II.  GEOLOGY. 

1.  On  buried  stems  and  branches  in  Illinois  ;  by  J.  S.  Bliss.  (From  a 
communication  to  the  Editors,  dated  Columbus,  Wisconsin,  Nov.  7.) — 
While  passing  through  the  county  of  Adams,  in  the  State  of  Illinois,  font 
jears  since,  I  learned  of  the  existence  of  a  well,  which  had  been  dug  the 
year  before,  from  which  small  branches  of  trees  and  twigs  had  been  ob- 
tained. I  repaired  to  the  spot,  and  found  the  well  to  be  twenty-five  feet  in 
depth;  and  was  informed  that,  at  a  depth  of  twenty-three  feet,  the  owner 
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came  upon  a  layef  of  fine  black  soil,  full  two  feet  in  thicknew,  in  wbich 
were  found  branches  an  inch  in  diameter;  I  procured  a  shovel,  and  ob- 
tained several*  specimens  three-eights  of  an  inch  through,  in  a  tolerable 
state  of  preservation.    Just  above  this  bed  of  soil  the  material  was  clay. 

In  another  well,  three  miles  from  this,  the  same  kind  of  soil  was 
met  with,  after  passing  through  tlay  for  twenty-seven  feet  from  the  sur- 
face. In  the  soil  twigs  were  found  ;  but  on  being  brought  to  the  air  they 
crumbled  to  pieces,  thoui;h  the  bark  and  heart  were  plainly  to  be  seen. 

Four  miles  from  the  first  mentioned  well,  there  was  another,  still  more 
remarkable,  which  was  30  feet  deep.  At  a  depth  of  21  feet,  the  diggers 
came  fsquare  on  a  log,  twelve  inches  in  diameter ;  they  cut  it  off  on  both 
sides  of  the  Well,  and  on  taking  it  out  pronounced  it  to  be  Black  walnut ; 
but  I  think  that  it  was  probably  some  other  kind  of  timber,  that  had  been 
djed  in  consequence  of  having  been  submerged,  and  that  this  caused  the 
mistake.  In  the  same  soil  was  also  found  a  Buckthorn  in  a  tolerable 
state  of  preservation.     The  top  of  the  tree  was  lying  southeast 

Another  fact,  I  have  noticed  .in  Wisconsin,  is  that  stones  protruding 
through  the  surface,  such  as  those  known  as  hard-h^ads,  present  their 
perpendicular  sides  to  the  north,  northeast,  and  northwest  This  is  not 
confined  to  any  small  portion  of  the  State,  but  to  quite  an  extended 
region. 

2.  On  the  Oeology  of  Eastern  New  York  ;  by  Professor  James  Hall 
and  Sir  William  E.  Logan.  (Read  before  the  Natural- History  Society 
of  Montreal,  Oct  24,  1864,  by  T.  Stbrrt  Hunt.)— Professor  James  Hall 
and  Sir  William  Logan  spent  a  few  days  together  last  summer  in  exam- 
ining some  points  of  the  geology  of  Eastern  New  York,  and  propose  to 
continue  their  examinations  next  season,  when  we  may  expect  from  them 
a  detailed  account  of  their  results.  Their  principal  object  was  to  com- 
pare the  rocks  of  that  region  with  some  of  those  of  Eastern  Canada ; 
and  I  have  now  permission,  in  the  absence  of  these  gentlemen,  to  lay  be- 
fore this  Society  some  of  the  results  of  this  exploration. 

The  shales  of  the  Hudson  River  group,  which  are  seen  for  a  consider- 
able distance  north  and  south  of  Albany,  disappear  a  few  miles  east  of 
the  Hudson,  and  are  succeeded  by  harder  and  coarser  shales,  sometimes 
red  or  green  in  color,  and  passing  into  green  argillaceous  sandstones. 
These  various  strata,  which  are  associated  with  concretionary  and  shaly 
limestones,  are  now  recognized  as  belonging  to  the  Quebec  group.  The 
line  of  contact  between  this  and  the  much  more  recent  Hudson  River 
group  has  nowhere  been  clearly  seen  in  this  region,  but  the  two  series 
are  readily  distinguished  by  their  differences  in  color,  texture,  and  hard- 
ness,—differences  which  were  formerly  supposed  to  depend  upon  the  par- 
tial metamorphism  of  the  eastern  portion,  when  this  was  looked  up5n  as 
a  part  of  the  Hudson  River  group.  The  green  sandstones  and  conglom- 
erates of  Grafton  Mountain,  formerly  looked  upon  as  a  portion  of  the 
Shawangunk  conglomerate,  are  recognized  as  belonging  to  an  outlying 
portion  of  the  Sillery  formation.  This  mountain  Professor  Hall  had 
found  in  a  previous  exploration  (1844-46)  to  have,  at  a  point  farther 
south,  a  synclinal  structure,  and  it  probably  lies  in  three  low  synclinal 
axes.  The  Sillery  formation  scarcely  extends  south  of  Rensselaer 
County. 
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Oanaan  Monntain  it  also  apparently' synclinal,  and,  while  limestones 
appear  in  the  valleys  on  each  side  of  it^  consists  chiefly  of  slates,  the 
highest  beds  being  a  hard  green  sandstone,  sometimes  shaly,  without  any 
of  the  conglomerates  of  the  Sillery,  althoagh  boulders  and  angular 
fragments  of  these  are  found  in  the  adjacent  valleys.  To  the  east  of  this, 
Richmoud  Mountain,  in  Massachusetts,  presents  in  its  upper  portion  a 
eompact  green  slate,  passing  upward  into  a  harder  rock  similar  to  that 
of  the  summit  of  Canaan  Mountain.  To  the  southward,  as  far  as  Hills- 
dale, the  sparry  limestones  of  the  Quebec  group  appear  in  the  valleys, 
while  the  hills  are  of  slate.  Proceeding  thence  westward  toward  the 
river,  only  the  lower  portions  of  the  Quebec  group  are  met  with,  until 
we  come  upon  the  rocks  of  the  Hudson  River  group. 

Washington  Mountain  is  also  of  slate,  flanked  by  limestone,  all  of  the 
Quebec  group,  and  is  probably  synclinal  in  structure.  The  valley  to  the 
Bouth  of  the  mountain  exhibits  limestones,  apparently  alternating  with 
slates.  Columbia  and  Duchess  counties  appear  to  be  mainly  occupied 
by  the  shales  of  the  Quebec  group,  with  broad  exposures  of  its  lime- 
stones, until  we  approach  the  river  to  the  westward,  when  the  shales  of 
the  Hudson  River  group  are  met  with,  extending  a  considerable  distance 
below  the  city  of  Hudson.  The  gneiss  of  the  Highlands  occupies  the 
southeast  part  of  Duchess  County. 

From  Fishkill  the  explorers  proceeded  to  Coldspring,  crossing  what 
Mather  called  the  Mattewan  granite,  but  which  they  found  to  be  an 
altered  sandstone.  Soon  after  this  they  came  upon  the  great  gneiss  forma- 
tioQ  of  the  Highlands  of  thid  Hudson,  which  continues  beyond  Peeks* 
kill.  They  failed  to  find  the  sandstone  described  by  Mather  as  coming 
out  at  this  place ;  nor  was  anything  representing  the  Potsdam  sandstone 
detected  in  approaching  the  Highlands  from  Fishkill,  nor  elsewhere 
along  their  northern  limits.  Near  to  Peekskill,  in  the  valley  of  the  creek, 
was  found  a  low  ridge  of  black  slate,  supposed  to  belong  to  the  Quebec 

goup,  and  a  similar  slate  was  observed  along  the  north  side  of  the 
ighland  range,  not  far  from  the  gneiss.  The  gneiss  of  the  Highlands 
presents  all  the  aspects  and  characteristics  of  that  of  the  Laurentian  sys- 
tem, as  seen  in  northern  New  York  and  in  Canada. 

Further  examinations  are  necessary  to  determine  the  extension  to  the 
northeast  of  the  Laurentian  rocks  of  the  Highlands,  and  also  the  suc- 
cession of  strata  to  the  southeast  of  them.  The  recognition  of  the  Sil-  ^ 
lery  and  of  the  Quebec  group  in  this  region  are  great  and  important 
facts  of  its  geology,  and  not  less  so  the  identification  with  the  Lauren- 
tian system  of  the  gneissio  district  of  the  Highlands,  to  which  the  inter- 
esting mineral  region  of  Orange  county  and  the  adjacent  parts  of  New 
Jersey  doubtless  belongs.  This  conclusion,  although  opposed  to  the 
views  of  Mather  and  Rogers,  who  looked  upon  the  crystalline  rocks  of 
the  latter  region  as  altered  Lower  Silurian  strata,  is  in  accordance  with 
the  older  observations  of  Vanuxem  and  Keating,  and  with  the  more  re- 
cent ones  of  Professor  Cook,  according  to  all  of  whom  the  gneiss  and 
crystalline  limestones  of  Orange  County  and  of  New  Jersey  underlie  un- 
comformably  the  Lower  Silurian  strata.* — Can.  Nat,  and  Oeol, 

'  See  Am.  Jour.  Sci.,  [2]«  xxxii«  208,  and  also  Eitcbell'i  2Dd  Annual  report  on  the  » 
Geology  of  New  Jersey,  (1865,)  page  184  and  onward. 
Am.  Joub.  Sol— Sboond  Sbrzbs,  Vol.  XXXIX,  No.  115.— Jan.,  1865. 
13 
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3.  Action  of  Glacieri ;  by  J.^Ruskin. — What  a  rvret  caities  fast  a€ 
the  bottom  of  it,  a  glacier  carries  slowly  at  the  top  of  it  This  is  ther 
main  distinction  between  their  agencies.  A  piece  of  rock  which,  falling 
into  a  strong  torrent,  would  be  perhaps  swept  down  half  a  mile  in  twenty 
minutes,  delivering  blows  on  the  rocks  at  the  bottom  audible  like  distant 
heavy  cannon,^  and  at  last  dashed  into  fragments,  which  in  a  little  while 
will  be  rounded  pebbles  ^having  done  rough  damage  to  everything  it  has 
touched  in  its  course) — this  same  rock,  I  say,  falling  on  a  glacier,  lies  on 
the  top  of  it,  and  is  thereon  carried  down,  if  at  fullest  speed,  at  the  rate 
of  three  yards  in  a  week,  doing,  usually,  damage  to  nothing  at  all.  That 
is  the  primal  difference  between  the  work  of  water  and  ice ;  these  further 
differences,  however,  follow  from  this  first  one. 

Though  a  glacier  never  rolls  its  moraine  into  pebbles,  as  a  torrent  does 
its  shingle,  it  torments  and  teases  the  said  moraine  very  sufficiently,  and 
without  intermission.  It  is  always  moving  it  on,  and  melting  from  under 
it,  and  one  stone  is  always  toppling,  or  tilting,  or  sliding  over  another, 
and  one  company  of  stones  crashing  over  another,  with  staggering  shift 
of  heap  behind.  Now,  leaving  out  of  all  account  the  pulverulent  effect 
of  original  precipitation  to  glacier  level  from  two  or  three  thousand  feet 
above,  let  the  reader  imagine  a  mass  of  sharp  granite  road-metal  and 
paving-stones,  m'ixed  up  with  boulders  of  any  size  lie  can  think  of,  and 
with  wreck  of  softer  rocks,  (roicacous  schists  in  quantities,  Uftually,)  the 
whole — say  half  a  quarter  of  a  mile  wide,  and  of  variable  thickness,  from 
mere  skin-deep  mock-moraine  on  mounds  of  unsuspected  ice — treacher- 
ous, shadow-begotten — to  a  railroad-embankment,  paM«i^w-embank- 
ment— one  eternal  collapse  of  unconditional  ruin,  rotten  to  its  heart  with 
frost  and  thaw,  (in  regions  on  the  edge  of  each,)  and  withering  sun,  and 
waste  of  oozing  ice ;  fancy  all  this  heaved  and  shovelled,  slowly,  by  a 
gfing  of  a  thousand  Irish  laborers,  twenty  miles  down  hill.  You  will 
conjecture  there  may  be  some  dust  developed  on  the  way  f — some  at  the 
hill-bottom  ?  Yet  thus  you  will  have  but  a  dim  idea  of  the  daily  and 
final  results  of  the  movement  of  glacier  moraines; — beautiful  result  in 
granite  and  slate  dust,  delivered  by  the  torrent  at  last  iu  banks  of  blhck 
and  white  slime,  recovering  itself^  far  away,  into  fruitful  fields,  and  level 
floor  for  human  life. 

Now  all  this  is  utterly  independent  of  any  action  whatsoever  by  the 
ice  on  its  sustaining  rocks.  It  has  an  action  on  these,  indeed  ;  but  of  this 
limited  nature,  as  compared  with  that  of  water.  A  stone  at  the  bottom 
of  a  stream,  or  deep  sea-current,  necessarily  and  always  presses  on  the 
bottom  with  the  weight  of  the  column  of  water  above  it — plus  the  excess 
of  its  own  weight  above  that  of  a  bulk  of  water  equal  to  its  own ;  but  a 
stone  under  a  glacier  may  be  hitched  or  suspended  in  the  ice  itself  for 
long  spaces,  not  touching  bottom  at  all.  When  dropped  at  last,  the 
weight  of  the  ice  may  not  come  upon  it  for  years,  for  tliat  weight  is  only 
carried  on  certain  spaces  of  the  rock  bed  ;  and  in  those  very  spaces  the 
utmost  a  stone  can  do  is  to  press  on  the  bottom  with  a  force  necessary  to 
drive  the  given  stone  into  ice  of  a  given  deusity  (usually  porous) ;  and, 
with  this  maximum  pressure,  to  move  at  the  maximum  rate  of  about  a 
third  of  an  inch  in  a  quarter  of  a  hour  I     Try  to  saw  a  piece  of  marble 

'  Even  ID  lotrer  Apennioe.    *'  Dat  soDltom  saxis,  et  torto  vertice  torrens." 


Digitized  by  VjOOQ IC 


Geology.  09 

through  (with  edge  of  iron,  not  of  soppy  ice,  for  saw,  and  with  sharp 
flint  sand  for  feldspar  sliroe,)  and  nnovc  your  saw  at  the  rate  of  an  inch 
in  three-quarters  of  an  hour,  and  see  what  lively  and  progressive  work 
you  will  make  of  it! 

I  say  "piece  of  marble;"  but  your  permanent 'glacier-bottom  is  rarely 
80  soft — for  a  glacier,  though  it  acts  slowly  by  friction,  can  act  vigorously 
by  dead  weight  on  a  soft  rock,  and  (with  fall  previously  provided  for  it) 
can  clear  masses  of  that  out  of  its  way,  to  some  purpose.  There  is  a  no- 
taMe  instance  of  this  in  the  rock  of  which  your  correspondent  speaks, 
under  the  Glacier  des  Bois.  *  *  *  * 

[Mr.  Ruskin  continues  with  further  explanation  of  his  views,  in  the 
course  of  which  he  expresses  the  opinion  that  ^  the  Glacier  des  Bois  has 
not  done  more  against  some  of  the  granite  surfaces  beneath  it,  for  these 
four  thousand  years,  than  the  drifts  of  desert  sand  have  done  on  Mt. 
8inai;"  and  **it  never  digs  a  hole"  like  the  bed  of  a  lake.  He  closes 
with  a  paragraph  containing  the  following  statement  as  to  his  early 
tastes  and  studies.] 

I  find  it  difficult  to  stop,  for  your  correspondent,  little  as  he  thinks  it, 
has  put  me  on  my  own  ground.  I  was  forced  to  write  upon  Art  by  an 
accident  (the  public  abuse  of  Turner)  when  I  was  two-and-twenty  ;  but 
I  had  written  a  **  Mineralogical  Dictionary"  as  far  as  0,  and  invented  a 
shorthand  symbolism  for  crystalline  forms,  before  I  was  fourteen :  and 
have  been  at  stony  work  ever  since,  as  I  could  fiAd  time,  silently,  not 
caring  to  speak  much  till  the  chemists  had  given  me  more  help. — Reader^ 
Nov,  26,  1864,  the  communication  dated  Denmark  Hill,  Nov,  21. 

4.  Geolngical  Survey  of  California  ;  J.  D.  WarrNEy,  State  Geologist. 
— Paleontologt,  Volume  I :  Carboniferous  and  Jurassic  Fossils,  by  P. 
B.  Meek  ;  Triassic  and  Cretaceous  Fossils,  by  W.  M.  Gabb.  244  pp. 
Small  4to,  1 864.  Published  by  order  of  the  Legislature  of  California. — 
The  principal  results  of  the  geological  survey  of  California,  up  to  tho 
present  time,  have  been  briefly  stated  in  our  last  volume  at  p.  256.  Their 
number  and  importance  are  sufficient  to  show  that  the  survey  could  not 
have  been  in  better  hands.  Through  the  labors  of  Professor  Whitney 
and  his  assistants,  we  are  befifinning  to  have  some  definite  knowledge  of 
the  geology  of  the  western  border  of  the  continent, — of  the  distribution 
of  its  rock-formations,  of  the  age  and  structure  of  its  mountains,  of  the 
origin  of  its  metallic  veins,  of  the  action  of  rivers  and  glaciers  in  educing 
the  features  of  the  surface,  besides  many  other  points  of  geological  and 
economical  interest  The  Report  on  the  general  Gedogy,  as  far  as  tha 
subject  is  completed  in  the  yet  unfinished  survey,  wiH,  we  understand,  be 
soon  published.  The  volume  just  issued  is  the  first  of  the  two  on  the 
Paleontology  of  California.  It  treats  of  the  Ibssils  of  the  Carboniferous 
formation,  the  oldest  fossiliferous  beds  yet  observed,  and  of  the  Triassic, 
Jurassic  and  Cretaceous  formations,  leaving  the  Tertiary  for  the  second 
Tolume. 

The  Carboniferous  fossils  make  but  a  meagre  list,  the  rocks  of  the  age 
having  small  extent  Twelve  or  fourteen  species  are  all  that  are  described. 
Three  of  them  are  referred  by  Mr.  Meek,  though  with  some  hesitation, 
to  the  widely  spread  Lithostrotum  mammillare,  Productus  semir^ticula- 
tu8  and  Spirifer  lineatus. 
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The  Triaasic  species,  described  by  Mr.  Gabb,  are  28  in  number ;  the  Ju- 
raasic,  described  by  Mr.  Meek,  12  ;  the  Cretaceous,  described  by  Mr.  Gabb, 
nearly  300,  the  larger  part  being  new,  and  all  pertaining,  according  to 
Mr.  Gabb,  to  the  Upper  or  White  Chalk.  Some  of  the  general  facts 
respecting  the  extent  and  character  of  the  formations  have  already  been 
published  by  us  in  the  article  in  our  last  volume  above  referred  to. 

A  volume  of  plates  will  soon  be  ready  for  delivery.  It  will  contain 
figures  of  all  the  new  species.  The  plates  are  lithographic,  and  thirty- 
two  in  number ;  and,  as  we  know  from  an  examination  of  many  of  them, 
are  excellent  in  drawing  and  engraving. 

The  work  is  brought  out  in  the  first  style  of  the  art,  both  as  to  paper 
and  printing.  We  know  nothing  superior,  iu  these  respects,  from  any 
American  press. 

6.  Otl  region  of  Pennsylvania, — [Extracts  from  a  communication  by 
Ira  Saylbs,  dated  Meadville,  Crawford  Ca,  Pa.,  Nov.  13,  1864.] — As 
shown  in  the  Geological  Map  of  Pennsylvania  by  Professor  Rogers,  the 
surface-rocks  of  the  higher  country  in  the  oil  region  of  western  Pennsyl- 
vania are  mostly  Carboniferous,  while  those  of  the  valleys  appear  to  be 
Devonian  of  the  Chemung  and  Portage  groups.  In  the  borings,  a  whitish 
sandstone,  called  the  first  sand-rock  is  met  with  at  a  depth  of  70  to  200 
feet;  and  wells  penetrating  only  through  this  bed  generally  yield  a  thick 
oil  100  to  200  feet  below  this,  lies  the  second  sand-rock^  of  similar  as- 
pect to  the  first;  and  from  beneath  this  there  is  usually  another  "show 
of  oil,"  a  heavy  oil,  though  less  so  than  the  former.  From  this  rock  pro- 
ceed nearly  all  the  wells  of  the  Alleghany  river,  while  the  wells  of  French 
Oreek,  with  few  exceptions,  descend  only  to  the  first  sand-rock.  Below 
the  second,  100  to  200  feet,  there  is  a  third  sandrock,  and  from  beneath 
this  comes  the  pure,  limpid,  light  oil.  To  this  depth  descend  most  of  the 
**  flowing"  or  fountain  wells,  four  of  which,  when  first  opened,  (the  Em- 
pire well,  one  of  them,)  deluged  the  region  around  with  3000  barrels  of 
oil  per  day.    The  wells  of  Oil  Creek  are  mostly  in  this  rock. 

The  valleys  have  been  selected  in  nearly  all  cases  for  the  borings  under 
the  impression  that  breaks  in  the  hilli  indicate  chasms  in  the  rocks  be- 
neath. But  there  appears  to  be  no  reason  why  oil  should  not  be  reached 
also  by  borings  through  the  higher  land.  There  are  evidently  two  kinds 
of  sources ;  open  cavities  affording  the  free  flowing  wells,  sometimes  in- 
termittent ;  and  the  oil-bearing  shales  giving  a  slower  yield,  as  if  by  a 
gradual  percolation  from  rocks  that  partially  retain  it ;  and  the  latter  at 
least  should  be  encountered  as  well  through  the  hills  as  the  valleys,  if  the 
borinff  is  carried  down  to  the  same  level.  Moreover,  there  is  no  certainty 
that  &sure8  or  chasms  in  the  rocks  may  not  underlie  the  hills. 

It  is  a  little  remarkable  that  the  oil  from  beneath  the  upper  sandstones 
should  be  the  heavier,  while  that  from  beneath  the  lowest  is  the  lightest. 
Although  there  is  no  evidence  x>f  any  connection  between  the  oil  reposito- 
ries at  these  three  diflerent  levels,  the  sources  of  the  same  level  often 
communicate.  This  has  been  abundantly  proved,  by  a  sudden  diminu- 
tion in  the  supply  of  sn  older  well  in  consequence  of  sinking  a  new  one 
near  by. 

The  quantily  of  oil  produced  now  does  not  materially  difier  from  that 
iof  two  years  ago— viz :  nearly  6000  barrels  daily.    The  number  of  wells 
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has  been  increased  in  that  time ;  but  about  as  many  old  ones  have  been 
abandoned  as  new  ones  opened.  Fewer  of  the  new  wells  are  great 
spouting  wells  than  formerly.  Pumping  wells  are  very  constant  in  their 
yield. 

6.  Petroleum  in  California, — A  petroleum  region  on  the  coast  of  Santa 
Barbara,  near  Buenaventura,  in  Southern  California,  has  recently  been 
Tisited  by  Prof.  Silliman,  Jr.,  from  whose  Report  we  extract  a  few  facts. 
Ten  miles  North  of  Buenaventura  there  is  a  mountain  ridge,  2000  feet  in 
beigbt,  extending  for  13  miles  from  east  to  west,  which  consists  in  part  of 
bituminous  shales  supposed  to  be  of  either  the  Cretaceous  or  Tertiary 
period.  The  dip  of  the  layer  is  70**  to  80®  to  the  north.  From  these 
shales,  mineral  oil  comes  out  in  many  places,  and  at  some  points  very 
abundantly.  One  of  the  wells  is  30  feet  in  diameter,  and  is  full  of  a  tar- 
like oil,  boiling  with  the  escape  of  marsh-ffas.  There  is  also  an  area  of 
asphaltum  three-fourths  of  a  mile  long  by  half  a  mile  wide,  exuding  tar 
and  rock-oil  at  numerous  points,  besides  several  other  oil  springs,  the 
l^aces  of  discharge  in  all  exceeding  twenty.  The  range  of  bituminous 
shales  extends  to  the  south,  occurring  at  intervals  for  a  hundred  and  fifty 
miles,  and  also  to  the  north  as  far  as  Glenroy,  in  Santa  Clara  County,  or 
about  80  miles  from  San  Francisco. — Extract  from  Prof.  Silliman^ t 
Beport. 

m.  BOTAKY  AND  ZOOLOGY. 

1,  JDioico-dimorphiim  in  the  Primrose  Family. — ^Mr.  John  Scott,  late 
of  the  Fdinburgh  Botanic  Garden,  has  communicated  to  the  Linn»aD 
Society  an  elaborate  paper,  entitled,  Obeervatione  on  the  Functions  and 
Structure  of  the  Reproductive  Organs  in  the  Primulacece^  which  has  re- 
cently been  published  in  the  8th  volume  of  that  Society^s  Journal  of  Pro* 
ceedings.  Mr.  Scott  has  followed  up  Mr.  Darwin's  well-known  researchea 
by  many  additional  experiments,  has  confirmed  his  results,  and  brought 
out  others  of  no  small  interest  The  paper  is  long,  and,  on  the  whole, 
clear  and  satisfactory,  but  with  occasional  vagueness  or  obscurity  of  lan- 
guage, from  the  attempt  of  an  acute,  but  perhaps  rather  untrained  mind 
to  indicate  the  bearings  of  the  subject  further  than  they  have  been  clearly 
made  out  A  good  summary  appended  to  the  paper  sets  forth  the  prin- 
cipal points. 

Of  64  species  or  fonns  of  Primula  which  he  has  examined  (many  of 
them  only  in  the  herbarium), — 

*^  36  are  truly  dimorphic,  presenting  both  long-  and  short-styled  forms ; 
13  in  which  the  long-  or  short-styled  forms,  respectively,  have  alone  been 
observed  by  me;  and  5  species  and  one  variety  with  non-dimorphic 
characteristics,  i.  e.,  presenting  stamens  and  pistils  of  an  equal  length. 

*'  The  allied  genera  Hottonia  and  Aretia  have  also  truly  dimorphic  spe- 
cies; whereas  other  allied  genera,  Bodecatheony  Soldanella,  and  Cortusa^ 
are  very  generally  characterized  by  species  presenting  the  structural 
characteristics  of  the  long-styled  form  only,  without,  however,  any  de- 
creased fertility  arising  from  their  hermaphrodite  conjunctions. 

^The  general  differences  of  the  two  sexual  forms  may  be  thus  briefly 
summed  up : — First,  the  long-styled  forms  have  pistils  equalling  in  1 
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the  tube  of  the  corolla ;  stigmas  usually  larger  and  rougher ;  stamens  at- 
tached to,  or  frequently  below,  the  middle  of  the  corolla- tube,  whoee  di- 
ameter is  thus  expanded  upward ;  pollen-grains  generally  smaller  and 
more  transparent  Secondly,  in  the  short-stylfd  form  the  pistil  is  short, 
not  rising  above  half  way  up  the  corolla-tube;  stigma  generally  smoother 
and  depressed  on  the  summit;  stamens  attached  to  the  mouth  of  the  co- 
rolla-tube, causing  an  abrupt  expansion  ;  pollen-grains  generally  larger 
and  more  opaque.  According  to  all  the  trials,  these  structural  ditferences 
are  accompanied  by  equally  remarkable  functional  differences, — the  pollen 
of  the  loug  stamens  being  alone  adapted  to  fertilize  the  lon^  pistiU,  and 
the  pollen  of  the  short  stamens  to  feitilize  the  short  pistils.  By  applying, 
on  the  other  hand,  either  form  pollen  to  own  form  stigma,  i.  e.  effecting  a 
homomorphic  union,  the  degree  of  fertility  relatively  to  the  above,  or 
heteromorphic  union,  is  greatly  decreased.  Analogous,  though  less 
striking,  functional  differences,  however,  occur  without  any  appreciable 
change  of  structure,  as  shown  by  the  P.  verticiliata,  e.  g.,  yielding  a 
much  higher  grade  of  fertility  by  its  dioecious  than  its  hermaphrodito 
conjunctions.  Such  an  instance  from  a  genus  whose  members  are  so 
generally  characterized  by  a  sexual  dimorphism,  naturally  leads  me  to  re- 
gard it  as  indicative  of  the  acquirement  of  similar  characteristics.  An 
objection  to  this  view  may  be  urged  from  the  occurrence  of  species  which, 
having  no  immediate  affinity  with  any  structurally  dimorphic  species, 
nevertheless  present  individuals  incapable  of  fertilization  by  own  pollen, 
though  perfectly  susceptible  to  reciprocal  fertilization,  either  with  another 
individual  of  the  same  species,  or  one  of  a  distinct  species.  To  this  cate- 
gory, at  least,  those  who  disbelieve  in  the  genetic  affinities  of  organic 
beings  will  no  doubt  refer  the  case  of  P.  vertidllata,  and  simply  regard 
it  as  further  illustrative  of  our  ignorance  of  the  conditions  upon  which 
sterility,  in  its  varied  grades,  depends.  Those,  on  the  other  hand,  who 
believe  in  the  existence  of  these  genetic  relations  will  look  with  an  intel- 
ligent interest  upon  these  functional  peculiarities  of  the  P,  verticillaia^ 
and  rtegard  them,  mayhap,  as  the  primary  indications  of  a  tendency  to 
assume  those  remarkable  sexual  characteristics  of  the  correlated  species, 
and  thus  presenting  an  illustration  of  incipient  dimorphism. 

"'  The  usual  differences  in  the  fertility  of  the  heteromorphic  and  homo- 
mnrphic  unions  will  be  best  appreciated  by  giving  the  mean  results  from 
the  unions  of  several  species.  Thus,  taking  the  five  heteromorphic  and 
homomorphic  unions  given  above,  namely,  P,  Auricula,  Sikkimerms, 
cortusoides,  involttcrata,  and  farinosa,  we  see,  from  the  mean  results  of 
their  combined  products,  that  for  every  100  seeds  yielded  by  the  hetero- 
morphic unions,  only  twenty-four  are  yielded  by  the  homomorphic  unions 
— the  heteromorphic  thus  exceeding  the  homomorphic  unions  in  about 
the  proportion  of  five  to  three !  I  have  also  shown  the  remarkable 
fact  that  the  pollen  of  a  distinct  species  will  produce  a  much  higher 
grade  of  fertility  than  an  ordinary  homomorphic  union,  i.  e.,  a  flower's 
own  pollen  1 

"  It  is  well  known  that  A  will  fertilize  B,  and  B  will  not  fertilize  A.  I 
have  given  instances  of  this  law  with  Primulas.  I  have  also  shown  the 
new  and  remarkable  fact,  that  of  the  two  forms  of  the  same  species  the 
pollen  of  the  one,  but  not  of  the  other,  will  fertilize  a  distinct  species ! 
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For  example,  the  long-styled  P.  Palinurii  cad  be  fertilized  readily  by 
pollen  of  the  long-styled  P.  Auricula  ;  yet,  after  numerous  trials,  I  have 
fftiled  to  effect  a  single  union  between  the  long-styled  form  of  the  P,  Pch 
Unurii  and  the  short-styled  P,  Auricula,  How  utterly  inconsistent, 
then,  are  such  factn  with  the  teachings  of  those  who  would  have  us  be- 
lieve that  an  absolute  caudal  relation  exists  l>etween  the  sterility  from  hy- 
bridUra  and  systematic  affinity  1  On  the  other  hand,  how  unequivocally 
do  these  cases  show  us  that  the  greater  or  less  facility  of  one  species  to 
unite  with  another  is,  as  Mr.  Darwin  has  sagaciously  argued,  '  incidental 
on  inappreciable  differences  in  their  reproductive  systems.  And  that 
there  is  no  more  reason  to  think  that  species  have  been  specially  endowed 
whh  various  degrees  of  sterility  to  prevent  them  crossing  and  blending 
in  nature,  than  to  think  that  trees  have  l>een  specially  endowed  with  va- 
rious and  somewhat  analogous  degrees  of  difficulty  in  being  grafted  to- 
gether in  order  to  prevent  them  becoming  inarched  in  our  forests.'  * 

"  Probably  the  most  remarkable  result  from  my  observations  is  that 
when  the  dimorphic  species  cease  to  be  dimorphic,  their  reproductive 
functions  are  greatly  modified.  Thus,  in  the  case  of  the  Cowslip,  for  ex- 
ample, we  have  seen  that  an  ordinary  homomorphic  union  yields  about 
fourteen  seeds  per  capsule,  the  heteromorphic  about  twenty-four  seeds  per 
capsule,  whereas  the  form  with  stamens  and  pistils  of  an  equal  length 
yields,  when  fertilized  with  its  own  pollen,  thirty-four  seeds  per  capsule ! 
Thus  the  non- dimorphic  form  by  own  pollen  exceeds,  first,  the  homo- 
morphic unions  in  the  proportion  of  5  to  2,  and  secondly,  tlte  hetero- 
morphic in  the  proportion  of  8  to  2 1  Again,  from  the  four  different 
unions  of  the  long-  and  short-styled  forms  with  the  non-dimorphic  form, 
the  seed-results  in  each  case  fall  considerably  below  an  ordinary  homo- 
Biorphic  union :  thus  the  mean  results  of  the  unions  of  the  nou-dimorphio 
with  long-  and  short-styled  are  six  seeds  per  capsule,  whereas  the  pure 
homomorphic  unions  of  the  latter  give  an  average  of  thirteen  seeds  per 
capsule — that  is,  as  two  to  one  I 

**  Connected  with  these  are  the  remarkable  changes  in  the  fertility  of  the 
[differently]  colored  varieties  of  the  Primrose,  the  red  variety  yielding 
DO  seed  when  fertilized  by  pollen  of  either  yellow  or  white  varieties :  the 
reciprocal  crosses  of  these,  i.  e.  the  pollen  of  the  red  variety  applied  to 
the  stigmas  of  the  yellow  and  white,  are  also  absolutely  sterile  I  On  the 
other  hand,  fertile  unions  may  be  effected  by  the  reciprocal  crossing  of 
the  yellow  and  white  varieties,  though  in  every  case  we  have  found  that 
the  average  eeed-result  of  such  unions  is  considerably  under  that  of  the 
pure  unions  of  these  forms. 

**  Whether  or  not  the  ultimate  tendency  of  dimorphism  is  a  complete 
separation  of  the  sexes,  I  ttiink  we  have  the  clearest  testimony  that  di- 
morphism has  not  always  been  a  genealogical  characteristic;  and  fur- 
thermore, that  the  two  forms  did  not  per  saltum  assume  these  structural 
and  physiological  characteristics.  I  here  allude  to  the  evidence  afforded 
by  the  non-dimorphic  Cowslip — namely,  the  resumption  of  perfect  her- 
maphrodism,  and  the  occasional  production  of  intermediate  stages  be- 
tween this  aud  the  normally  dimorphic     These,  taking  nt  back  in  the 

'  Origio  of  Species,  Sd  ed.,  p  299. 
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genealogical  line,  show  us  an  original  non-dimorpbio  progenitor,  and  tbe 
graduated  plan  bj  which  it  gave  rise  to  a  dimorphicalTy  characterized 
race." 

The  most  noteworthyipoints  are : — 1.  That,  in  a  genus  which  has  many 
species  with  dimorphous  flowers,  there  are  some  which  present,  so  hr  as 
known,  only  one  of  the  two  forms  (say  the  long-styled,  which  is  perfectly 
fertile  per  se),  as  well  as  others  with  stamens  and  pistil  of  equal  length* 
2.  That  the  Rod  Cowslip,  a  clear  variety  of  the  common  one,  has  become 
non-dimorphic,  and,  with  this  change  of  structure,  has  become  much  more 
fertile  of  seed  than  tlie  heteromorphic  unions  of  the  Common  Cowslip* 
And  the  Auricula  offers  a  similar  case.  But,  on  the  other  hand,  a  non- 
dimorphic  variety  of  Primula  farinata  is  less  fertile.  These  changes  in 
the  genetic  system  of  a  species  seem  very  remarkable.  3.  Still  more  re- 
markable is  the  result  of  fertilizing  the  Red  Cowslip  with  its  ancestor  the 
common  yellow  form ;  this  union,  and  also  that  of  the  Common  Cowslip 
fertilized  by  the  Red,  being  very  sterile ; — thus  supplying  that  detideratum 
which  has  been  called  for  as  a  test,  *^  a  physiological  species  produced 
through  variation."  4.  That  the  two  forms  of  a  dimorphous  species  hy- 
bridize with  very  different  degrees  of  facility  with  distinct  species.  And 
that  such  a  cross  sometimes  yields  more  seed  than  either  homomor- 
phic  unions  with  own  pollen.  5.  Mr.  Scott  confirms  (though  it  is  not 
stated  in  his  summary)  Mr.  Darwin's  statement,  that  the  long-styled 
forms  artificially  fertilized  with  their  own  pollen  are  about  t¥rice  as  fertile 
as  the  short-styled  similarly  fertilized  with  its  own  pollen ;  while,  as  is 
well  known,  when  left  untouched,  the  short-styled  is  most  fertile,  owing^ 
to  the  relative  position  of  the  anthers  and  stigmas.  So  that  the  advan-' 
tage  of  position  in  the  latter  is  counterbalanced  by  an  increased  differ- 
entiation of  pollen  and  stigma  with  respect  to  their  mutual  action. 
Nature  thus  rendering  the  short-styled  equally  dependent  with  the  long- 
styled  on  externa]  agencies, — thus  keeping  it  in  existence,  and  more  com- 
pletely effecting  the  great  object  of  dimorphism, — the  intercrossing  of 
mdividuals. 

We  may  here  append  the  remark  that  the  Thymelseaceous  genus  Leu* 
eosmia  is  dimorphous,  and  some  species  of  Drymispermum  exhibit  one  if 
not  both  of  the  two  forms.  a.  g. 

2.  Observations  upon  Dimorphous  Flowers  ;  by  H.  von  Mohl  ;  in 
Bot.  Zeitung^  Oct  1863,  translated  in  Ann.  Sci,  Nat,^  Bot^  April,  1864. — 
These  observations  are  principally  upon  that  case  of  dimorphism  in  which, 
besides  the  ordinary  hermaphrodite  (but  often  infertile)  flowers,  there  are 
other  and  surely  fertile  ones,  of  simplified  structure,  apetalous,  or  rather 
cryptopetalous,  and  which,  ^  their  development  being-as  it  were  arrested 
in  the  bud,"  and  fertilized  without  opening,  we  had  long  ago  termed 
'*  precociously  fertilized.''  Some  remarks  were  made  upon  them  in  this 
Journal,  in  November,  1862,  (p.  419),  stating  that  Nature,  in  this  case, 
takes  as  much  pains  to  secure  self-fertilization  as  she  does  in  the  other 
case  of  dimorphism  (represented  by  Primula^  Houstonia^  <fec.,)  to  secure 
cross- fertilization.  This  is  the  conclusion  which  Mohl  also  reaches  after  a 
careful  investigation  of  the  common  instances,  viz :  in  Speeularia,  Impa- 
tiens^  Viola,  Oxalis,  <fec,  clearly  showing  that  such  flowers,  with  a  pos- 
sible exception  in  violets,  must  needs  be  self-fertilized.    The  record  of  his 


Digitized  by  VjOOQ IC 


Botany  and  Zoology,  105 

own  observations  is  preceded  by  a  good  history  of  what  was  known  upon 
the  subject,  from  the  beginning  made  by  Dilienius  down  to  the  coramu- 
nication  of  Michalet  in  the  Bull.  Soc.  Bot.  de  France^  1880.  That  the 
little  tympanum  which  covers  the  minute  anthers  and  stigmas  of  Specu- 
laria  perfoliata  until  after  fertilization,  is  a  rudimentary  corolla,  however, 
was  shown  by  Dr.  Torrey,  in  a  paper  read  before  the  Lyceum  of  Natural 
History,  New  York,  in  1830,  but  not  published. 

One  of  the  most  interesting  things  to  notice,  and  a  curious  confirma- 
tion of  the  intention  to  self-fertilize  in  the  cases  here  considered,  is  the 
unusual  paucity  and  the  greater  activity  of  the  pollen  in  the  anthers  of 
the  small  and  closed  flowers.     In  those  of  Oxalis  Acetosella,  as  Mohl  in- 
forms us,  the  larger  anthers  contain  only  about  two  dozen,  the  smaller 
scarcely  a  dozen  pollen-grains, — only  a  few  times  more  numerous  than 
the  ovules  they  are  to  fertilize,  while  in  the  normal  blossoms  they  are  in 
countless  excess, — the  economy  in  number  being  in  proportion  to  the 
8urene8s  that  they  will  do  their  work.  Moreover,  ihese  pollen-grains  never 
leave  the  anther,  but,  (as  was  observed  by  D.  Miiller  and  by  Michalet, 
but  misunderstood,  and  neatly  shown  by  Mohl,)  send  out  their  tubes  to 
seek  the  stigmas,  adjacent,  indeed,  but  often  at  a  considerable  relative  dis- 
tance, these  tubes  directing  their  course  with  the  same  precision,  and  in 
the  same  mysterious  manner,  apparently,  that  they  ordinarily  do  when 
having  reached  the  ovarian  cavity  they  seek  the  orifice  of  the  ovule?. 
This  is  well  seen  in   Viola,  where,  though  it  is  barely  possible  tliat  extra- 
Deon.«  pollen  might  sometimes  be  introduced,  yet,  in  view  of  the  immedi- 
ate contiguity  of  the  stigma  to  the  line  of  dehiscence  of  the  two  more  fer- 
tile anthers,  through  which  the  pollen-tubes  are  emitted,  close-fertilization 
here  cannot  be  doubted.     So  Mohl  concludes  that,   **  considering  that 
these  little  flowers  are  constantly  fertile ;  that  in  some  plants  they  are  the 
only  ones  that  are  fertile,  while  in  others  they  are  far  more  plentiful  than 
the  large  flowers,  and  that  upon  these  the  propagation  of  the  plant  mainly 
depend^  it  results  that  it  is  not  a  general   law  in  hermaphrodite  flowers 
that  Nature  should  favor  fecundation  by  the  pollen  of  another  flower  in 
preference  to  its  own  pollen."     Mohl  proceeds  to  state  that  self-fertilization 
is  equally  secured  in  some  non-dimorphic  flowers,  and  instances  Fumari- 
acecp  as  a  case  where  this  is  "  absolutely  necessary,  the  transport  of  pollen 
from  one  flower  to  the  stigma  of  another  appearing  to  be  absolutely  im- 
possible, on  account  of  the  special  structure  of  the  corolla,  and  of  the 
intimate  connection  of  the  exterior  [interior?]  petals  which  enclose  the 
anthers  and  stigma."     We  had  thought  the  same,  although  the  nectarif- 
erous sacs  should  have  made  us  pause ;  but  Mr.  Darwin  called  our  atten- 
tion to  the  great  facility  with  which  the  cap  or  united  tips  of  the  inner 
petals  would  be  pushed  off"  to  either  side  by  a  bee  visiting  the  blossom 
and  seeking  honey  from  its  nectary.     To  this  it  sufficed,  as  we  thought,  to 
answer,  that  pollen  was  actually  falling  from  the  anthers  upon  the  stigma 
they  surrounded  a  full  day  before  the  tips  of  the  outer  petals  opened,  i.  c., 
before  there  could  be  any  access  whatever  from  without.     The  reply  to 
this  seeming  demonstration  duly  came  in  Mr.  Darwin's  capital  discovery 
that,  in  Linum  and  other  cases,  the  pollen  may  be  less  potent  or  even  im- 
potent upon  its  own  stigma,  while  that  from  another  flower  is  prepotent! 
Slill  these  little  precociously-fertilized  flowers,  of  various  and  diverse  fam- 
Am.  Joub.  Sci.— Second  Series,  Vol.  XXXIX,  No.  115.— Jan.,  1865. 
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ilies,  stand  as  veritable  exceptions  to  the  universality  of  the  law  which 
Darwin  has  ably  deduced. 

What  causes  the  pollen-grains  to  emit  their  tubes  without  contact  with 
the  stigma,  and  indeed  at  a  considerable  distance  from  it,  is  an  utter 
mystery.  Mohl  remarks  here  an  analogy  with  the  case  of  AscUpias,  and 
that  in  Vtoloy  Specularia^  ^c,  as  Brown  has  stated  for  Atclepiai,  there 
is  no  liquid  poured  out  by  the  stigma  which  might  somehow  place  the 
pollen  in  relation  with  the  stigma. 

Finally,  Mohl  calls  attention  to  an  early  remark  of  Linnseus,  that,  in 
the  year  1 753,  a  considerable  number  of  plants  raised  in  the  Upsal  gar- 
den, for  which  the  Sweedish  climate  was  too  cod,  flowered  clandestinely, 
yet  produced  fruit  We  may  note  that  in  the  Cambriilge  Botanic  Gar- 
den,  Oxyhaphus  nyctagineus  copiously  fruits  from  the  bud  in  cool  and 
cloudy  weather :  so  do  one  or  two  Pa? onias  for  a  considerable  pari  of  the 
season.  And,  several  years  a^o,  Nyctaginia  capitata  of  Texas  seeded 
abundantly  all  one  summer  without  expanding  a  single  flower,  or  even 
producing  a  full-grown  flower  bud.    The  next  year  it  blossomed  freely. 

Mohl  justly  notes  that  these  diminutive  bud-fruiting  flowers  are  often 
produced  earlier  in  the  season,  as  in  Speeularia,  Impathns,  ^c,  but  some- 
times later  than  the  normal  blossoms,  as  in  Oxalis  and  Viola,  And  he 
allows  that  the  former  conform  (he  looking  upon  such  flowers  as  prepon- 
derantly female)  to  Knight's  hypothesis,  (drawn  from  cucumbers  and 
melon^)  that  a  high  temperature  favors  the  development  of  male  flow- 
ers, while  a  lower  temperature  is  more  propitious  to  female  bk>ssom% 
— a  view  which  Thury  took  as  the  starting  point  of  his  interesting  investi- 

fation  upon  the  production  of  sexes  in  the  animal  kingdom.  But  Naudin 
as  appended  to  the  French  translation  of  MohPs  paper,  an  important  note, 
in  which  he  declares  that  his  sedulous  observations  upon  Cucurbitaeea  for 
the  past  ten  years  are  far  from  confirming  Knight's  theory ;  that  in  this 
fiamily  male  and  female  blossoms  appear  independ<mt  of  conditions  of 
temperature,  but  intimately  connected  with  peculiarities  of  temperament, 
which  vary  from  species  to  species,  from  race  to  race,  or  even  among  in- 
dividuals of  the  same  race.  And  he  notes  especially  (what  we  suppose 
applies  generally)  that  the  races  of  melons,  squashes,  and  gonnls  which 
have  long  been  cultivated  in  northern  Europe  are  comparatively  R»ore 
precocious,  and  need  much  less  heat  for  maturing  their  fruit,  than  those  of 
Che  same  species  which  have  been  recently  brought  from  tropical  regions. 
Also  that  the  same  Cueurbitacece  arrive  at  adult  age,  i.  e.,  to  tlie  age  for 
flowering  and  fruiting,  far  sooner  under  the  hot  and  cloudless  sun  of  the 
south  of  France  than  under  the  cooler  and  obscurer  skies  of  Paris,  where 
they  vegetate  richly,  bcit  hardly  blossom.  Naudin  remarks,  also,  that 
many  monoicous  CucurbitacecB  tend  to  become  dioicous,  without  assignable 
cause;  and,  as  especially  fatal  to  Knight's  view,  that  Coceinia  diversifolia, 
cultivated  simultaneously  at  Paris  and  at  Hyeres,  in  a  great  number  of 
iudividuals,  has  produced  only  male  blossoms  at  Paris,  but  an  abundance 
of  both  sexes  (monoicous)  at  Hyeres.  a.  o. 

3.  Najas  major^  Ruppia  maritima,  d:e.^  dtMcovered  at  Salina^  N.  Y, 
— ^The  Septeml»er  number  of  Dr.  Seemann's  Journal  of  Botany  contains 
a  RevUion  of  the  Oenus  Najas^  by  Professor  Braun  of  Berlin.  To  the 
section  Eunajas  three  species  are  assigned,  viz^  N,  major ^  All^  N.  muri- 
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tatOy  Del,  of  Egypt,  and  N.  latifolSa,  Brnun,  from  tbe  lake  of  Valencia, 
VeoeBuela.  Tbe  section  CatUinia  has  N.jUxilU^  which  is  found  here 
and  there  in  tbe  North  of  Europe,  and  several  varieties  in  the  West  In- 
dies, Venezuela,  d(c^  N,  arguta^  U.B.K.,  in  New  Granada,  N,  minor.  All., 
in  Europe,  Egypt,  and  India,  N.  faMciculala,  Braun,  in  India,  and  iV. 
gramimea,  Del.,  in  India,  Egypt,  dec  N,  major^  to  which  our  attention 
is  at  present  directed,  under  several  varieties,  is  widely  distributed  through- 
out the  Old  World,  in  slightly  brackish  or  fresh  water,  but  it  was  also 
detected  by  Gbamisso'  in  tbe  Sandwich  Islands.  What  is  equally  re- 
markable. Prof.  Braun  has  seen  specimens  collected  in  Florida  by 
Cabanis. 

Shortly  before  Prof.  Braun's  article  oame  to  hand,  Najas  mnj<^  was  dia> 
covered  in  Onondaga  Lake,  first  by  Judge  G.  W.  Clinton,  on  the  north- 
em  border  of  the  lake  (between  Salina  and  Liverpool),  and  soon  after  by 
Mr.  John  A.  Paine,  Jr^  on  its  western  side,  growing  luxuriantly  and  abun- 
dantly, and  quite  fruitful.  The  marshy  borders  of  the  lake,  as  is  well 
known,  are  brackish,  at  least  in  tbe  vicinity  of  the  salt-works,  and 
abounding  in  maritime  and  submaritime  plants.  To  the  species  formeHy 
known  there,  the  above  gentlemen  have  added  Chenopodium  glaueum^  Lep- 
tochha  fa$eieulari$,  and  we  believe  some  others.  But  a  more  intercrting 
discovery,  of  a  water-plant  not  before  met  witb  away  from  tbe  sea  c(»HSt, 
was  recently  made  by  Mr.  Paine,  he  having  detected  Buppia  maritima  in 
Onondaga  Lake,  along  witb  Ifajas  major^  equally  in  a  fruiting  state. 

A.  o. 

4.  Spontaneoui  return  of  hybrid  plants  to  their  parental  forme, — Wa 
bave  been  prevented  from  preparing,  as  we  wished  to  do,  abstracts  of  the 
two  rival  essays  upon  Hybridity  in  Plants,  viz.,  that  of  Mr.  Naudin,  of  the 
Jardin  des  Plantes,  and  of  Dr.  Godron,  of  Nancy.  The  hitter  was  pub- 
lished in  full  in  the  Annalee  dee  Seiencee  I^aturellee,  4th  series,  volume  xi^, 
and  also  a  part  of  the  former,  the  whole  memoir  of  Naudin,  with  details 
of  tbe  experiments  and  figures,  having  been  accepted  for  publication  in  the 
Jfhnoiree  of  the  French  Academy.  The  prize  for  which  the  essays  com- 
peted were  awarded  to  Naudin.  A  brief  account  of  the  two  essays  ap- 
peared a  year  ago  in  the  Natural  History  Review.  As  respects  one,  the 
principal  question,  to  use  the  summary  of  the  iteview,  **  the  general  result 
is,  that  Dr.  Godron  says :  simple  hybrids  are  absolutely  sterile.  Mr.  Nau- 
din says :  hybrids  are  fertile  whenever  their  anthers  contain  well  organ- 
ised pollen.  Of  30  to  40  hybrids  experimented  upoi\,  t^ree-fourths  were 
found  to  produce  seeds  capable  of  germination.*' 

Upon  another  point  of  equal  interest,  Naudin's  testimony  is  explicit, 
he  maintaining  that  hybrid  plants,  however  constant  at  first,  tend  in  sub- 
sequent generations  to  a  separation  of  ibe  4wo  specific  elements,  which 
are,  as  he  expresses  it,  rather  intermixed  than  truly  combined,  so  that 
they  would  at  length  resolve  themseWes  4nto  the  two  parental  types,  or, 
by  failttre  on  one  side,  return  to  the  one  on  the  other.  Naudin  returns  to 
this  subject  in  a  note  in  tbe  Flore  dee  Serree  for  July,  1 864,  where  he  gives 
the  result  of  his  experiments  upon  ourcommon  sorts  of  thorn-apple,  Datura 
Stramonium  and  D.  Tatula,  These  have  more  commonly,  been  taken 
for  varieties  of  jone  species ;  but  their  specific  distinction  has  neen  main- 
tained, especially  <of  4ate,  ihy  various  arguments.    According  to  Naudin 
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tbey  are  truly  distinct  species,  which  do  not  sensibly  vary.*  One  always 
exhibits  green  stems  and  pure  white  flowers ;  the  other,  dark-purple 
stems  and  violel-linged  flowers.  These  two  thorn-apples  Mr.  Naudia 
crossed,  in  1855,  and  obtained  a  hundred  or  more  hybrids,  both  Tatula- 
Stramonium  and  SlramoniO'Tatula,  both  just  alike,  and  exactly  inter- 
mediate  between  the  two  species  in  the  coloration  of  the  stems  and 
flowers.  They  had,  however,  the  peculiarity  of  a  gigantic  size,  attaining 
at  least  twice  the  size  of  their  parents,  and  a  tendency  to  sterility,  which 
was  manifested  in  the  failure  of  all  the  flower-buds  which  were  produced 
at  the  fiist  forkings  of  the  stems.  The  later  flower-buds  opened,  however, 
and  were. perfectly  fertile,  the  pods  being  as  large  and  as  full  of  good 
seeds  as  tho^e of  either  parent  In  1861,  these  seeds  (of  Stramonio^Taiula) 
were  sown,  and  produced  a  second  generation  like  the  first  Seeds  of 
this  crop  were  sown  in  1862,  and  twenty-two  seedlings  were  preserved 
for  experiment  Five  of  these  developed  as  2).  Stramonium  in  all  its 
purity,  i.  e.,  had  green  stems,  white  flowers,  only  the  ordinary  height, 
and  all  the  flowers  fertile,  ripening  their  pods  in  the  first  forks,  three  months 
earlier  than  did  their  immediate  parents.  Nine  individuals  returned  as 
completely  to  2>.  Tatula  as  the  five  did  to  D,  Stramonium,  Two  others 
seemed  to  be  i>.  Tatula,  and  were  equally  reduced  in  size  and  fertile  from 
the  first  forks,  but  they  still  showed  in  their  paler  coloring  a  trace  of  the 
other  ancestor.  The  remaining  six  of  the  twenty-two  showed  somewhat 
more  of  it,  both  in  color  and  in  the  tallness  and  lateness  of  fructification ; 
expressed  numerically,  Naudin  estimates  that  they  were,  say,  nine-tenths 
2>.  Taiuia  and  one  tenth  part  B.  Stramonium.  **  Here,  then,"  says  Nau- 
din, *^  is  a  hybrid  completely  intermediate  between  the  two  parent  species, 
which,  left  to  itself  fecundated  by  its  own  proper  pollen,  is  spontaneously 
dissevered  at  the  second  generation,  dividing  its  offspring  between  the 
two  species.  And  it  is  to  be  remarked  that  the  division  is  very  unequal, 
2>.  Tatula  taking  the  lion's  share,  totally  or  nearly  reclaiming  seventeea 
individuals  out  of  the  twenty-two.  This  unequal  division  is  common  in 
hybrids,  and  sometimes  goes  to  the  extreme,  one  of  the  parents  wholly 
disappearing  from  the  hybrid  progeny,  which  thus  passes  over  entirely  to 
the  other  species,*^ 

As  to  crossing  species  and  their  hybrids,  in  view  of  obtaining  diverse 
and  particular  varieties,  Naudin  shows,  accordingly,  that,  to  obtain  the 
clesired  results,  the  hybridizer  should  take  pains  to  cross  those  mongrels 
which  tend  toward  one  parent  with  those  which  tend  to  the  other, 
thus  opposing  the  tendency  to  return  to  the  specific  types,  which  would 
otherwise  surely  take  place.  By  doing  this  for  a  few  generations,  the 
two  hereditary  tendencies  become,  as  it  were,  thoroughly  confused,  and  a 
multitude  of  new  variations  break  out  in  all  directions,  from  which  the 
amateur  may  select  what  he  likes  for  preservation  and  further  experiment 
This  is  according  to  a  principle  first  expounded  by  that  excellent  investi- 
gator, the  late  Louis  Vilmorin.  A.  o. 

6.  Flora  of  the  British  West  Indian  Islands  ;  by  A.  H.  R  Griskbach, 
M,D. ;  Professor  of  Botany  in  the  University  of  Gdttingen.  London,  Lov^ 
ell  Reeve  <fe  Co.  8vo,  parts  VI  and  VII,  1864. — These  parts,  extending 
from  p.  507 TO  p.  789,  complete  this  most  valuable  work,  which,  as  was 
intended,  closes  with  the  Vascular  Cryplogamia.     A  full  index  of  the 
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species  is  appended,  and  a  Hst  of  colonial  names.  The  preface  gives  an 
account  of  the  circumstances  under  which  the  work  y^us  undertaken,  and 
of  the  matei-ials  which  the  author  has  so  sedulously  and  promptly  elab- 
orated. West  Indian  botany  was  very  diflBoult  and  confused  :  *'  Almost 
all  the  principal  authors  who  have  written  on  West  Indian  plants  belong 
to  the  last  century,  and  consequently  to  the  Linnasan  school,  and  a  gen* 
era!  synopsis  of  West  ludian  plants  has  never  before  been  attempted,  not 
even  by  Swartz,  whose  Flora  contains  descriptions  of  his  new  species 
only,  with  a  few  remarks  on  allied  forms."  Moreover,  the  British  West 
Indies  offer  only  the  separate  fragments  of  a  larger  flora ;  and  Trini- 
dad, as  its  geographical  situation  indicates,  naturally  belongs  to  the 
flora  of  Venezuela  and  Guiana.  The  northern  Bahamas  might  be  sup* 
posed  to  have  a  vegetation  very  like  that  of  East  Florida,  from  which 
they  are  separated  by  the  Gulf  Stream  ;  but  this  seems  not  to  be  the 
case.  *^  Jamaica,  again,  from  its  mountainous  character  and  more  distant 
position,  most  of  the  leeward  islands,  from  being  wooded  volcanos,  and 
the  majority  of  the  windward  ones,  with  a  dry  climate  and  a  )ow  ealca- 
reotts  soil,  form  three  divisions  of  this  tropical  archipelago,  wliTch  show 
as  many  peculiarities.  Thus  the  whole  of  the  British  West  Indies,  as 
compri.sed  in  this  flora,  may  be  divided  into  five  natural  sections,  each 
with  a  distinct  botanical  character."  Altogether,  they  amount  to  al)out 
16,000  English  square  miles,  or  nearly  twice  the  area  of  Wales.  But 
yet  Uayii  alone  is  nearly  twice,  and  Cuba  nearly  tin  ice,  as  farge  as  all 
the  British  Islands  together,  and  not  only  far  richer  in  vegetation,  but 
far  less  explored,  the  publications  of  Jacquin,  Swartz,  dsc,  kaving  been 
almost  contined  to  the  British  possessions;  so  that  it  was  with  old  species 
mainly,  that  Dr.  Grisebach  had  to  deal,  those  which  were  "  the  founda- 
tion, indeed,  of  our  scientific  knowledge  of  the  flora  of  tropical  America." 
And  these  ^  have  so  often  been  misunderstood  that  their  synonyms  are 
far  more  numerous  than  their  numbers."  A  general  West  Indian  Flora 
being  out  of  the  present  question,  we  learn  with  interest  that  Dr.  Grise- 
bach is  preparing  a  special  paper  on  the  geographical  range  of  the  West 
Indian  plants,  including  the  capital  island  of  Cuba,  which  Mr.  Charles 
Wright  has  so  industriously  and  successfully  explored  throogh  its  length 
and  breadth,  and  is  expecting  still  further  to  explore. 

We  may  here  add  the  remark  that  Mr.  Wright's  third  distribution  of 
phaenogamous  plants  and  ferusr— the  fruits  of  his  labors  for  the  )a^  three 
years — has  just  been  made,  consisting,  in  the  fullest  sets,  of  abo»t  1800 
species  or  numbers,  (including  some  which  have  been  redistributed  under 
old  numbers^),  and  that  the  greater  part  of  them  have  already  been  de- 
termined by  Dr.  Grisebach,  the  now  recognized  authority  in  West  Indian 
botany.  An  equally  rich  field  probably  remains  in  Hayti,  to  tempt  an 
adventurous  explorer.  The  Bahamas,  also,  bare  as  they  seem  to  be,  **  have 
proved  very  interesting,"  and  are  thought  to  promise  still  many  novelties. 

The  series  of  Natural  Orders  adopted  in  this  work  being  different  from 
ibe  ordinary  ones,  and  especially  from  that  of  the  other  colonial  floras, 
mainly  owing  to  the  intercalation  by  Dr.  Griesbach,  of  the  a]>etalous  or 
reduced  forms  among  the  polypetalous  orders — where  many  of  them 
clearly  belong, — the  author  has  addeil  a  tabular  arrangement  more  in 
accordance  with  the  CandoUean  series,  and  with  that  employed  in  the 
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new  0enem  Plantarum  of  BenthAm  and  Hooker,  wbicb  will  be  the  nat^ 
ural  oompmiioii  of  Uu'se  colonial  floras.  These  volumes  are  all  written 
in  ENglish  ;  and  it  is  interesting  to  see  how  nearly  at  home  the  Gdttin- 
gen  Professor  makes  himself  in  a  language  foreign  to  him.  A.  o. 

6L  Fiorula  Australienth  :  a  Description  of  the  Plants  of  the  AuBtra- 
lian  Territory^  by  Georgb  Bbntham,  F.R.S.,  P.L.S.,  assisted  by  Fbr- 
niNAND  MuLLBR,  MA).,  F.K.S.  &  LS.,  etc.,  vol.  II,  Leguminoncs  to  Combre- 
iacem.  1864.  pp.  521,  8vo. — That  the  second  volume  of  this  important 
work  has  been  brought  out  so  soon  after  the  first,  may  be  attribute<l,  not 
iiMrely  to  the  indomitable  industry  and  force  of  the  author,  but  also  to 
the  fact  that  four-fiftbs  of  its  pages  are  devoted  to  the  great  order  Legun^ 
in^Mty  to  which  Mr.  Bentham  has  previously  devoted  much  attention.  In 
fiict,  to  him  the  reformation  of  the  order  from  the  state  in  which  DeCan- 
doUe  left  it,  is  almost  wholly  due.  He  first  indicated,  we  believe,  the 
floral  cliaracters  which  distinguished  the  Cssalpineons  from  the  Papiliona- 
ceeus  suborder,  settled  the  tribes  of  the  latter  upon  their  present  basis, 
and,  besides  various  special  memoirs,  revised  the  MimoHos  several  years 
1^  in  a  complete  monograph.  The  huge  genus  Acacia  is  most  largely 
Australian,  where,  indeed,  of  all  Phsenogamous  genera  it  is  roost  numer- 
ous in  species ;  and  the  Phyllodineous  Acacias  are  almost  exclusively 
Australian.  The  present  flora  describes  293  species  of  Acacia,  of  which 
271  are  of  the  Phyllodineous  section.  These  are  so  neatly  analyzed  by  a 
tabular  key,  of  the  sort  which  Mr.  Bentham  makes  so  much  of^ — that 
the  crowd  of  specimens  in  the  herbarium  may  be  most  readily  deter^ 
mined  and  arranged.  CkryiokUanrece  are  here  recombined  with  JRosa- 
eecB,  Saxifrageat  (we  know  not  why  the  form  Saxifragacea  is  refused^ 
and  Saxi/rageof  therefore  used  as  the  name  both  of  an  order  and  of  a 
tribe)  are  well  made  to  follow  immediately  after  JRosaceof ;  then  come 
Craaulaeea,  of  course ;  and  Droieraceof,  retained  at  a  good  order.  The 
volume  is  smaller  than  its  predecessor,  closing  with  Conibretacecey  not  to 
sever  the  Myrtacem,  so  largely  represented  in  Australia.  a.  o. 

7.  Upon  a  form  of  budding  in  some  Insect  Larves, — In  the  last  number 
of  the  Zeitschrift fur  wissenschaftliche  Zoologie  are  two  articles  of  inter* 
est,*  upon  a  form  of  multiplication  by  budding  occurring  in  some  larvea 
of  dipterous  insects,  and  also  containing  a  description  of  a  new  genus  and 
species  of  Cecidomyians  founded  on  one  of  the  insects  in  which  it  was 
observed.  It  seems  that  Nicollius  Wagner  published,  in  the  memoirs  of 
the  Kazan  Institute  for  1862,  an  account'  of  a  larval  multiplication  by 
a  sort  of  internal  budding,  and  that  C.  R  v.  Baer  confirmed  the  discov- 
ery last  year  in  the  6th  vol.  of  the  St  Petersburg  Bulletin,  suppleroentinfj^ 
it  with  the  full  history  of  the  larve,  of  its  development  into  a  perfect  insect^ 
and  of  the  deposit  of  a  few  large  eggs  thus  fructified.  In  July  of  1864, 
Dr.  Meinert  published  in  the  Danish  Naturhistorish  Tidsskrift  an  account 

'  Weitere  Erlaaterungen  fiber  die  von  Prof  Nic  Wagner  beschriebene  Insecteo- 
larve,  welche  sich  durch  Sprossenbildaiig  vermehrt,  von  Fr.  Meinert  Aus  dem 
XHrniscfaeo  mit  BemerkangeQ  Qbertetst  tod  C.  Tli.  v.  Siebold. 

Die  ungeschlecbtlicbe  verm^rung  der  Fliegenlarven  von  Prot  H.  Alex.  Pagen- 
•tecfaer.    Zeits.  f.  Wtss.  Zool.  xiv  :  4  Oct,  1864. 

*  This  was  noticed  in  the  Zettechrifc  f  Wise.  Zool,  ziii,  618,  bat  the  writer  of 
this  has  been  so  situated  that  it  wholly  escaped  him,  and  he  has  not  yet  seen  that 
notloe. 
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of  the  same  facts  as  obsenred  by  hiro,  and  also  a  description  of  the  per- 
feet  insect  as  a  new  genus  and  s]>ecie8,  with  the  name  AficLStor  metrcUoai. 
The  first  of  the  two  articles  cited  above,  is  a  translation  of  a  part  of  Dr. 
Meinert^s  paper,  with  some  remarks  by  Dr.  Siebold,  the  editor,  which,  he 
says,  was  just  completed  when  he  received  the  second  article.  This  lat- 
ter is  a  well  illustrated  and  detailed  account  by  Dr.  Pagenstecher  of  a 
similar  larval  multiplication  occurring  in  another  species  of  dipterous 
insect. 

It  will  be  sufficient  here,  after  calling  attention  to  these  articles,  to 

five  the  principle  fact  confirmed  in  them.  This  is,  that  an  insect  lanre 
as  been  seen  to  have  egg-like  bodies  within  the  abdominal  cavity  ;  tlial 
these  have  been  seen  to  develop  into  larves,  which  finally  bursting  out 
became  free  and  resembled  in  every  way  the  stock  larve ;  that  then,  or 
perhaps  after  a  second  similar  larve- brooding,  the  larves  developed  into  a 
perfect  dipterous  insect  which  laid  eggs  and  started  anew  the  circle  of 
species-life ;  and  lastly,  that  this  is  seen  in  more  than  one  species. 

There  are  some  points  not  altc^ether  agreed  upon  by  the  observers 
above  referred  to.  One  is  as  to  the  place  and  the  material  at  and  from 
which  these  larves  are  formed  in  the  larve-stock.  Dr.  Meinert  describes 
them  as  formed  from  the  granular  fatty  mass  of  the  abdominal  cavity, 
which  he  regards  as  a  sort  of  remnant  of  the  embryonic  yolk  division. 
Dr.  Pagenstecher,  on  the  contrary,  says  he  saw  none  of  these  fat  cellules  in 
the  way  of  developing  into  eg{^  and  thought  these  latter  wholly  differ- 
ent from  any  cells  approaching  their  size,  and  sums  up  as  follows :  ^  In 
some  unknown  part  of  the  body,  cells  are  set  free,  which,  without  being 
specially  fructified,  assume  the  character  of  egffs.  These  develop  into 
embryos  that  exist  in  a  sort  of  pupa  state  within  the  mother-body,  and 
develop  at  the  expense  of  the  parent  structures.  Finally  they  break 
forth,  the  larve-stock  dying,  and  become  independent  themselves." — pp. 
414-5.  w.  o.  M. 

IV.  ASTRONoarr. 

1.  Diicovery  of  a  new  Planet^  Terpsichore^  ®. — ^Mr.  Tempel,  at  Mar- 
seilles, discovered  on  the  SOth  of  September  a  planet  equal  in  brightness 
to  a  star  of  the  10th  magnitude.  The  following  elements  are  given  by 
Mr.  Tietjen : 

Element*  of  Terpnehore  @. 

T    =     1864,  Oct  230,  B.m.t        *    =     8»  46' 48"-0. 
M    =     861**  81'  62"0,  q)     =     7    82   85  -4. 

n     =       28    40    12  -1,  fi     =:     766"-494. 

a    =         2    48   29  -8,  log.  a    =z     0444048. 

2.  N'ew  Comet, — Another  Comet  was  discovered  on  the  9th  of  Sep- 
tember by  Mr.  Donati,  at  Florence.  It  was  very  faint,  and  seen  with  dif- 
ficulty. Mr.  Celoria,  of  Milan,  gives  the  following  elements,  computed 
from  observations  of  Sept.  9th,  11th,  and  13th : 

T  =  1804,  July,  27-8829  m.  t  of  Milan. 

a  ==  175*»  11'  67"-4, 

n  L=  190    10   34  -7, 

i  =      44    66   63    6, 

log  q  z=        9-787184,  motion  retrograde. 
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The  comet,  according  to  these  ekmqraf  passed  its  perihelion  before 
those  heretofore  known  as  Ooniet  I,  1864fand  Comet  II,  1864. 

3.  NumherB  of  stars  in.^he  nortltern  hemisphere, — In  the  last  edition 
of  his  Wander  des  H'mmels^  Prof.  Littrow  gives  a  summary  of  the  num- 
bers of  stars  that  are  in  Argelander's  charts  of  the  northern  hemisphere. 

From  N.  declination,     0®  to  20^  110,087  sUrs. 
^-'"**  "      •     20*»  to  40^  105,082     " 

^/        "  "  40'  to  90%  108,131     ** 

Cll&ified  according  to  magnitude  there  are, 

Mng.  No.  of  Stars.  Haf?.  No.  of  Stan. 

1-1-9  10  6-6-9  4,328 

2-2-9  37  7-7-9  13,5U3 

3-39  128  8-89  67,960 

4-4-9  310  9-9-  237,544 

5-5-9        1,016 
There  are,  besides  these,  60  nebulae  and  64  variable  stars. — Heis^ 
Wochenschrifi,  Sept.  28th, 

4.  On  the  age  of  the  moon^s  surface  ;  by  J.  Nasmyth. — The  views  I 
entertain  on  the  subject  in  question  are  these,  namely,  that,  as  a  direct  con- 
sequence of  the  small  ma^s  of  the  moon,  and  its  comparatively  large  sur- 
face, it  mui^t  have  parted  with  its  original  cosmical  heat  with  much 
greater  rapidity  than  in  the  case  of  the  earth,  and  consequently  the  moon 
roust  have  assumed  a  final  condition  of  surface  structure  ages  before  the 
earth  had  ceased  fi-oni  its  original  molten  condition.  And  as  the  moon 
in  all  reasonable  probability  never  possessed  an  atmosphere  or  water 
envelope  (it  certainty  has  none  such  now),  while  the  earth  has  both,  the 
action  of  the  earth^s  atmosphere,  and  especially  that  of  its  ocean  when  it 
existed  in  the  first  instance  as  a  vast  vapor  envelope,  ere  the  earth  had 
cooled  down  so  as  to  permit  the  ocean  taking  up  its  final  position  as  an 
ocean,  this  mighty  vapor  envelope  must  have  retarded  the  escape  into 
space  of  the  cosmical  heat  of  the  earth  millions  of  ages  after  the  moon 
had  assumed  its  final  condition  as  to  temperature. 

Therefore  it  is  from  such  considerations  I  am  led  to  the  conclusion  that 
the  surface  features  and  details  of  the  moon  present  to  us  a  sight  of  ob- 
jects the  antiquity  of  which  is  so  vast  as  to  be  utterly  beyond  the  power 
of  language  to  express,  and  scarcely  less  so  for  the  mind  to  conceive. 

Such  considerations  appear  to  me  to  enhance  so  vastly  the  deep  inter- 
est which  ever  attends  the  examination  and  contemplation  of  the  moon's 
wonderful  surface,  that  I  would  earnestly  urge  those  who  agree  with  the 
soundness  of  these  views  to  bear  them  in  mind  the  next  time  they  have 
an  opportunity  to  behold  the  marvellous  deUiils  of  the  lunar  surface,  as 
I  am  fain  to  think  that  in  doing  so  the  interest  of  what  is  there  revealed 
to  them  will  be  rendered  vastly  more  impressive. — Proceedings  Manches- 
Ur  Lit,  and  Phil.  Soc.,  Nov.  15,  1864. 

5.  On  the  probable  error  of  a  Meridional  Transit-observation,  by  the 
eye-and-ear,  and  Chronographie  method;  by  Edwin  Ditnkin,  Esq. — At  the 
close  of  an  elaborate  discussion  of  the  observations  made  at  the  Royal 
Observatory  at  Greenwich,  in  1853  and  1857,  presented  to  the  Royal 
Astronomical  Society  in  May,  1864, Mr.  Dunkin  says: 
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In  laying  before  the  Society  the  preceding  abstracts,  which  are  the 
results  of  a  great  mass  of  computations,  I  consider  that  I  can  with  some 
confidence  offer  the  following  conclusions,  which  are  derived  from  this 
discussion : — 

(1.)  In  "«y«-anrf-«or"  observations,  the  probable  error  of  a  Greenwich 
transit  observed  in  1853  over  one  wire  is  db  0**078,  while  that  of  a  com" 
plete  transit  over  the  seven  wires  is  :t  0**02  9.  In  chronographic  observa- 
tions, the  probable  error  of  a  Greenwich  transit  observed  in  1857  over 
one  wire  is  ::h0**051,  and  that  of  a  complete  transit  over  the  nine  wires  is 
±0»017. 

(2.)  There  does  not  appear  to  be  any  certain  difference  in  the  probable 
error  of  transits  of  stars  between  the  first  and  sixth  magnitudes. 

(3.)  In  **  eye-and-ear*^  transits,  for  stars  whose  N.P.D.  is  greater  than 
60%  it  would  seem  that  the  probable  error  of  a  transit  increases  slightly 
as  the  N.P.D.  decreases ;  while  in  the  chronographic  transits  the  corres- 
ponding changes  are  insignificant 

(4.)  In  ^eye-and-ear^  transits,  the  personal  discordances  are  liable  to  a 
considerable  variation  between  the  different  observers ;  in  chronographic 
transits,  the  differences  between  the  observers  are  comparatively  small. 
The  general  steadiness  of  observing  by  the  latter  method  is  very  remark- 
able, and  shows  the  great  advantage  obtained  by  its  adoption. 

(5.)  The  probable  error  of  a  Greenwich  result  for  Right  Ascension  in 
the  year  1853,  as  determined  from  ^ eye-and-ear^^  transits,  is  ±0"*048  ; 
while  the  corresponding  probable  error  resulting  from  chronographic  tran- 
sits, in  the  year  1857,  is  ±0034.  By  arranging  the  separate  results 
into  groups,  according  to  the  stars'  magnitude,  it  is  found  that  no  certain 
difference  can  be  distinguished  in  the  accuracy  of  the  observed  transits, 
excepting  only  that  there  is  a  tendency  in  both  methods  towards  an  in- 
crease in  the  probable  error  when  transits  of  stars  of  the  first  magnitude 
are  observed.  The  amount  of  increase  in  this  instance,  however,  is  in 
reality  small,  and  is  probably  to  some  extent  accidental.  h.  a.  k. 

5.  Shooting  Stars  in  November,  1864. — Arrangements  were  made  at 
various  places  in  the  United  States  to  watch  for  the  shooting  stars  on  the 
mornings  of  Nov.  13th  and  Nov.  14th.  The  sky  was  entirelv  overcast 
in  most  places,  and  nearly  so  in  all.  Through  openings  in  the  clouds, 
which  would  last  a  few  minutes,  occasional  stars  were  seen,  but  whether 
there  were  more  than  usual  it  is  impossible  to  determine.  There  was 
certainly  nothing  like  the  great  display  of  1833. 

In  San  Francisco  the  sky  was  overcast.  It  is  possible  that  some  parts 
of  California  were  favored  with  clear  skies,  and  that  we  may  yet  obtain 
observations  from  them.  Mr.  Quetelet  writes  that  a  similar  clouded  sky 
prevented  observation  in  Brussels.  h.  a.  k. 

6.  Supplementary  note  to  the  article  on  the  Nebular  ffypothesis.-^Th^ 
form  of  Mars,  as  determined  formerly,  did  not  seem  to  agree  with  what  we 
might  expect  from  the  primitive  fluidity  of  the  planet  The  attention  of 
astronomers  having  been  recently  called  to  the  ellipticity  of  Mars,  it  seems 
now  to  be  improbable  that  it  has  so  large  an  ellipticity  as  has  been  hereto- 
fore received.  (This  Journal,  [2],  xxxviii,  436.)  We  thus  see  that  this 
nnconformable  case  is  likely  to  yield  to  the  requirements  of  the  nebular  hy- 
pothesis. We  may  venture  to  add  that  it  is  extremely  improbable  that 
Mars  has  an  ellipticity  differing  much  from  that  of  the  earth.         d.  t. 

Ail  Joub.  8cL--8E0oin>  Sxbiss,  You  XXXIX,  Na  lU,— Jah.,  190$. 
15 
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YI.    MISCELLANEOUS  INTELLIGENCE  AND  BIBLIOGRAPHY. 

1.  National  Academy  of  Sciences. — ^The  Report  of  the  National  Acad^ 
eray  of  Sciences,  made  bj  the  Academy  to  the  General  Government,  for 
the  year  1863,  has  been  published.  It  forms  an  octavo  volume  of  119 
pages,  with  several  maps.  It  contains  only  such  Reports  as  had  been 
made  by  committees  of  the  Academy  on  the  call  of  the  General  Govern- 
ment, with  a  brief  statement  of  the  operations  of  the  Academy  during 
the  year  1803.  The  more  important  contents  are  a  Report  on  the  pro^ 
tection  of  bottoms  of  iron  vessels  from  corrosion,  etc. ; — Report  of  the 
chairman  of  the  Compass  committee  appointed  to  make  experiments  for 
the  correction  of  local  attraction  in  vessels  built  partly  or  wholly  of  iron  ; 
— Report  of  the  committee  appointed  to  examine  the  *^  Wind  and  Cur- 
rent Charts^'  and  **  Sailing  Directions'^  issued  from  the  Naval  Observatory. 

At  the  last  meeting  of  the  National  Academy,  held  in  August  at  New 
Haven,  Ct.,  three  vacancies  in  its  list  of  members  were  filled  by  the  elec- 
tion of  Dr.  J.  C.  Dal  ton,  of  New  York,  Leo  Lesquereuz,  of  Columbus, 
Ohio,  and  S.  F.  Baird,  Assistant  Secretary  of  the  Smithsonian  Institution^ 

2.  American  Philosophical  Society. — The  Magellanic  premium  of  a 
gold  medal  has  been  awarded  by  the  Philosophical  Sociirty  to  Mr.  Pliny 
Earle  Chase,  for  the  discovery  of  numerical  relations  between  gravity  and 
magnetism. 

3.  Medals  of  the  Royal  Society. — At  the  Anniversary  meeting  of  the 
Royal  Society,  on  Wednesday,  the  last  day  of  November,  the  Copley 
medal  was  awarded  to  Charles  Darwin,  Esq.,  F.R.S.,  "  for  his  important 
researches  in  Geology,  Zoolo^,  and  Botanical  Physiology;"  and  the 
Ruroford  medal  to  J.  Tyndall,  F.R.S.,  for  his  researches  on  tLe  Absorption 
and  Rndiation  of  Heat  by  Gases  and  Vapors. 

4.  H.  R.  Schoolcraft. — This  distinguished  traveller,  and  investigator 
of  the  manners,  history,  and  language  of  the  American  Indian  tribes, 
died  at  Washington  on  the  1 9th  of  December,  in  the  seventy-second  year 
of  his  age. 

5.  F.  W.  Struve,  the  celebrated  astronomer  of  Pulkowa,  Russia,  died 
on  the  23d  of  November  last  His  son,  Otto  Struve,  was  appointed  his 
successor  last  year. 

6.  Thoughts  on  the  Influence  of  Ether  in  the  Solar  System^  its  relation 
to  tlie  Zodiacal  Lights  Comets,  the  Seasons^  and  periodical  Shooting  stars. 
By  Albxandbr  Wilcoo&s,  M.D.  Extracted  from  tlie  Transactions  of  the 
American  Philosophical  Society. — Dr.  Wilcocks  advances  the  hypothesis 
that  there  is  a  constant  circulation  of  ether  induced  by  the  heat  of  the 
sun ;  that  the  cold  ether  descends  near  the  poles  of  the  sun,  and  that 
heated  ether  ascends  from  the  sun*s  equator,  or  rather  from  a  parallel 
of  solar  latitude  just  north  of  the  equator;  that  this  heated  current  as  it 
rises  is  compressed  by  the  cold  ether  into  a  thin  conical  sheet ;  that  the 
ether  bears  with  it  matter  capable  of  reflecting  light,  and  thus  causes  the, 
zodiacal  liffht ;  that  the  tails  of  the  comets  are  lighter  than  the  ether, 
and  arise  fur  that  reason  from  the  sun,  except  when  near  the  poles  of  the 
sun,  when  they  are  made  to  descend  in  the  vortices  of  descending  ether, 
so  as  to  present  double  and  multiple  tails ;  that  twice  in  the  year,  in 
August  and  November,  the  earth  plunges  through  the  sheet  of  warm 
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etber,  causing  a  warm  period  in  each  month,  the  dog  days  and  the  Indi- 
an summer ;  and  that  in  the  middle  of  these  two  periods  it  causes  the 
return  of  the  August  and  November  meteors. 

Dr.  Wilcocks  has  brought  together  and  framed  into  a  plausible  hy- 
pothesis many  facts,  some  of  them  hitherto  not  connected  with  any 
theory.  But  we  do  not  believe  that  astronomers  and  physicists  will  be 
likely  to  accept  his  explanation.  What  he  says  relative  to  the  seasons, 
and  to  the  shooting  stars  seems  peculiarly  open  to  criticism.  Why,  for 
instance,  the  two  periods  of  heat  (supposing  them  to  have  an  existence,) 
should  not,  according  to  his  hypothesis,  be  equidistant  from  the  6th  of 
June  and  5th  of  December,  the  two  days  when  the  earth  is  in  the  sun's 
equator,  he  does  not  explain.'  For  the  middle  day  of  one  period  he  names 
the  11th  of  August,  which  is  67  days  from  the  5th  of  June,  while  that  of 
the  other,  which  he  calls  the  12th  of  November,  is  only  24  days  from  the 
5th  of  December.  In  what  way  the  periodical  star-showers  could  possibly 
be  produced  by  such  an  ether  we  find  it  diflScult  to  imagine,      h.  a.  n. 

7.  Report  of  the  Superintendent  of  tlu  Coast  Survey,  showing  the 
progress  of  the  Survey  during  the  yemr  1 862.  xx  and  434  pp.,  4to,  with 
49  diagrams  and  charts.  Washington,  1 864. — Besides  the  General  Re- 
port on  the  Survey  and  its  maps,  there  is  the  usual  Appendix  of  Special 
ileports  relating  to  various  collateral  physical  observations.  The  subjects 
include — ^Tide  tables  for  mariners ;  Cotidal  lines  for  the  Gulf  of  Mexico ; 
Longitude  of  America  from  Europe,  by  Prof.  Peirce;  Lunar  tables  hy 
the  same ;  Longitudes  in  Maine,  Alabama  and  Florida,  by  B.  A.  Gould  ; 
various  series  of  Magnetic  observations ;  Solar  spots ;  Bessel's  periodic 
funcUons ;  calculation  of  the  depth  of  the  Pacific  from  the  earthquake 
wave*  of  SinK>da;  Origin  of  the  Florida  ReeC  by  K  B.  Hunt,  etc. 

8.  Eulogy  on  Joseph  S.  Hubbard  ;  by  B.  A^  Gould.  44  pp.,  12mo^ 
— This  eulogy  was  written  in  compliance  with  the  call  of  the  National 
Academy  of  Sciences,  which  in  its  constitution  piovidesfor  such  a  tribute 
in  commemoration  of  each  member  that  may  be  removed  by  death. 
ProC  Gould  had  in  his  friend  a  congenial  and  inspiring  theme.  High 
mathematical  powers  combined  with  astronomical  tastes,  an  energetic, 
investigating  mind,  and  a  frank  and  genial  disposition  tempered  by  a  true 
Christian  spirit,  had  accomplished  much  for  science.  The  tribute  is  ad- 
mirable as  a  biographical  notice,  appreciative,  eulogistic  but  not  beyond 
justice,  and  of  special  value  as  a  chapter  in  the  history  of  American 
astronomy. 

9.  Chambers^ s  Eneydopedia. — A  new  volume — the  Sixth — of  this 
popular  Encyclopedia,  a  work  well  filled  out  and  illustrated  in  the  de- 
partments of  science,  as  well  as  in  other  varied  branches  of  knowledge, 
has  just  been  issued  by  the  American  publishers,  J.  B.  Lippincott  d^Co.,^, 
of  Philadelphia.    The  volume  (826  pp.)  carries  the  alphabet  nearlyS 
through  N.  W 

10.  Abstracts  of  Meteorological  Observations  made  at  the  Magnetical 
Observatory,  Toronto,  Canada  West,  during  the  years  1854  to  1659,  in- 
clusive. 186  pp.  4to.  Toronto,  1864.  Results  of  Meteorological  Obser- 
vations made  at  the  Magnetical  Observatory,  Toronto,  during  the  years 
1860,  1861  and  1862.     84  pp.  4to.     Toronto,  1864. 

11.  Review  of  American  Birds  ;  by  S.  F.  Baird. — The  publication  and 
issue  of  this  work  has  already  reached  the  148th  page. 
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12.  Monograph  of  ik$  Bats  of  North  America;  by  H.  Allen,  M.D. — 
Smithftonian  Muoelianeous  CoUectioDft,  No.  166.  Washington.  86  pp.* 
8vo,  with  numerous  wood-cuts. — The  species  included  in  this  important 
monograph  are  those  of  North  America  north  of  Mexico. 

13.  American  Journal  of  Conchology, — A  prospectus  has  just  been 
issued  bj  G.  W.  Tryon,  Jr.,  of  Philadelphia  (625  Market  St.),  proposing 
the  publication  of  a  Quarterly  Journal  of  Conchology,  and  soliciting  sub- 
csriptions.  Price  ten  dollars  a  year ;  single  numbers  three  dollars.  We 
oommend  it  to  all  interested  in  the  progress  of  science. 

The  Plurality  of  the  Human  Race ;  by  G.  Poucbr.    Translated  from  the  Freocfa 
by  H.  J.  G.  Beavan.    London,  1864.    Published  for  the  AnthroTOlogical  Society. 
TK«  Pi.An/«mAn«  /»f  TTifKrifj|ty  In  thc  gcQUs  Homo,  by  Dr.  Paul  BaocA.    Pub- 
1  Society, 
by  Albut  0.  L.  GuNTBxa.    Published  by  the  Ray 

of  Great  Britain  and  Ireland;  by  John  Blackwall, 

y  Society.    1864. 

id  the  lower  auimalB  (in  French) ;  by  A.  di  Quatki- 

ong  der  Meteoriten ;  von  Gostay  Rosa.    162  pp.,  4to, 

ingen,  of  the  Netherland  Meteorological  Institute,  for 
it,  1864. 

EaiOAN  AoADKHT  OF  AaTs  AMD  Scmcon,  Vol.  VL — 
of  Baryta;  W,  P,  Dexter.— p.  106,  Embryology  of 
B.,  with  a  plate;  A,  Aaauut  [noticed  at  p.  ISO,  vol 
\,  Co  the  velocity  of  light  and  the  Sun's  distance ;  Xov- 
ed  motions  of  the  Companion  of  Sinus ;  T.  H.  Safford. 
tah  Meteorite;  C7.  T,  JaekaoH,^^.  169,  On  the*new 
ci-glass  introduced  by  Steinheil,  with  a  plate ;  Bond. — 
leen  at  the  Observatory  of  Harvard  College ;  Bimd.— 
the  plants  referred  to  that  Genus;  A.  Oray.^p.  18a, 
lainly  by  the  fruit)  of  the  North  American  species  of 
A.  Cfray, — p.  241,  On  the  causes  of  Insanity  among 
the  R.  A.  of  the  pole  star  as  determined  from  obser- 
1,  On  a  process  of  organic  elementary  analysis  by  com- 
1  gas ;  C7.  M,  Warren  [see  last  vol.  of  this  Jour.,  p.  887]. 
leoologice ;  JP.  Tuekerman, — p.  288,  Investigation  on 
entatioo  of  all  the  mutual  ratios  of  k  quantities  by 
iver, 

>.  Nat.  Sol  Philadelphia.  No.  4,  Sept  and  Oct.  1864. 
ions  of  the  Raniformes;  B.  D.  Cope.^p.  16S.  Def«rip> 

0  be  new;  A.  WincheiL — p.  166,  New  genera  and  spe- 
a  Wood,  Jr.—f,  187,  Note  on  the  Puralepidtiids  and 

B  peculiarities  of  Arctic  Ichthyology ;  T.  Out, — p.  189, 
ot  eastern  N.  A. ;  tdl— p.  194  and  p.  214,  Synopsis  of  the 
md  Northwestern  America ;  id. — p.  199,  on  the  affinities 
— p.  208 ,  Note  on  the  fomily  of  Sticfasoids ;  id, — p.  211, 
ions  of  new  fossil  species  and  genera ;  T.A.  Conrad. — 
be  higher  groups  of  Reptilia  squamata,  and'efipecially  of 
—p.  231,  On  a  blind  Silurid,  from  Pennsylvania;  S.  D. 
logis;  Obituary  of  P.  L.  S.  Miiller;  J.  Caatin. 
X  iNSTiTOTa,  Salbm,  Mass.— Vol.  Ill,  includes  years 
mences  with  the  year  1864.  No.  8  of  Vol.  IV,  Oa^Jt 
tains  the  conclusion  of  J,  A,  Allen* t  Catalogue  of  the 
a  paper  on  the  habits  of  some  species  of  Humble 

D  SootRT  OF  NATuaAL  HiRToaT,  Vol.  I,  No.  1.    Port- 

1  occupied  by  E.  S.  Morse's  paper  on  the  Terrestrial 
id  in  the  last  volume  of  this  Journal  (p.  808). 
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Abt.  XVI. — On  Terrestrial  Magnetism^  as  a  mode  of  Motion;  by 
Pliny  Earle  Chase,  M.A.,  S.P.A.S.' 

In  a  note  to  a  former  communication,  I  expressed  my  belief 
that  the  British  .Astronomer  Boyal  would  find  m  the  mechanical 
action  of  the  sun's  rays,  the  precise  "occasional  currents"  for 
"which  he  was  seeking,  as  the  probable  cause  of  magnetic  storms. 
Mr.  Airy  has  recently  sent  me  a  copy  of  his  very  interesting 
paper  {Travs.  Boy,  Soc,^  1863,  Art.  xxix),  and  its  perusal  has 
greatly  strengthened  this  belief. 

All  of  my  meteorological  views  rest  upon  the  hypothesis,  that 
the  atmospneric  changes,  whether  of  humidity,  temperature, 
pressure,  electricity,  or  magnetism,  are  purely  mechanical ;  and 
that,  being  controlled  by  the  laws  of  motions,  their  proper  ex- 
planation does  not  require  the  assumption  of  any  peculiar  mag- 
netic or  electric  fluid,  but  that  a  sinde  homogeneous,  elastic,  and 
all-pervading  aBther  may  be  both  the  source  and  the  receptacle 
of  all  the  various  forms  of  force.  In  its  principal  features,  this 
theory  harmonizes  with  the  now  generally  accepted  belief  in  the 
mechanical  origin  of  light  and  heat,  but  in  its  details  it  involves 
some  new  and  interesting  special  applications,  which  I  have  en- 
deavored partially  to  develop. 

It  will  oe  readily  seen,  by  a  reference  to  my  communication 
of  April  15  {Proc.  A,  P.  A,  ix,  867,  et  seq.)^  that  the  mec/ian- 
teal  action  of  the  currents  to  whose  electric  action  Ampere 
ascribed  the  origin  of  terrestrial  magnetism,  produces  two  oppo- 
site spirals  in  the  air  and  aether, — the  lower  moving  from  the 

'  From  the  Proceedings  of  the  American  Philosophical  Society,  Oct.  21, 1864. 
Am.  Joub.  8cL*SE0oifi>  Ssrdes,  Vol.  XXXIX,  Na  116.— Maboh,  18Q5. 
16 
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poles  to  the  equator,  and  against  the  earth's  rotation ;  the  upper 
irom  the  equator  to  the  poles,  and  in  the  same  direction  as  the 
earth's  rotation ;  the  two  being  connected  by  innumerable  cur- 
rents of  convection,  or  threads  of  ascending  and  descending 
particles.  It  will  also  be  evident  that  at  every  place  there  are 
two  principal  sets  of  such  double  spirals,  one  with  an  axis  per- 
pendicular to  the  earth's  radius  vector,  producing  a  maximum 
disturbance  in  the  early  afternoon,  and  the  other  more  stable  and 
uniform,  with  an  axis  passing  through  the  nearest  poles  of  great- 
est cold.  In  addition  to  the  mutual  perturbations  of  these  two 
I)rincipal  polarizing  currents,  the  rolling  of  the  luni-tidal  attrac- 
tion-wave produces  at  every  instant  a  greater  or  less  derange- 
ment,* and  I  i3nd  that  the  ratio  of  the  lunar-barometric  to  tne 
lunar-magnetic  disturbance,  (4*384),  is  nearly  identical  with  Mr. 
Welsh's  determination  of  the  moment  of  magnetic  inertia  (4*4696 ; 
Phil.  Ti-ans.^  cliii,  297).  From  a  variety  of  considerations,  it 
appears  that  the  mechanical  polarity  or  magnetic  force  thus  en- 

fendered  is  a  third  proportional  to  two  other  forces,  which  may 
e  called,  respectively,  central  and  tangential. 
The  communication  which  was  presented  at  the  meeting  of 
Oct.  7,  in  its  exhibition  of  the  first  numerical  relationship  that 
has  even  been  pointed  out  between  the  barometric  and  magnetic 
fluctuations,  showed  that  A  :  B  :  :  B  :  M,  a  proportion  in  which 
A  represents  a  central,  B  a  tangential,  and  M  a  magnetic  force. 

I  find  a  similar  proportionality  in  each  of  Mr.  Airy's  sum- 
mary tables  (Op.  cit,  p.  627,  seq).  Thus,  in  his  "Table  II, 
Algebraic  Sums  of  Magnetic  Fluctuations  (in  terms  of  Hori- 
zontal force)  for  each  Year,  from  1841  to  1857,  including  all 
Days  of  Record  of  Great  Magnetical  disturbance,"  the  Mean 
Disturbance  is 

Wetterlj  force.  Northerly  force.  Nidir  force. 

-  •00U28=M.  -  -OOHttssT.  -  •00067=0. 

Here  the  proportion  T :  C  : :  C  :  M  gives  for  M  a 

Theoretical  value,        .  ...       -  *0002S2 

Observed        "  ...  — -000228 

Probable  error,     .  .  .  *OU0OSO 

"Table  III.  Algebraic  Sums  of  Magnetic  Fluctuations  (in 
terms  of  Horizontal  Force)  for  each  Year,  from  1841  to  1857, 
including  only  those  Days  of  Great  Magnetic  Disturbance,  in 
which  Records  were  made  by  the  three  Instruments." 

Theoretical  value  of  M,    .  .  .  .--000287 

Observed        *«"...        - -000267 

Probable  error,  .  '000068 

*  Besides  the  great  disturbing  agencies,  whose  effects  may  perhaps  be  detemiiii« 
able  by  mathematical  prediction,  every  transient  local  accnmulatiun  of  heat  or  cold 
will  exert  an  influence.  Ererythiag  that  can  produce  currents  or  eddies  in  the  at- 
mosphere, may  also  be  presumed  to  affect  the  lether,  and  the  inconceivable  rapidity 
of  tne  lethereal  motions,  as  manifested  in  the  velocity  of  the  waves  of  light  and 
heat,  wiU  account  for  the  extreme  seDsitiveness  of  the  magoeiic  needle. 
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Tables  V  and  Jll  exhibit  an  approximation  to  the  proportion, 
C  :  T  :  :  T  :  M,  but  the  approximation  does  not  come  within  the 
limits  of  probable  error.  As  no  attention  is  paid  in  these  two 
Tables  to  the  positive  and  negative  signs,  we  could  not  reason- 
ably expect  so  satisfactory  results  as  in  Tables  II  and  III. 

"  Table  VIII.  Sums,  without  regard  of  sign,  of  CoeflBcicnts 
of  Magnetic  Irregularity  (in  terms  of  Horizontal  Force)  for  each 
Year,  from  1841  to  1857,  including  all  Days  of  Record  of  Great 
Magnetical  Disturbance."  The  proportion  C  :  T  :  :  T  :  M,  gives 
for  M  a 

Theoretical  TAlue,     .  .  .-001218 

OUerved        "  ....         '001208 

Probable  error,  ....  -000066 

"Table  IX.  Sums,  without  regard  of  sign,  of  Coefficients  of 
Magnetic  Irregularity  (in  terras  of  Horizontal  Force)  for  each 
Year,  from  1841  to  1857,  including  only  those  Days  of  Great 
Magnetic  Disturbance,  in  which  records  were  made  by  the  three 
Instruments." 

Theoretical  valne  of  M,  .  .  •        -001 1 87 

Observed        ""....   001160 

Probable  error,  .  .  .        -000081 

In  addition  to  these  numerical  coincidences,  the  following 
points  in  Mr.  Airy's  paper  appear  to  me  to  be  specially  note- 
worthy. 

1.  "  The  Aggregate  for  the  Westerly  Force  ....  (taken  in 
comparison  with  that  for  the  Northerly  Force),  appears  to  show 
that,  on  the  whole,  the  direction  for  the  Disturbing  Force  is  10*^ 
to  the  east  of  south;"  p.  628.  This  indicates  a  line  of  mean 
disturbance  about  midway  between  the  magnetic  meridian  (which 
at  London,  is  about  N.  24*^  W.),  and  the  solar  meridian,  or  mid- 
way between  the  meridians  of  decussation  in  the  two  sets  of 
principal  spirals,  to  which  I  have  referred. 

2.  *'  Sometimes  two  waves  in  one  direction  correspond  nearly 

with  one  in  the  other  direction A  more  frequent  relation 

appears  to  be,  that  the  evanescence  of  one  wave  corresponds 
with  the  maximum  of  the  other ;"  p.  685. 

8.  "The  most  striking  particulars  in  the  last  line  (of  Tables 
Vlir  and  IX)  are  the  following: 

"  First,  the  almost  exact  equality  of  the  Mean  Coefficients  of 
Irregularity  in  the  three  elements.  .  .  .  With  reference 
to  their  physical  import,  I  think  it  likely  that  the  equality  of  Co- 
efficients of  Irregularity  may  hereafter  prove  to  be  one  of  the 
most  important  of  the  facts  of  observation."  • 

"Second,,  the  near  agreement  in  the  number  of  Irregularities 
for  Westerly  and  for  Northerly  Force. 

*  Tbit  approach  to  eqnality  appears  to  be  atill  more  important,  in  view  of  the 
proportionality — C  :  T : :  T  :*M— p.  il  a 
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"Third,  the  near  ngreement  in  the  numbcnof  Irregnlnrilies 
for  Nndir  Force  with  half  the  number  of  Irregularities  for  Wes^ 
erly  or  for  Northerly  Force ;"  pp.  641-2. 

4.  Tftbles  X  and  il  (pp.  643-4^  show  that  the  disturbances  are 
greatest  in  the  winter  months  and  in  the  night  hours.  Table  X 
also  appears  to  indicate  minima  of  fluctuations  and  inequalities 
in  months  when  there  is  the  greatest  uniformity  of  temperature, 
and  maxima  when  the  changes  of  temperature  are  greatest  and 
most  frequent. 

5.  Tables  XI  and  XII  furnish  the  materials  for  the  following 
synopsis; 


ForoM. 


i»  ^  f  Tiuiu  ot  ninx., 
^  ^  J  T'niur  of  mill., 
;^  I  Amt.  of  max., 
'       t  Amt.  of  mill., 

^  ^  fTimeofjuax., 
%  i  j  Time  of  mill., 


]  Amt  of  max., 
(^  Amt.  of  min., 

"Time  of  ma?.. 
Time  of  min., 
Amt  of  max. 
Amt.  of  min. 


Sum«  of  Wave 
di«turbaoce. 


20  h. 
lOA. 

•mo 

•0166 

22  ^. 
•1407 
•0038 

1h. 
22  A. 
•8970 
•0866 


Sums  of  I    Moan 
Ifri>gulaii-  Wi.vn  din- 
turbancea. 


lOA. 
21  A. 

•2jyi 

•OJiS 

UK 

•t017 
•0674 

Mk. 
\k. 

•n;^8 

•0306 


lo/#. 
28  A. 
•IU76 
•0846 

Bk. 

•1764 
•0441 

lOA. 
23  A. 
•1241 
•0177 


20  A. 

10  A. 
+  00142 
-•00166 

6  A. 
22  A. 
+  0003S 
-•0081^9 

oa: 

17  A. 

+•00670 
00380 


Avcragfl 
d<'p;iriure 
Iroin  muaii 


13  A. 

2  A. 

•00104 

•00U66 

20  A. 
1-2  A. 
•00168 
'00093 

8A. 

22  A. 
•00363 
•00167 


Mean  Tr- 
regalttiit\ 


16  A. 

I  A. 

•00162 

•00074 

15  A. 

23  A. 
•00144 
■00077 

OA. 

23  A. 

•00180 

•00074 


Freq«eDcy 
ofStorma. 


9A. 
23  A. 
126 

«l 

8  A. 
•23-1  A. 
186 
67 

IDA. 
lA. 
86 
19 


-**  The  Soli-tidal  character  of  the  principal  characteristics  of 
the  occasional  Magnetic  Storms,  as  to  frequency,  magnitude^  in- 
equalkies  of  wave  disturbance,  and  Irregularities,  is  seen  clearly 
in  this  Table."  (Table  XII)  p.  645.  There  are  subordinate 
maxima  and  minima,  the  consideration  of  which  will  become  in- 
teresting, when  the  laws  of  the  principals  have  been  well  ascer- 
tained  and  defined. 

6.  " In  regard  to  the  Wave-disturbance:  for  Westerly  Force, 
the  acrgregate  is  -f  from  17*»  to  6*»,  —  from  7*>  to  16*»;  for  North- 
erly Force,  the  aggregate  is  +  from  3^»  to  5**,  —  from  6^  to  2*; 
and  for  Nadir  Force,  the  aggregate  is  +  from  23^  to  10*»,  —from 
llhto22h;"  p.  644. 

7.  Mr.  Airy  presents  some  conclnflive  considerations,  "show- 
ing that  the  observed  disturbances  cannot  be  produced  by  the 
forces  of  any  suddenly  created  galvanic  current  or  polar  mag* 
•net,"  and  remarks  as  follows,  respecting  his  theory:  " Its  fun* 
damental  idea  Is,  that  there  may  be  in  proximity,  to  the  earth 
•something  which  (to  avoid  unnecessary  words)  I  shall  call  a 
Magnetic  Ether;  that  under  circumstaoaces  generally,  but  not 
always,  having  reference  to  the  solar  hour,  and  therefore,  prob- 
ably, depending  on  the  sun's  radiation  or  on  its  suppression,  a 
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CTLirent  from  N.N.W.  to  S.S.E.,  approximntely,  or  from  S.S.E. 
to  N.N.W.  (according  lo  the  boreal  or  austral  nnture  of  the 
ether),  is  formed  in  this  Ether ;  that  this  current  is  liable  to  in- 
terruptions or  perversions  of  the  same  kind  as  those  which  we 
are  able  to  observe  in  currents  of  air  and  water;  and  that  tl^eir 
effect  is  generally  simil.ir,  producing  eddies  and  whirls,  of  y\o 
lence  sometimes  far  exceeding  ihat  of  the  general  current  from 
"Which  they  are  derived;"  p.  646. 

8.  "And  in  the  relation  oetween  E.  and  W.  disturbances  and 
vertical  disturbances,  there  is  a  point  which  well  deserves  atten- 
tion. When  a  water-funnel  passed  nearly  over  the  observer, 
travelling  (suppose)  in  a  N.  direction,  he  would  first  experience 
n  strong  current  to  the  E.,  afterward  a  strong  current  to  the  W. 
(or  vice  versa),  and  between  these  there  would  be  a  very  strong 
vertical  pressure  in  one  direction,  not  accompanied  by  one  in 
the  opposite  direction  ;  thus  he  would  have  hull*  as  many  verti* 
cal  as  horizontal  impulses.  This  state  of  things  corresponds  to 
the  proportion  whicii  we  have  found  throughout  for  the  mag* 
netic  disturbances,  and  to  the  relation  found  in  Article  18.  I 
may  also  add  that  the  rule  at  which  we  have  arrived,  that  the 
waves  of  vertical  force  are  few,  but  that  their  power,  when  they 
do  occur,  is  very  great, 'seems  to  correspond  with  what  is  reported 
of  the  whirlwinds  of  great  atmospheric  storms ;  which,  violent 
and  even  frequent  as  they  may  be,  occur  very  rarely  at  any  as* 
signed  place ;    p.  647. 

I  add  a  few  considerations  from  Maj.  Gen.  Sabine's  discussions. 
{Phif.  Trans,,  cliii,  Art.  Xll.) 

0.  "  The  westerly  deflections  at  Kcw  .  .  .  have  a  decided 
double  maximum,  with  an  intervening  interval  of  about  eight 
or  nine  hours. 

•  •  •  The  conical  form  and  single  maximum  which  character- 
iees  the  easiei-ly  deflections  at  Kew,  belong  also  to  the  easterly 
deflections  in  all  localities  in  North  America,  where  the  laws  of 
the  disturbances  have  been  investigated.  But  ...  at  Nert- 
schinsk  and  Pekin  .  .  .  the  conical  form  and  single  maximum 
characterize  the  xcesterly  deflections,  whilst  the  easterly  have  the 
double  maximum.  ...  At  the  two  Asiatic  stations,  the  ag- 
gregate values  of  the  westerly  deflections  decidedly  predominate, 
whilst  in  America  the  easterly  deflections  arc  no  less  decidedly 
predominant;  and  at  Kew,  .  .  .  the  amount  of  deflection  in 
the  two  directiwis  may  be  said  to  be  balanced  ;"   p.  282. 

10.  The  differences  of  the  weekly  from  the  annual  means  of 
declination,  indicate  "  with  a  very  high  degree  of  probability, 
an  annual  variation,  whereby  the  north  end  of  the  magnet  points 
more  toward  the  east  when  the  sun  is  north,  and  toward  the 
west  when  the  sun  is  south,  of  the  equator ;"  p.  291. 
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11.  The  residual  errors  in  the  monthly  determinations  of  the 
Horizontal  Force  and  of  the  Dip  *'are  thoroughly  confirmatory 
of  a  semi-annual  inequality,  having  its  epochs  coincident,  or 
nearly  so,  with  the  sun's  passage  of  the  equator;"  p.  303. 

12.  There  appears  to  be  "  an  increase  of  the  Dip  and  of  the 
Total  Force,  and  a  deflection  of  the  north  end  of  the  Declination 
magnet  toward  the  West,  in  both  hemispheres,  in  the  months  of 
October  to  March,  as  compared  with  those  from  April  to  Sep* 
tember.  .  .  .  The  greater  proximity  of  the  earth  to  the  sun 
in  the  December  compared  with  the  June  Solstice  most  naturally 

{presents  itself  as  a  not  improbable  cause ;  but  we  are  as  yet  too 
ittle  acquainted  with  the  mode  of  the  sun's  action  on  the  mag- 
netism of  the  earth,  to  enter  more  deeply  into  the  question  at 
present;"  p. 307. 

I  have  neither  the  leisure  nor  the  ability  to  undertake  an  ex- 
haustive analysis  of  the  results  thus  brought  together;  but  I 
present  them  as  well  worthy  of  a  profound  mathematical  investi- 
:gation,  as  confirmatory  in  very  striking  and  minute  particulars 
of  my  mechanical  hypotheses,  and  as  furnishing  new  and  strong 
presumptive  evidence  of  that  marvellous  simplicity  of  force  to 
which  many  independent  branches  of  modern  physical  research 
so  strongly  point.  This  evidence  is  strengthened  by  the  exist- 
ence, as  i  have  shown  elsewhere,  of  the  tidal  law  of  sines  in 
the  solar-diurnal  variation  of  the  magnetic  needle,  by  the  mag- 
netic effect  of  the  daily  barometric  rotation  tide,  as  exhibited 
in  the  convergence  of  lines  of  equal  barometric  disturbance 
toward  the  hours  of  high  barometer  and  their  divergence  from 
the  hours  of  low  barometer,  by  many  points  of  resemblance  be- 
tween the  daily  and  yearlv  variation  curves,  both  of  tempera- 
ture and  of  magnetism,  andf  by  certain  considerations  confirma- 
tory of  the  reasonable  presumption  that  there  may  be  lunar 
monthly  magnetic  tides,  somewhat  analogous  to  those  which  I 
have  pointed  out  in  the  barometer.  {Proceedings  ofOie  Boy.  JSoc^ 
June  16,  and  of  the  Am.  Pliil  Soc.,  June  17,  1864.) 

Besides  the  differential  or  tidal  action  of  the  moon,  there  is  a 
slight  tendency  to  diminish  the  weight  of  the  air  that  is  nearest 
the  moon,  and  to  increase  the  weight  of  that  which  is  most  re- 
mote. In  proportion  as  this  tendency  is  exerted  in  conjunction 
with,  or  in  opposition  to,  that  of  the  sun,  the  mean  solar-diurnal 
magnetic  currents  should  be  increased  or  diminished.  Slight  aa 
the  disturbing  influence  is,  and  modified  as  it  must  be  by  vari- 
ous causes,  both  occasional  and  periodic  (e.  g.  the  earth's  rotation, 
the  cyclical  revolution  and  consequent  varying  latitude  of  the 
4noon  at  the  commencement  of  each  new  month,  the  oscillations 
in  the  aerial  rotation-spheroid  produced  by  lunar  attraction,  the 
changes  in  the  average  temperature  of  day  and  nidit  at  differ- 
ent seasons  and  different  years,  &c.),  it  may  yet^  perhaps,  be  dis* 
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oemible  in  comparing  the  results  of  a  long  series  of  carefnl  and 
delicate  observations  The  accompanying  tables  are  deduced 
from  sach  a  comparison  of  the  St.  Helena  records. 

Table  I. 

Solar  and  Lunar  Daily  Magnet  ie  7\det,  in  parti  of  Force,* 


floter 

■bd 

Laaar 

Hoan. 

Vertical  fore*.            | 

Toul  Ibree.              | 

Solar. 

Lunar. 

8«4ar. 

Lanar. 

Salar 

Lonar. 

•00 

•000 

•000 

•000 

•000 
+95 

•000 

0 

+  1099 

+006 

-022 

-005 

+005 

1 

+0911 

-008 

+229 

+027 

+82 

-001 

8 

+0628 

-on 

+446 

+081 

+60 

-005 

8 

+0868 

-014 

+598 

+044 

+40 

-008 

4 

+0188 

-020 

+688 

+078 

+20 

-007 

5 

-0080 

-014 

+608 

+041 

+01 

-006 

« 

-0270 

-007 

+6U 

+050 

-15 

+001 

7 

-0894 

-004 

+545 

+028 

-86 

+001 

8 

-0465 

000 

+800 

-018 

-86 

-008 

9 

-0511 

+028 

+219 

-Oil 

-41 

+018 

10 

-0530 

+082 

+074 

-017 

-45 

+025 

n 

-0522 

+081 

-Oil 

-087 

-46 

+028 

18 

-0481 

+019 

-too 

-008 

-48 

+016 

18 

-0449 

+017 

-165 

+005 

-41 

+015 

14 

-0405 

+018 

-2-24 

+019 

-88 

+014 

15 

-0876 

-009 

-289 

+048 

-86 

-0(»l 

18 

-0858 

-Oil 

-845 

+051 

-85 

-008 

17 

-0829 

-008 

-898 

+029 

-84 

-008 

18 

-0298 

-009 

-465 

+018 

-88 

-006 

19 

-0154 

-001 

-518 

-on 

-20 

-005 

80 

+0180 

+008 

-582 

-058 

+08 

-005 

81 

+0470 

+006 

-491 

-050 

+84 

-008 

28 

+0803 

+018 

-427 

-054 

+68 

+004 

88 

+1019 

+009 

-214 

-067 

+85 

-001 

Table  II. 
Lunar-Xontldy  Magnetic  Tide  of  Horizontal  Force. 


Moon** 
Ptoitioo. 

o 

Moan  Daily  Ploeianliona  of  Hori- 
xonul  Furca  at  St.  Uelana.* 

Moon'a 
Poaitlon. 

0 

180 
195 
2!0 
225 
240 
255 
270 
285 
800 
815 
880 
845 

Mean  Daily  FlnelontiMta  of  Hori-   1 
sontal  Force  at  St.  IIvImin          | 

1844. 

1845. 

1846. 

1844-6. 

1844. 

184A. 

1846. 

Arerafo. 

0 

15 

80 

45 

60 

75 

90 

105 

120 

185 

150 

165 

61-81 
61-66 
62-20 
6282 
62  56 
6-i-76 
6182 
6137 
60-47 
59-42 
60-28 
60-54 

58  75 
58-29 
52-85 
5361 
5240 
5286 
52-80 
58  11 
58-43 
58-60 
5H-01 
58-46 

40-88 
41-24 
41-78 
41-81 
4066 
41-84 
4154 
40-42 
89-97 
4046 
40*14 
8972 

51-98 
52  06 
52-26 
5-2-58 
51-87 
5215 
52  05 
51-68 
51-29 
51  16 
51*18 
51-24 

58-81 
59-89 
59-85 
58-88 
5966 
60  85 
60-50 
60  89 
61-64 
61-80 
6214 
62-16 

5391 
58-64 
58-57 
62  91 
6280 
52-9> 
58-48 
53-81 
52  82 
5810 
5845 
5297 

40  86 
4087 
40-70 
40-74 
8979 
40-70 
4065 
4110 
41-41 
41-84 
4889 
4185 

51-19 
5110 
51-20 
50-85 
50-75 
51-88 
51-51 
51-94 
51-96 
52-08 
52-66 
52-88 

*  The  first  decimal  figures  are  placed,  for  cooTenience,  In  an  upper  line. 

*  The  ralue  of  one  scale  diviskn  is  *00019  of  the  boriiootal  fofce,  in  1844  and 
1845,  ami  -00081  io  1846. 
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Table  I  is  compiled  from  Maj.  Gen.  Sabine's  Tables  86,  87, 
60,  61,  52,  53  {Si.  Helena  Observations^  ii).  It  is  especially  in- 
teresting as  showing  the  influence  of  the  opposition  of  attrac* 
tion  to  rotation  in  producing  low  solar  tides  at  10  or  11  P.  M., 
the  prompt  and  direct  influence  of  the  sun  upon  the  sethercal 
currents  m  the  production  of  a  high  tide  at  noon,  the  double 
maxima  and  minima  in  each  of  the  lunar  tides,  the  additional 
confirmation  of  the  analogies  that  I  have  heretofore  pointed  out 
between  the  spheroids  of  attraction  and  rotation,  the  opposition 
of  the  solar  and  the  resemblance  of  the  lunar  zenith  and  nadir 
effects,  and  the  evidence  in  the  partial  "establishment"  of  the 
moon's  tides  that  most  of  her  magnetic  influence  is  exerted  indi- 
rectly on  the  aether,  through  the  intervention  of  atmospheric  at- 
traction-currents. 

*  Tables  II  and  HI  were  formed  by  taking  the  mean  of  the 
hourly  averages,  on  the  twenty-four  days  in  each  lunar  month 
which  are  most  nearly  indicated  by  the  angular  positions  given 
in  the  first  column.  Each  of  the  tabular  numbers  for  18-14  and 
1845  represents  the  average  of*two  hundred  and  eighty-eight 
hourly  observations;  each  of  the  numbers  for  1846,  the  aver- 
age of  two  hundred  and  sixty-four  observations,  with  the  few 
exceptions  of  holidays  and  other  omitted  dajs,  for  which  the 
missing  numbers  were  interpolated.  Table  II  indicates  a  tend- 
ency to  mean  lunar  influence  between  90°  and  105°»  and  be- 
tween 270°  and  285°,  the  influence  increasing  when  the  moon 
acts  either  in  conjunction  with  the  sun,  or  directly  upon  con- 

Tablb  III. 


Lunar- MorUhlff  Magnetic  7\de  of  Vertical  Force, 

Moon*« 
Position. 

o 

Mmo  Dnily  PlueliuUonfl  of  Veriical 

Moon*.! 
PuiiiUon. 

o 

Mean  Unity  Flnrtuatinni  of  Voitleall 

Force  nt  St  H.lena.* 

Puree  at  .-^t.  Helenft.               | 

1844. 

1845. 

1846. 

1844-6 
Avernfe. 

1844. 
47mS6 

1846. 

1846. 
4664 

Averaft. 
4712 

0 

48-42 

48-51    48-56 

^4^6^88^ 

180 

47-77 

15 

48il 

48  55 

48  911 

46-89 

195 

47  96 

4802 

46-29 

47-42 

80 

4788 

48  58 

44  55 

46-80 

210 

48  14 

48-26 

45-88 

47-48 

45 

4788 

48-25 

48-96 

46-51 

225 

47-49 

48-26 

46  89 

47-88 

60 

47*15 

48-47 

48-69 

46-54 

240 

48-40 

48-60 

4582 

47-44 

75 

47-62 

47-88 

4»-i2 

46-57 

255 

4816 

48-52 

44  64 

47-11 

90 

47-65 

4748    44  77 

46-62 

270 

48-00 

4808 

4454 

46-87 

105 

47  62 

46-92 

45-81 

46-62 

285 

4793 

4770 

44  61 

46-76 

120 

47-58 

47-42 

45  65 

46-87 

800 

48  06 

48-26 

44-91 

4708 

185 

4776 

47  40 

47-80 

47-49 

815 

4817 

4856 

44  95 

47-28 

150 

4755 

47  50 

4728 

47-48 

880 

48-40 

47-91 

48-78 

46-78 

165 

47-52 

4770 

47-02 

47-41 

845 

48-18 

47-44 

43  90 

4654 

densed  air  and  vice  versd.  It  also  shows  the  existence  of  disturb- 
ances, which  may  be  accounted  for  by  some  of  the  causes  to 
which  I  have  already  referred.  Table  III  exhibits  apparent 
tendencies  to  diminution  of  force  near  the  syzygies,  and  to  in* 
crease  of  force  a  day  or  two  after  the  quadratures. 

*  Hm  tsIm  of  out  scale  difiiion  ywriet  from  '00051  to  -00091  of  the  vertical  foroa. 
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Table  IV  is  a  compendium  of  the  tidal  diflfercnces  in  the 
two  precediog  tables.  It  shows  the  effect  of  temperature  in 
producing  maxima  and  minima  when  the  coolest  and  warm- 
cat  portions  of  the  earth  lye  submitted  to  the  direct  action 
of  tne  moon  (at  or  near  240®  and  45**),  low  temperature 
producing  a  minimum  of  horizontal  force,  with  a  maximum 
of  vertical  force,  and  vice  vei-sd.  From  the  variations  of  hori- 
zontal force  yYj  ^^^  vertical  force  ("y")  given  in  this  table, 

table  V  is  formed,  the  mean  variations  of  total  force  ( — j  being 

Table  IV. 
Lunar-Monthly  Magnetic  Tide,    DifferenceBfroin  Monthly  Meam. 


Moon'» 
PMition. 

o 

Horivonlnl  Force. 

Vertical  Force. 

Meant.             { 

1844. 

1845. 

1845. 

1844. 

1845. 

1846. 
-1  66 

H.  F. 

v.P. 

0 

+  -88 

+•54 

-  -02 

+•69 

+  •SI 

+•30 

-16 

15 

+  -78 

+  08 

+  -84 

+  88 

+  -66 

-1^22 

+•38 

-10 

30 

+1-27 

-•86 

+  -88 

-60 

+  -58 

-  ^67 

+•58 

-19 

45 

+1-89 

+•40 

+  -91 

-60 

+   25 

-1-16 

+•90 

-48 

60 

+168 

-81 

-  -24 

-88 

+  -47 

-143 

+•19 

-•45 

75 

+1-88 

-85 

+  -44 

-21 

-    12 

-  -90 

+•47 

-•42 

90 

+  -89 

-41 

+  -64 

-18 

-  -57 

-    35 

+  87 

-87 

105 

+  -44 

-10 

-  -48 

-21 

-1-08 

+    19 

-•05 

-87 

120 

-  -46 

+•22 

-  -98 

-80 

-  -68 

+  -68 

-•89 

-12 

135 

-151 

+  89 

-  -44 

-•07 

-  -60 

+2-18 

-•52 

+•60 

150 

-  -70 

-20 

-  -76 

-28 

-  -50 

+2-11 

-•55 

+•44 

165 

-  -89 

+  25 

-1-18 

-81 

-    Si* 

+1-90 

-44 

+•42 

180 

-212 

+  70 

-  -04 

-77 

-    28 

+  1-42 

-49 

+•13 

195 

-1-54 

+•48 

-  -68 

+•18 

+  -02 

+117 

-68 

+•43 

210 

-1-58 

+•86 

-  -20 

+  81 

+  -26 

+  -76 

-•48 

+•44 

225 

-2-05 

-80 

-  -16 

-84 

+    26 

+  127 

-•88 

+•89 

240 

-1-27 

-41 

-111 

+  57 

+  -60 

+  ^20 

-93 

+•45 

255 

-  -58 

-29 

-  -20 

•f88 

+  -52 

-   48 

-•36 

+  12 

270 

-  -48 

+•22 

-  -25 

+  17 

+  -08 

-  •ss 

-17 

-12 

285 

-   04 

+•60 

+  -20 

+•10 

-    80 

-  -61 

+  26 

-24 

SOO 

+  -71 

-89 

+  -51 

+•28 

+  -26 

-  -21 

+•28 

+  09 

315 

+  -87 

-11 

+  -44 

+•84 

+  -56 

-    17 

+•40 

+•24 

330 

+1-21 

+•24 

+1-49 

+•66 

-  -09 

-134 

+•98 

-•26 

845 

+1-28 

-24 

+  -95 

+•86 

-  '56 

-113 

+  64 

-45 

obtained  by  the  formula  —  =cos^  ^^=^  +  8in»  drrr-.     I  have 

taken  0^  —22° ;  one  scale  division  of  horizontal  force  =  -000194 ; 
one  division  of  vertical  force  ='000792 ;  which  are  almost  iden- 
tical with  the  values  employed  by  Gen.  Sabine  in  the  computa- 
tion of  his  tables  of  hourly  variation  in  solar  and  lunar  total 
force. 

In  a  similar  manner  I  have  computed  Table  VI,  showing  the 

average  hourly  variations,  both  in  solar  and  lunar  total  force,  in 

each  of  the  three  years  which  have  furnished  the  data  for  most 

of  my  deductions.    The  first  decimal  figures  are  placed  in  an 

Am.  Joub.  Sgi.— Sbooivd  Sxbixs,  Vol.  XXXU  ,  No.  116.— Mabgh,  1865. 
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Tipper  line,  as  in  Table  I.  Perhaps  the  principal  ntility  of  this 
table  may  be  found  in  some  future  extension  of  these  investiga- 
tions,  but  even  now  it  is  interesting,  inasmuch  as  it  exhibits  the 
probable  influence  of  periodic  causey  in  siiifling  the  hours  of  the 
daily  maxima  and  minima,  and  as  it  lends  added  weight  to  the 
preceding  tables,  by  showing  that  the  monthly  tide  is  more  reg* 
ular  than  the  daily  tide. 

Tabli  V. 
lAtnor-Monthly  Magrutie  'Hde  of  Total  Force, 


Moon*i 
PMttioo. 

o 

Mmo  Daily  Fliictuationf  «t  St  Helena,        | 

in  |rart»  of  Toul  Fo'cn. 

1844. 

1846. 

1846. 

J844-4^  ' 
AverafA. 

0 

+  00018 

+  00015 

-00018 

+  00008 

15 

+  00017 

+•00007 

-•00(108 

+•00005 

80 

+•00016 

•00000 

+  00007 

+  00008 

45 

+  00018 

+  00009 

+•00002 

+  00010 

60 

+'00028 

-OOOOS 

-•00020 

-•00002 

75 

+  00028 

-•00015 

-00008 

+•00008 

90 

+•00013 

-00018 

+•00007 

+  00002 

105 

+  00005 

-•00014 

-00006 

-00005 

120 

-'OOOll 

-00008 
•00000 

-•00010 

-00008 

185 

-•000?6 

+  00017 

-•00008 

150 

-00015 

-00009 

+•00011 

-•00004 

165 

-00010 

+  00001 

+  00001 

-•00008 

180 

-00044 

+•00009 

+  00015 

-•00007 

195 

-00024 

+  00007 

+  00008 

-00005 

210 

-00028 

+•00009 

+•00005 

-•00008 

225 

-00088 

-•00002 

+•00012 

-•00009 

240 

-00015 

•00000 

-000  J  6 

-•00010 

255 

—00006 

+  00001 

-00009 

-00006 

270 

-00005 

+  00005 

-•OOOll 

-00004 

285 

•00000 

+  00007 

-00002 

+  00002 

800 

+•00014 

-00004 

+^)0006 

+  00006 

815 

+  00018 

+•00004 

+•00005 

+•00009 

880 

+•00027 

+•00008 

+  00010 

+  00018 

845 

+•00024 

-00010 

+  00008 

+  00006 

It  seems  not  improbable  that  the  mutual  planetary  perturba* 
tions  which  are  sufficiently  powerful  to  affect  their  orbital  revo- 
lution, may  also  exert  an  appreciable  influence  on  their  oethereal 
spheroids,  and  that  numerous  cyclical  magnetic  variations  may 
be  thus  produced.  The  disturbance  of  Jupiter  is  by  far  more 
important  than  that  of  any  other  planet,  its  mean  attractive  en- 
ergy  being  nearly  a  third  proportional  to  those  of  the  silin  and 
moon/  The  annual  fluctuations  are  very  great,  the  intensity 
being  about  j\j  when  Jupiter  is  nearest  the  earth,  and  less  than 
half  as  great,  or  only  about  ^  j,,,  when  most  remote.  The  com- 
bined  operation  of  the  tropical  revolutions  of  Jupiter,  the  moon's 
apsides,  and  the  moon's  nodes,  should  produce  a  series  of  dis- 
turbances oorresponding  very  nearly  in  duration  with  General 

M 
^  If  yrt  4flibe  «s  our  trait  the  moon*s  ftttractioa  for  the  earth  — ,  the  ran'a  wOl  b» 

jdwot  177,  and  Jnpiter'a  jl^.  ^ 
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Sabine^s  magoetio  ^'  decennial  period,"  and  Sohwabe's  period  of 
solar  spotd. 

Tho  law  of  varying  attraction  aa^gesta  a  plausible  explanation 
for  the  approximate  mean  proportionality  of  the  barometric  to 
the  tidal  and  magnetic  variations.  For  the  ratios  of  attraction 
of  any  planet  when  in  solar  conjunction,  at  quadrature,  and  in 
opposition,  vary  as  (n  +  1)*,  n*,  and  (n  —  1)*,  respectively,  the 
attraction  at  the  mean  distance  being  nearly  a  mean  proportional 
between  the  maximum  and  minimum  attractions.  The  barome- 
trical flaetnations  are  occasioned  by  variations  in  the  gravitation 

Tabl«  vl 
Solar  and  Lunar-Daily  J%de9  of  Total  Force. 


Polar 

mid 

1<unar 

Uouri. 

1844.               1 

164&              1 

1846.                I 

Solar. 
•000 

Lunar. 

Solar. 
•000 

Lunar. 

Solar. 

Lunar. 
•000 
+004 
+015 
-004 
+018 
+017 
+024 
+028 
+023 
+022 
+022 
+024 
+021 
+«)08 
+011 
-001 
-029 
-038 
-027 
-020 
-019 

-on 

-021 
-008 
-010 

•000 

•000 

•00 

+066' 

+104 

+097 

+076 

+054 

+031 

+008 

-014 

-026 

-086 

-048 

-047 

-058 

-048 

-040 

-038 

-048 

-041 

-042 

-041 

-027 

-008 

+029 

+068 

0 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

28 

+88 
+88 
+67 
+49 
+28 
+  15 
+02 
-11 
-22 
-81 
-85 
-87 
-87 
-88 
-89 
-82 
-80 
-29 
-22 
-24 
-16 
+07 
+38 
+64 

+009 
+011 
-005 
J004 
-024 
-082 
-027 
-016 
-006 
+001 
+008 
+029 
+017 
+021 
+045 
+021 
+001 
-004 
-012 
-006 
-014 
+017 
+022 
+016 

+88 

+97 

+85 

+68 

+41 

+20 

+02 

-11  . 

-24 

-85 

-89 

-46 

-48 

-48 

-44 

-42 

-89 

-89 

-87 

-86 

-24 

+08 

+82 

+68 

-009 
-014 
-016 
-008 
-012 
-001 
+002 
+010 
+008 
+084 
+e»41 
+081 
+U21 
+012 
+012 
+006 
+006 
+006 
-008 
-016 
-008 
-006 
-002 
-008 

pf  the  air  toward  the  earth's  center, — ^the  tidal  motions,  by  the 
influence  of  distant  heavenly  bodies, — and  the  magnetic,  accord* 
ing  to  ray  hypothesis,  by  the  oscillations  of  the  air  and  sether  in 
their  efforts  to  restore  Ine  unsettled  equilibrium.  The  three  dis- 
turbances, therefore,  must  evidently  have  nearly  the  same  mutual 
relations  as  if  they  were  produced  by  three  forces,  one  centripe- 
tal, and  the  other  two  centrifugal,  the  two  latter  being  nearly 
equal  in  amount  but  diametrically  opposed  in  direction.  This 
leads  us  at  once,  theoretically,  to  the  general  formula  with  which 
we  started  empirically, 

A  :  B  :  :  B  :  M, 

and  strengthens  the  conviction  that  there  are  none  of  the  phe- 
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jiomena  of  terrestrial  magnetism  which  cannot  be  explained, 
cither  by  the  instantaneously  received  and  instantaneously  trans- 
mitted impressions  which  are  made  directly  upon  the  sether  by 
attraction,  heat,  or  rotation, — by  the  more  sluggish  oscillations 
of  the  air,  which  originate  from  the  same  sources, — or  by  the 
combinatioo  of  the  two. 

Every  particle  is  exposed  to  the  influence  of  these  several  im- 
pressions, the  tidal  waves  of  the  solid  earth  having  a  range, 
according  to  Prof.  Thomson's  calculations  (PlnL  2'rans.y  cliii, 
674),  at  least  twofUths  as  great  as  if  the  globe  were  entirely 
fluid.  There  is,  therefore,  good  reason  to  hope,  that  by  the  ap- 
plication of  mechanical  laws  to  the  several  phases  of  the  oethereal 
undulations  which  produce  the  phenomena  of  light,  heat,  elec- 
tricity, polarity,  aggregation,  and  diffusion,  we  may  obtain  a 
clearer  understanding,  not  only  of  all  the  meteorological  changes, 
but  also  of  seismic  tremors,  crystallization,*  stratification,  chem- 
ical action,  and  general  morphology. 

If  density  is  a  functional  product  of  superficial  magnetism 
and  central  attraction,  the  resemblance  of  the  formula  6=%/ am, 
to  the  expression  of  Mr.  Graham's  experimental  law  of  molecu- 
lar diffusion,  Ti me =Fv' Density  {Proc,  Hdij.  Soc,  No.  56,  p.  616-7), 
and  to  the  general  theoretical  formula  of  which  Mr.  Graham's  is 
a  corollary, 

Velocity  =  F 


Elasticity 


>J  Deiiiiity 

may  be  something  more  than  accidental. 

If  we  assume  the  atmospheric  density  as  our  unit,  D'=l,  and 
represent  the  aerial  and  aethereal  elasticities  by  E',  E",  respect- 
ively, the  proportion 


l:m.0.a::J|::J|; 


gives  an  approximate  value  for  the  density  of  the  kinetic  »ther, 
D"= -00000000000108^.  The  magnetic  and  barometric  fluc- 
tuations may  perhaps  furnish  the  necessary  data  for  determining 
the  unknown  ratio  =^7,. 

•  Tlie  phosphorescence  that  is  orten  observed  during  the  process  of  crystalh'xa- 
twn,  and  the  numral  dUplnys  in  frosty  air,  are  perhaps  owing  to  analoj^ous  vibra- 
tions. £very  chemical,  as  weU  as  every  physical,  action  produces  a  poncierable  dis- 
turbance of  equilibrium,  which  must  give  rise  to  aethereal  oacilUtions,  to  which,  in 
tlieir  aimplest  form,  we  givo  the  oame  of  electric,  magnetic,  or  galvanic  currents. 
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Abt.  XVL — On  (he  eomirucUon  of  the  Spectroscope;  by  Lewis 

M.  RUTHERFUKD. 

I  KNOW  of  no  good  substitute  for  bisulpbid  of  carbon  as  the 
dispersive  agent  in  the  spectroscope.  Flint  glass,  besides  being 
expensive,  when  in  large  masses  and  of  good  quality,  possesses 
but  half  the  dispersive  power,  and  the  specimens  of  the  denser 
^lass  which  I  have  seen  tarnish  so  rapidly,  and  have  so  high  an 
index  of  refraction  as  to  be  practically  useless.  Having  devoted 
much  time  to  the  construction  and  management  of  bisulphid  of 
carbon  prisms,  it  is  quite  possible  that  the  results  of  my  cxperi- 
ence  may  be  useful  to  those  who  may  wish  to  lit  up  a  spectro- 
scope with  such  prisms,  and  perhaps  X  shall  best  attain  the  object 
by  describing  my  own  instrument. 

The  two  principal  telescopes  are  provided  with  objectives  of 
1*6  inches  aperture  and  19  inches  focal  length.  The  slit  or  col- 
lecting telescope  has  but  one  motion  about  a  vertical  axis  at  the 
side  of  the  platform  and  just  in  front  of  the  objective,  enabling 
it  to  command  all  parts  of  the  platform.  The  observing  tele- 
scope has  two  motions,  one  about  the  central  axis  of  the  instru- 
ment, and  the  other  about  a  second  vertical  axis,  which  by  means 
of  a  slide,  capable  of  being  clamped,  can  be  placed  under  the  last 
surface  of  any  prism  on  the  platform;  thus  commanding  by 
one  motion  the  whole  spectrum. 

Before  the  slit  is  a  prism  for  the  comparison  of  different  spec- 
tra, and  the  observing  telescope  is  provided  with  eye-pieces  of 
various  powers.  The  first  circuit  consists  of  six  prisms  which 
are  of  brass  faced  with  plates  of  glass,  cemented  with  glue  and 
molasses.  These  are  each  of  about  the  angle  of  60**  and  present 
an  aperture  of  2*9x1  8  inches.  The  faces  to  receive  the  glass 
are  ciirefully  ground  to  a  fiat  surface  and  the  glass  quite  thick 
and  free  from  veins  has  been  selected  with  reference  to  the  flat- 
ness and  parallelism  of  the  sides. 

Since  however  it  is  scarcely  possible  to  find  glass  with  paral- 
lel surfaces,  care  has  been  taken  so  to  place  the  glass  that  the 
inclination  of  its  faces  is  perpendicular  to  the  axis  of  the  prism. 
After  grinding  the  prisms,  the  bases  were  so  adjusted  by  filing 
that  the  refracting  surfaces  are  rigidly  perpendicular  to  the 
plane  of  the  platform.  This  once  done  removes  all  necessity 
for  foot  screws,  which  complicate  the  prisms  and  add  to  the  ex- 
pense. The  surface  to  be  glazed  was  washed  with  an  alkaline 
solution  to  remove  all  grease,  and  then  in  dilute  nitric  acid,  final- 
ly washed  in  pure  water  and  allowed  to  dry  spontaneously. 
After  being  warmed,  the  prisms  were  so  placed  that  the  surface 
to  be  glazea  was  uppermost  and  in  a  horizontal  position:  the 
glass,  having  been  cleaned,  aft^r  the  manner  of  a  plate  for  photo- 
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graphic  purposes,  also  warmed  and  both  surfaces  to  be  in  con- 
tact dusted  with  a  fine  earners  hair  brush,  was  placed  in  position 
upon  the  prism,  a  hot  and  fluid  mixture  of  glue  and  molasses 
was  then  applied  with  a  fine  brush  around  the  edges  of  the 
glass,  whereupon  a  uniform  and  very  thin  film  of  the  cement 
•was  introduced  between  the  glass  and  the  prism  by  cnpilaritj. 
The  prism  was  left  untouched,  until  the  cement  had  hardened 
80  as  to  admit  of  its  being  removed  and  placed  glass  downward, 
for  at  least  a  day,  when  the  next  surface  was  treated  in  like 
manner.  After  the  expiration  of  another  day,  I  generally  put 
on  another  coat  of  cement,  much  thicker  in  consistency  than  the 
first  In  five  days  more  the  prism  was  ready  to  be  filled  through 
nn  orifice  in  the  top,  to  which  is  fitted  a  ground  stopper  which  is 
Tendered  perfectly  tight  bv  a  little  molasses.  It  may  be  thought 
that  my  description  is  neealessly  particular,  but  I  have  mentioned 
nothing  which  experience  has  not  shewn  to  be  necessary  to  the 
permanence  or  performance  of  the  prism. 

I  soon  discovered  that,  after  I  had  made  a  good  prism,  its  per- 
formance would  be  uncertain,  and  I  finally  traced  the  difficulty 
to  a  want  of  equal  density  in  the  bisulphid  of  carbon,  and  this 
peculiarity  I  have  observed  not  only  in  the  fluid  of  commerce, 
out  quite  as  much  so  in  that  specially  redistilled  for  the  purpose* 
The  fact  of  this  unevenness  of  density  is  found  in  two  ways.  If 
a  good  prism  which,  with  a  high  power,  refuses  to  define  the 
soda  line,  (a  more  stringent  test  than  solar  lines,)  is  violently  sha- 
ken and  then  placed  in  position,  it  will  for  a  few  minutes  define 
beautifully,  but  gradually  settle  into  its  former  condition.  By 
covering  the  aperture  of  the  prism,  except  a  small  portion  of  the 
upper  part,  and  bisecting  the  soda  line  with  a  spider's  web  in  the 
eye-piece,  all  parts  of  the  instrument  being  clamped,  then  cover- 
ing all  but  the  lower  portion  of  the  prism,  it  will  be  found  that 
the  soda  line  has  been  carried  to  a  notable  extent  toward  the 
violet  end  of  the  spectrum. 

This  want  of  homogeneity  in  the  bisulphid  of  carbon  is  entirely 
diflferentfrom  the  disturbance  of  density  by  thermal  variations. 
It  is  a  permanent  feature  of  some  specimens  of  the  fluid,  and  is 
most  oDscrvable  when  the  prism  has  been  longest  at  rest  in 
equable  temperature.  I  have  one  such  prism,  filled  nearly  two 
years  since,  which  defines  beautifully  for  a  short  time  after  being 
well  shaken,  but  soon  returns  to  a  poor  condition.  The  differ- 
ence between  the  indices  of  refraction  of  the  upper  and  lower 
strata  is  quite  a  measurable  quantity.  My  mode  of  overcoming 
this  obstacle  is  to  filter  several  pound  bottles  of  the  bisulphid  of 
carbon  into  a  long  glass  jar,  having  a  faucet  at  the  bottom  and  a 

t round  stopper  at  the  top.    After  remaining  undisturbed  two 
ays,  the  liquid  arranges  itself  according  to  its  density,  and  I 
fill  the  prisms  from  the  fauoet^  being  careful  not  to  shake  the  jar. 
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Garefal  and  repeated  measures  give  for  the  index  of  refraction 
of  the  soda  line  with  the  prism  first  filled  from  the  bottom, 
1*62376,  and  with  the  ninth  prism,  filled  with  the  fluid  near  the 
upper  portion  of  the  jar,  1-62137. 

In  order  to  obtain  ^ne  definition,  it  is  necessary  that  the  prisms 
should  be  placed  at  the  angle  of  least  deviation  for  the  ray  under 
observation.  To  make  the  adjustment  with  several  prisms,  or  to 
change  it  when  made,  is  so  laborious  and  troublesome  a  task  as 
almost  to  amount  to  a  prohibition  of  the  use  of  a  powerful  bat* 
terj  for  practical  and  extended  investigations.    To  remedy  this 


evil  I  have  devised  and  executed  a  mode  by  which  I  effect  tha 
adjustment  of  all  the  prisms  by  one  motion  of  a  milled  bead. 
An  inspection  of  the  accompanying  Fig.  1,  which  represents  the 
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system  of  prisms  without  the  button,  as  seen  from  above,  will 
shew  the  manner  in  which  this  adjustment  is  accomplished.  Upon 
the  glass  plate  which  forms  the  platform  of  the  instrument,  and 
in  the  center  of  the  system,  is  cemented  a  brass  plate,  in  a  cavity 
of  which  revolves  without  shake  a  pinion  provided  at  the  top 
with  a  milled  head,  as 
seen  in  figure  2.  The 
prisms  are  all  hinged  to- 
gether at  the  corncra : 
and  from  the  back  of 
each  projects  at  right 
angles  a  brass  bar  pro- 
vided with  a  slot,  which, 
embracing  the  revolving  standard  accurately,  retains  each  prism 
in  such  a  position  that,  whether  nearer  or  more  distant  from  the 
center,  its  back  is  always  perpendicular  to  the  radius  connecting 
it  with  the  center  of  the  standard.  The  slot  of  the  third  prism 
is  provided  with  teeth  which  gear  into  the  pinion,  so  that  by 
turning  the  milled  head  this  prism  is  forced  to  approach  or  de- 
part from  the  center:  but,  from  the  construction,  this  cannot  take 
place  without  imparting  a  similar  motion  to  each  of  the  other 
prisms,  and  thus,  at  will,  their  backs  are  made  tangents  to  a  lar- 
ger or  smaller  circle,  ^Y^ich  is  the  adjustment  sought. 

This  mechanism  is  capable  of  adjusting  six,  or  any  smaller 
number,  of  eqai-angled  prisms.  The  outer  spiral,  when  more 
than  six  are  used,  must  be  adjusted  by  hand. 

New  York,  Dec  10, 1864. 


Abt.  XVII. — Contributions  from  the  Sheffield  Laboratory  of  Yah 
College,  No.  VIII. — On  crystallized  Diopside  as  a  furnace  pro* 
duct;  by  6£0rq£  J.  Brush. 

Soke  months  since,  Mr.  Josej)h  C.  Eent»  Director  of  the  Cooper 
Iron  Works  at  Philipsburg,  New  Jersey,  sent  to  me  an  exceed- 
ingly beautiful  crystallizea  furnace  product,  which  he  had  ob- 
served in  one  of  his  furnaces.  It  consisted  of  a  group  of  color- 
less to  grayish-white  prismatic  crystals,  associated  with  a  grayish 
vitreous  mass  of  the  same  substance,  intermingled  with  frag- 
ments of  anthracite  and  traces  of  graphite  and  metallic  iron. 
Many  of  the  isolated  crystals  were  transparent  and  colorless, 
while  others  were  grayish  white  and  transculent;  some  of  the 
larger  ones  were  over  half  an  inch  in  length  by  one  sixteenth 
of  an  inch  in  diameter.  Mr.  John  M.  Blake  has  determined  them 
to  have  the  form  of  rhombic  prisms  with  brilliant  reflecting 
sorfaces.    He  obtained  for  the  acute  angle,  in  four  meaaorement^ 
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with  the  reflecting  goniometer,  86"^  60',  86"*  52',  87^  tnd  87**  12\ 
The  prism  was  truncated  at  each  of  its  obtuse  angles  bjr  a  plane 
of  nearly  the  same  width  as  the  planes  of  the  rhombic  prism. 
The  terminal  planes  were  observed  on  only  a  few  of  the  smaller 
crystals,  and  as  they  were  microscopic  were  not  measured. 
There  is  a  tendency  to  deavo  apparently  in  the  direction  of  the 
rhombic  prism,  but  no  reflected  image  could  be  obtained  from 
the  nK>re  or  less  conchoidal  surfaces  thus  produced. 

The  hardness  of  the  crystals  was  about  6*5,  and  the  specific 
gravity  was  found  to  be  S'16  (determined  on  188  milligrams  of 
substance).  Lustre,  vitreous  and  brilliant  Before  the  blowpipe 
in  the  forceps  the  substance  fuses  easily  with  intumescence  to  a 
colorless  glass,  giving  at  the  same  time  an  intense  soda  flame. 

It  is  partially  attached  by  chlorhydric  acid,  emitting  the  odor 
of  sulpnuretted  hydrogen ;  and  entirely  decomposed  by  fusion 
with  carbonate  of  soda.  Analyses  made  by  Mr.  Peter  Collier, 
assistant  in  this  Laboratory,  gave  the  following  results : 
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Analysis  I  and  II  were  made  by  fusion  with  carbonate  of 
soda,  with  addition  of  nitre  to  oxydize  the  sulphur  to  sulphuric 
acid.  The  alicalies  (III)  were  determined  by  Smith's  method. 
The  small  amount  of  sulphur  was  calculated  as  sulphid  of  cal- 
cium.    The  oxygen  ratio  of  the  mean  shows  the  relation  of  the 

I)rotoxyd  bases  to  that  of  the  siliqa  and  alumina,  coosidering  the 
atter  to  replace  silica,  to  be  14*57  to  28*95  or  1  :  2,  giving  the 
formula  ft«  (i[bl,Si)*.  This  is  the  composition  of  aluminous  aiop- 
side,  and  corresponds  very  nearly  with  that  described  by  Hunt 
from  Bathurst,  in  Canada.^  The  crystalline  form,  as  determined 
by  the  observations  and  measurements  of  Mr.  Blake,  shows 
further  its  relation  to  pyroxene,  and,  taken  with  the  chemical 
composition,  leaves  no  aoubt  as  to  the  identity  of  the  crystals 
with  the  diopside  variety  of  that  mineral.  Diopside  has  been 
previously  observed  as  a  furnace  product  by  v.  Kobell,'  and 
Hausmann,'  from  iron  furnaces  at  Jenbach,  near  Schwatz,  in 
the  Tyrol,  and  at  Gammelbo  in  Sweden. 

'  Rept  of  Oeol.  Canada,  1868.  p.  467.      *  MGnchener  gelehrie  Anzeigen,  xix»  97 
*  LieiNg  A  Kopp,  Jahresbericht.  1851,  767. 

Am.  Jocr.  Sai.-~SBCONO  Sxbxbs,  Vol.  XXXIX,  No.  116.— March,  1865. 
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In  regard  to  the  oocurrenoe  and  formation  of  this  interesting 
product,  Mr.  Kent  has  kindly  communicated  to  me  the  follow- 
ing  facts :  '*  I  had  one  of  our  large  furnaces  (21  feet  diameter 
and  56  feet  high)  in  blast  for  over  three  years.  At  the  end  of 
the  third  year  the  fire  brick  under  the  flues  commenced  burning 
away,  but,  unwilling  to  put  the  furnace  out  when  it  was  working 
well  below,  I  kept  on  for  some  weeks,  and  then  took  off  the 
blast  without  *  blowing  out,' — ^as  by  *  blowing  out '  the  top  of 
the  furnace  would  have  been  damaged.  I  then  drew  the  stock 
out  from  below,  and  when  the  greater  part  of  it  had  been  with- 
drawn, threw  water  in  to  cool  the  interior  and  quench  the  fire. 
This,  of  course,  left  a  solid  mass  in  the  hearth  and  exactly  in 
the  centre  of  the  furnace,  just  above  the  tuyeres,  say  three  and 
a  half  feet  from  the  bottom,  I  found  a  mass  of  these  crystals 
clustered  within  a  space  of  about  four  cubic  feet.  I  did  not  find 
them  in  any  other  part  of  the  furnace,  and  had  never  before  seen 
or  found  anything  like  them." 

New  HaTen,  Dec  9, 1864. 


Art.  XVin. — Introduction  to  the  Mathematical  Principles  of  the 
Nebular  Theory,  or  Planetohgiy  ;  by  GusTAVUS  HiNBiCHS,  Pro- 
fessor of  Physics  and  Chemistry,  Iowa  State  University. 

(CoDtinaed  from  p.  58.) 
§  8.  The  condition  of  the  primitive  Nebula. 

Whatever  may  be  the  distribution  of  matter  in  the  nebula, 
and  however  the  particles  may  move,  the  beautiful  theorem — 
the  magna  cbarta  of  the  nebular  theory— obtains,  i.  e.  the  nebula 
possesses  the  invariable  plane  of  maximum  areas^  or  if  »  represents 
the  angular  velocity,  r  the  projection  on  the  invariable  plane  of 
the  radius  vector  drawn  out  from  the  center  of  gravity,  m  the 
mass,  and  A  the  projection  of  the  area  swept  over  by  r  in  the 
unit  of  time,  we  nave,  C  being  a  constant, 

JS'mA=0;        ....        (5) 
or^  as  the  centrifugal  force  y  of  the  particle  m  with  respect  to 'the 
principal  axis  is 

y  =  i««r (6) 

while^  at  least  for  a  very  small  unit  of  time, 

A  =  i«r«,        ....        (7) 

we  have  also  Xfiif*y*  =  2C.  .        .  (8) 

On  account  of  the  resistance  of  the  ether,  C  will  not  be  quite 
constant,  but  decrease  in  time ;  still  it  is  apparent  that,  as  a  first 
approximation,  we  may  neglect  this  resistance  by  considering  C 
strictly  constant. 
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Kow,  bj  the  motaa]  attraction  of  the  particles,  the  nebula  is 
continually  becoming  more  dense,  or  r  is  ooDtinnally  decreasing ; 
hence,  by  (8),  the  centrifugal  force  of  any  particle  in  the  nebula  is 
eontintuUly  increasing. 

Bat  the  force  of  gravity  at  the  surface  is  likewise  constantly 
increasing;  for  we  may  without  materially  erring  conceive  the 
mass  below  the  particle  to  remain  constant,  but  then  gravity  is 
inversely  as  the  square  of  the  radius,  or  rapidly  increasing  with 
the  progress  of  condensation. 

But  these  two  forces  determine  the  figure  of  the  Nebula.  However 
irregular  the  figure  may  be  at  first,  we  see  that  the  moulding 
forces,  by  constantly  increasing,  will  at  length  shape  the  nebula 
accordingly.  From  Plateau's  Experiments  (see  above,  §  6,  re- 
sult 1,  2)  we  know  this  shape  to  oe  a  flat  ellipsoid.  Laplace' 
has  demonstrated  that  but  one  single  oblate  ellipsoid  of  revolution 
will  be  produced  by  these  forces,  i.  e. 

z^+m{x^+y^)  =  a,^,     ...         (9) 
the  plane  a;,  y,  coinciding  with  the  invariable  plane,  being  the 
equator,  z  the  axis  of  rotation  =  2a,  and 

*"  =  7I^'        ^  =  <^^,        8in^  =  e,        .      (10) 

e  being  the  eccentricity  of  the  meridian ;  hence  the  equatorial 
semi-axis 

a=zayT+JJ.  .  .  .  '(11) 
Assuming,  for  a  moment,  the  nebula  to  be  homogeneous,  we 
can  determine  the  eccentricity  by  the  density  9,  and  the  angular 
velocity  w  (i.  e.  by  (6)  proportional  to  the  square  root  of  the 
centrifugal  force  ^  at  a  unit  of  distance).  Laplace  found,  if  the 
jnass  of  the  whole  nebula  be  M,  and  its  moment  of  inertia  £, 
thai 

E  =  TV^^«/0+^*)\/i7  =  ^«^M;  .        .    (12) 
M  =  4«^a,«(l+ia)  =  j„a-^^;     .        .    (18) 


„         n       9Jt  +  2^'A«(l+i2)"*. 
arc(/^  =  A)=      ^  ^^^y^J-J-; 


(16) 


which  last  equation  he  shows  to  have  but  one  single  positive  real 
root,  so  that  X  or  e  has  but  one  value,  if  g,  the  centrifugal  force, 
and  ^,  the  density,  are  given. 
But  the  density  is  certainly  not  constant  throughout  the  whole 

>  H^^»Diqu«  Colette,  Ur.  ui,  chap.  Ill,  g  81. 
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• 
nebula ;  but  as  this  nebala  is  a  gaseous  body,  d  will  be  deter* 
mined  by  y  «nd  gravity  and,  just  as  in  the  ease  of  our  earth,  be* 
come  uniform  in  the  successive  homothetic  ellipsoidal  shells  in- 
eluded  between  any  two  successive  surfaces.  Hence  we  m«y 
consider  ^  as  a  function  of  the  equatorial  axis  of  such  surface, 
and,  as  the  density  is  increasing  toward  the  center,  we  may,  in* 
stead  of  the  general  law 

a  =/(«),   .        .       .       .    '  (16) 

take  the  law  assumed  by  Laplace  for  the  interior  of  our  earth, 

^  =  A— cor.        .       .       .       (17) 

Plana  has  shown*  that  this  law  is  the  most  probable  in  the 
case  of  the  earth.  Prof.  Forchhammer  of  Copenhagen  has  lately 
shown*  how  this  law  accounts  for  one  of  the  principal  circum- 
stances relating  to  the  succession  of  geological  strata. 

It  must  finally  be  borne  in  mind  that  the  nebula  may  have  the 
various  elements  at  the  same  place,  because  the  laws  of  diffusion 
of  gases  will  apply  to  the  gaseous  nebula.  Thus  fur  the  chemi- 
cal analyses  of  meteorites  and  the  spectral  analysis  of  the  sun, 
moon  and  planets  have  corroborated  this  conclusion;  still  we 
must  not  hastily  conclude  that  some  differences  may  not  obtain, 

*  Note  8ur  la  dentil^  mojenne  de  r^corce  saperficielle  de  la  terre.  A*ironomiMek4 
Nachriehttn,  1861,  vol.  xx7,  No.  828.  For  the  dentitj  at  the  center  of  the  earth, 
he  finds  18*:)010. 

*  Inledtiing  til  en  Raekke  af  Foreliesninger  StofFemes  Kredslob  i  Naturen  (on  the 
circulation  of  the  eleroenta  m  nature.)  NcrdiUk  UnivernMu-Tidtkrift,  Tiii,  1 
hefte.    Copenhagen,  1862.    p.  68-81. 

Ae  an  instance,  Forchhammer  describee  the  circulation  of  Z«m# ;  first  the  smaller 
diurnal  orbita  between  plantu  and  animnlt  and  the  toil ;  next  the  greater  annual  dr- 
euUtion  between  land  (waslied  by  raiii)  and  the  sea;  and,  being  lierc  dvpoeltetl 
in  large  strata  through  the  agency  of  marine  auimals.  th«^te  are  agam,  aaer  long  ge* 
ological  periods,  put  into  circulation,  espi'cinllv  by  the  inorganic  noweni  of  nature, 
for  these  again  to  recommence  a  new  cycle.— Now,  where  did  the  lime  at  fir^tooie 
iromt  Forchhammer  thinks  tl;at  as  granitic  rocks  (specific  gravity  2*7)  are  lest 
dense  than  the  dark  trnprocks,  (on  Boi-nholm,  spi  gr.  up  to  2  08.)  they  would,  during 
the  first  period  of  the  igneous  enrth.  float  upon  the  trap;  thus  the  first  Folid  shell 
would  bo  formed  of  granitic  rocks,  i.  e.  free  from  fime — coitpequently  imfit  to  sup- 
port  life,  not  foeoilirerous.  By  the  next  revolutions  this  rock  was  dislocateil  and 
Droken  through  by  the  underlying  traf> rocks  containing  lime  and  iron  as  silicates; 
the  atmosphere  wing  so  rich  in  carbouic  acid  and  being  dissolved  in  the  then  hot 
waters  would  decompose  these  silicates,  and  thus  bring  lime  into  circulation.  Or- 
canic  life  can  now  firH  commence— -and  the  first  fossiliferous  rocks  appear.  Tliis 
beautiful  idea  is  further  substantiated  by  the  fact  that  volcanos,  after  a  longer 
period  of  rest,  commence  their  eruption  with  emitting  tradijtic,  i.  e.  granite-like, 
masses  almost  free  from  lime-^whicn  are  later  succeecMid  by  the  heavy  black  lava, 
containing  both  lime  and  iron. 

The  ndiest  deposit  of  gypsum,  the  Triassic  period,  is  succeeded  by  the  extraor- 
dinary limestone  formation  of  the  Jurassic  period,  thus  giving  another  link  in  this 
chain  of  inductions,  for  gypsum,  being  more  solubloi  will  more  rapidly  circulate* 
tnd  thus  occasion  a  greater  deposit  of  limestone. 

These  views  of  our  ilkstnous  teacher  show  us  what  patient  investigation  yet  may 
accomplish;  wo  see  the  cause  for  the  succession  of  granite  and  trap— see  why  or- 
tanic  life  could  not  commence  earlier  than  it  does — see  the  cause  for  nbundance  of 
limestone  during  the  Jurassic  period,  etc — in  the  simple  circumstance  that  granitic 
.  being  lighter  than  trap,  were  exterior  to  the  latter  in  the  igueous  globe. 
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as  the  diffusion  certainly  is  limited  by  tlie  sinking  of  the  denser 
particles.  In  a  nebula  from  which  a  whole  clusier  of  soh)r  sys- 
tems has  been  formed,  we  may  therefore  expect  to  find  consider- 
ably different  elements.  We  thus  decline  the  imputation  of 
Bulherfurd  that  homogeneity  of  originol  diffuse  matter  **  is  almost 
a  logical  necessity  of  the  nebular  hypothesis,"  and  cannot  see 
any  real  objection  to  this  hypothesis,  if,  as  he  says,  "  we  have  now 
the  strongest  evidence  that  they  (the  stars)  also  differ  in  constit* 
uent  materials"  (this  Journal,  1863,  vol.  xxxv,  p.  77). 

In  regard  to  the  signification  of  ^  we  must  remark  that,  in  the 
following,  wo  use  the  letter  d  to  represent  the  mean  density  of  tlie 
nebula  from  the  centre  to  the  distance  r,  while  in  (17)  9  indicates 
the  density  of  the  shell  at  the  very  distance  r.  As  (17)  is  only 
adduced  to  serve  for  a  comparison,  this  course  is  legitimate. 
But  it  is  easily  demonstrated,  that,  at  lenst  for  a  spherical  nebula, 
this  law  (17),  if  true  for  the  individual  shell,  will  also  be  true  for 
the  mean  density  of  all  shells  inside  of  it.  For,  the  actual  den- 
sity varying  according  to  (17),  the  mean  density  of  the  interior 
body  from  r=0  to  r  is  found  to  be 

dz=iJ^c\r, (18) 

where  c^==itf.    This  law*  is  evidently  the  same  as  (17). 

§  9.  Attraction  in  the  Nebula. 

As  the  nebula  now  may  be  considered  made  up  of  homothetio 
oblate  ellipsoidal  shells,  individually  of  constant  density,  and  as 
we  know  (from  J/&.  Ck.,  liv.  iii,  chap.  I,  §2,)  that  such  a  shell 
does  not  exert  any  attraction  on  a  point  within,  we  find  the  attrae* 
tion  at  any  jmnt  in  the  nebula  determined  by  tlie  attraction  of  the 
ellipsoid  whose  surface  passes  through  that  point 

This  force,  at  the  point  r,  y,  2,  is  given  by  the  following  for- 
mulae (from  Mec.  CiL^  liv.  iii,  ch.  I,  §4),  independent  of  the  law 
of  the  density  (17),  and  merely  depending  on  the  proved  uniform- 
ity of  the  density  in  each  separate  shell.  ^ 

If  we  put 

Q=^[t»n-«i-j^J (•») 

then  the  components  X,  Y,  Z,  of  the  attraction  (positive  toward 
the  origin)  are 

X=Q.^;  Y=Q.?^;     .    .    .     (20) 


H^-tTtH, '   <''> 


«  The  "  Denvity  "  in  Trowbridge's  article  (this  Joumnl  xxsviii,  S54, 1864),  It  Af- 
ferent, because  referring  to  the  deutity  at  different  periods  of  time. 
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All  of  these  three  components  act  io condmse the  nebula;  but 
X  and  Y  also  determine  the  revolution  of  the  particles,  while  Z 
has  no  such  influence,  all  motions  in  the  direction  of  the  axis  of 
z  mutually  destroying  each  other,  because  «,  y  is  the  invariable 
plane.    Composing  X  and  Y  we  get 

R^Q.-3 •   •   •    (22) 

and  directed  toward  the  axis  of  rotation  ;  r*  =a:*  +y *. 
Substituting  the  first  (18)  (m  =  M)  in  (22)  we  obtain 

f^here 

''  =  ^[0+*«)arc(<i?=l)-ll 

As  now  p  only  depends  on  X,  i.  e.  on  the  eccentricity  (10)  which 
is  constant,  the  shells  being  homothetic,  we  see  that  fi  is  at  any 
given  moment  for  all  parts  of  the  nebula  the  same,  hence :  the 
radial  force  R  in  Vie  nebula  t>  proportional  to  the  density  ^  and  the 
distance  r  from  Vie  axis  of  rotation. 

This  simple  result  is  of  very  great  importance,  as  we  shall  see 
in  the  sequel. 

§  10.  The  orbit  of  the  Planets. 

The  particles  of  the  nebula  had  originally  motions  in  all  di- 
rections ;  but  as  we  assumed  the  existence  of  a  momentum  of 
rotation  (§  Q),  the  principle  of  the  invariable  plane  will  keep  up 
this  momentum  (§8),  while  all  motions  at  variance  therewith  will 
in  time  mutually  destroy  themselves.  Therefore,  all  particles 
describe  circles  around  the  axis  of  rotation. 

Such  as  the  orbit  of  the  single  particles  that  formed  a  planet 
will  also  be  the  orbit  of  the  latter ;  hence  the  eccentricity  and 
inclination  of  all  planetary  orbits  ought  to  be  zero.  This  mav 
also  be  seen  from  Plateau's  Experiment,  and  agreels  well  with 
the  smallness  of  both  ihe  eccentricity  and  the  inclination  (see 
§1,  9°  and  11"^,  §  3,  4^  and  5°).  Still,  neither  of  these  two  quan- 
tities is  actually  zero.  Are,  then,  these  small  deviations  from 
this  value  accounted  for  by  some  accessory  conditions  of  the 
problem  ? 

We  think  so,  for  there  are  two  modifying  circumstances,  the 
rupture  of  the  ring — which  it  is  beyond  our  power  as  yet  to  take 
into  consideration — and  the  perturbating  influence  of  already 
separated  masses.  The  latter  we  may  estimate.  Bepredenting 
the  eccentricity  by  c,  the  inclination  of  the  orbit  to  the  ecliptic 
by  f,  to  the  invariable  plane  by  I,  we  have  from  observation 
[numboWs  Cosmos]  :* 

*  Tbe  oumbert  io  tbe  last  eolomn  of  the  followio;  table  are  not  <iaite 
£o8.  Jooa.  Sol 
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MoroQiy,      .        .       • 
VeDU8|    ... 
Earth, 

Mars,       .        •        • 
Asteroids/    ... 
Jupiter,    ... 
Saturn,         ... 
Uranus,  ... 
Neptune,    •  - 
Invar,  plane. 

We  see  how  clearly  the  principal  members  of  the  system 
move  in  one  plane^  and  that  this  plane  is  the  invariable  plane  of 
the  system ;  the  ^reat  planets  deviate  less  than  one  degree,  the 
principal  of  the  interior  planets,  Earth  and  Venus,  only  If  de- 
grees— and  even  the  inclination  of  the  smallest  planet,  Mercury, 
amoants  to  bat  5^  degrees  I  So  also  iti  relation  to  tbe  eccen^ 
tricity,  this  being  less  than  one-twentieth  for  the  principal  bodies. 

As  to  the  deviations,  we  see  that  Neptune,  which  if  not  the 
most  distant  planet,  certainly  is  (or  was)  separated  from  the  next 
by  a  very  large  distance,  so  that  if  either  could  not  at  all,  or  but 
slightly,  be  disturbed,  has  indeed  the  smallest  inclination  (only 
6  minutes!)  and  about  the  smalfest  eccentricity  (less  than  one- 
hundredth !).  Jupiter,  which,  on  account  of  its  enormous  mass, 
could  not  be  much  disturbed  by  other  bodies,  has  an  inclination 
of  only  IS  minutes,  .while  Saturn  and  Uranus  have — correspond- 
ing to  their  smaller  mass — about  four  times  as  considerable  an 
inclination  (48  and  55  minutes).  The  eccentricities  of  these 
three  orbits  are  about  equal ;  perhaps  that  of  Jupiter  is  near  its 
maximum,  or  the  eccentricity  of  Saturn  and  Uranus  near  their 
minimum. 

The  inclination  of  the  Earth  and  Venus  is  greater  than  that  of 
the  exterior  planets,  for  the  mass  of  the  former  is  small  as  com* 
pared  to  that  of  the  latter ;  but  as  Yenus  and  the  Earth  are  the 
great  planets  among  the  interior,  we  see  that  the  inclination  and 
eccentricity  of  Mercury's  orbit  are  much  more  considerable  than 
either,  and  that  Mars  has  less  inclination  and  eccentricity  than 
Mercury.  Is  it  because  Jupiter,  the  only  planet  that  would  exert 
considerable  perturbation  on  its  development,  was  so  far  distant? 

The  orbit  of  the  asteroids  is  explained  in  §  5,  V.*  We  gave 
publicity  to  these  views  in  an  address  delivered  before  the  phys- 
ical section,  at  the  meeting  of  the  Scandinavian  philosophers, 
July,  1860.  * 

*  Haao  of  thefirtt  72  AtUroid&^  elements  gifen  in  Table  of  Smithsonian  Reporii 
1861j>.  21S-219. 

'  We  intendod  in  this  plsce  to  giro  a  fuller  account  of  our  ylews  concerning  the 
development  of  the  asteroids ;  but  learning  from  a  letter  of  Mr.  Trowbridge  that 
tbe  continuation  of  hit  article  will  contain  a  solution  of  this  problem,  I  abstain  (or 
the  present  from  publishing  my  details. 
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The  same  priDciples  will  apply  to  the  satellites ;  but  we  have 
too  few  data  to  maKe  a  comparison  of  this  principle  with  obser- 
vation  profitable. 

§  11.  The  periodic  time  of  the  Planets;  Kepler*  s  third  lav. 

Since  every  particle  in  the  same  shell  revolves  around  the  axis 
under  the  influence  of  a  force  K  proportional  to  the  distance  r 
from  the  axis  (§  0),  we  know  from  mechanics  that  the  periodic 
time  T  of  such  a  particle  is 

-=a- ("' 

where,  it  will  be  remembered  (23),  M  is  the  same  for  the  whole 
nebula,  and  9  constant  for  the  same  shell,  so  that  the  time  of  rev*' 
oliUion  is  tlit  same  for  all  particles  of  the  same  homot/ietic  shell,  hiU 
for  Hie  different  shells  inversely  proportional  to  Oie  square  root  of  Hie 
density.  Thus  every  shell  rotates  as  if  it  were  solid  ;  and  if  the 
whole  nebula  had  the  same  density  throughout  it  would  rotate 
like  one  solid.  But  if  the  density  be  different  in  different  parts, 
some  shells  will  rotate  faster  than  others  (§  12). 
Eliminating  ^  by  means  of  (13)  we  get 


a^ 

T*=iM'.  — 

,     8       X« 


(25) 


"3  \/l+X2  (i4.i2)tan-n-X^ 

We  know  t)iat  the  ellipticity  of  the  nebula  is  determined  by 
the  centrifugal  foi-ce,  and  the  latter  by  the  state  of  condensa- 
tion  (§8J;  and  even  irt  case  an  ellipsoicl  becomes  impossible,  we 
can  not  out  conclude  that  the  figure  continues  to  be  determined 
in  the  same  manner.  But  the  condensation  continues — the  in- 
crease of  the  centrifugal  force  depending  thereon  will  also  con- 
tinue and  produce  a  series  of  rings  in  a  certain  succession,  just 
as  one  ring  was  formed  in  the  experiments  of  Plateau  (§  7).  We 
see  now  how  the  continued  increase  of  the  condensation  occa- 
sions a  periodical  change  in  the  figure  of  the  nebula.  Granting 
the  variation  of  the  figure^beyond  the  possible  ellipsoid  to  be 
determined  by  the  same  circumstances  as  the  ellipsoid  itself,  we 
may  compare  the  corresponding  stages  of  the  nebula  by  referring 
to  the  same  ellipticity  e  or  the  same  f*^  in  (25) ;  at  any  rate,  we 
know  that  this  can  be  done  if  we  only  compare  the  nebulad,  when 
within  the  limits  of  the  possible  ellipsoid.  But  then  /i'  will  be 
the  same,  for  all  rings,  and  as  the  mass  of  the  planets  is  but  very 
small  as  compared  to  that  of  the  sun,  M  remains  almost  constant. 
Then  (25)  becomes 

—  =  constant; (26) 
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or  Ae  squares  of  the  times  ofroicUion  of  the  different  rings  are  as  the 
cubes  of  their  radii. 

If  we  remember  that  the  possible  ellipsoids  reach  to  a  propor- 
tion of  1  to  about  8  between  polar  and  equatorial  diameters  of 
the  nebula,  we  can  be  sure  that  (his  covers  the  principal  part  of 
the  metamorphosis;  hence,  (26)  is  rigorously  proved  for  the 
greatest  part  of  the  condensation  intervening  tJetween  the  forma- 
tion of  two  successive  rings;  the  nebula  acquires  its  principal 
dimensions  while  changing  in  accordance  with  the  ellipsoidic 
figure,  and  when  abandoning  this  it  quickly  passes  to  the  form 
of  a  slightly  oblate  spheroid  and  a  ring.  The  interruption  in 
our  strictly  mathematical  demonstration  cannot,  therefore,  seri- 
ously interfere  with  (26).  But  then  this  or  Kepler's  third  law  is 
a  consequence  of  the  nebular  hypothesis^  or  the  observations  embodied 
in  this  law  sustain  equaUy  the  nebular  hypothesis  and  gravitation. 

Again,  inductively,  we  may  conclude  from  Kepler's  third  law 
that  the  interruption  in  our  analytical  deductions  occasioned  by 
our  ignorance  of  the  exact  mechanical  laws  of  the  metamorpho- 
sis of  the  ellipsoid  into  the  ghbe  ring  (we  might  in  reference  to 
Saturn  find  the  expression  Kronion-form  convenient)  is  not  of 
serious  consequences. 

Thus  we  may  at  least  conclude  from  the  third  of  Kepler's 
great  laws  that  the  development  of  the  planets  was  periooical ; 
for,  this  law  being  a  fact,  and  (25)  being  rigorously  true,  we  must 
have 

=r|  =  constant ; (27) 

but,  as  remarked  before,  M  remains  essentially  constant,  hence 
pt  or  what  is  the  same  \  i.  e.  the  ellipticitv  e  of  the  nebula  cor- 
responding to  the  different  planets,  must  have  been  the  same  at 
corresponding  epochs,  just  as  we  assumed  above. 

But  if  the  metamorphosis  of  the  nebula  has  been  periodic,  and 
not  simultaneous,  we  must  ascertain  whether  the  successive  inter- 
vckls  ofUme  were  equal  or  not.  We  shall  find  that  they  u^ere  equa\ 
just  as  it  would  be  the  most  natural  or  the  simplest  to  assume. 

§  12.  Spiral  Nebula!. 

In  the  preceding  paragraph  we  considered  the  density  of  the 
nebula  sensiblv  equal  tmroughout,  so  that  the  nebula  always  ro- 
tated like  a  solid,  all  particles  having  sensibly  the  same  period 
of  revolution.  This  might  be  done,  because  the  dimensions  of 
such  nebula — however  immense  in  reality — are  not  sufficiently 
great  to  produce  a  very  large  change  in  o  (17)  in  ike  space  lu- 
k)tted  to  each  planet. 

But  there  may  be  bodies  gf  dimensions  so  vast  as  to  render  it 
utterly  impossible  to  consider  the  density  approximatively  uni. 
Am.  Joob.  Sol— Sscoitd  Ssriu,  Vol.  XXXIX,  Ko.  116.— Maboh,  180S. 
19 
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form  throughout  the  nebulous  mass.  Then  the  nebula  will  not 
rotate  like  a  solid,  but  the  angular  velocity  «  of  any  particle 

will  be  «=Y' (^^) 

or,  by  (24),  «=\^/i^ (29) 

As  M  (23)  is  constant  for  the  whole  nebula,  we  see  that  the  an^ 
gular  velocity  is  proportional  to  the  square  root  of  (lie  deiuily^  or, 
according  to  (17),  greatest  near  the  center  of  the  nebula. 

If  6  be  the  angle  of  position  of  those  particles  which  are 
originally  (i.  e.  when  <  =  0)  in  one  and  the  same  straight  line,  we 
have  at  the  time  t^ 

e=zoit, (30) 

or  by  (29) 

e^znfi.d.i^, (31) 

Bemembering  that  the  density  is  a  function  of  the  distance 
(16)  and  also  of  the  time  on  account  of  the  progressing  conden- 
sation, we  see  that  (31)  may  be  written, 

0^  =  fil^/{a,t) (32) 

At  any  given  moment  of  time  {t  constant),  all  the  particles 
that  originally  were  situated  in  the  same  straight  line  given  by 

^=0 (33) 

will  now  form  the  curve 

<92  =  v(a), 

i.  e.  a  spiral  This  contains  the  fundamental  principles  of  a  me- 
chanical tlieory  of  the  spiral  nehulca. 

Substituting  Laplace's  law  of  the  density  (17)  in  (31)  or  (82), 
we  obtain  as  tno  equation  of  the  spiral 

«=— C— (34) 

wherein  o^ju.^.^s  depends  upon  the  ellipticity  (/i),  the  density 
A  at  the  center^  and  the  time  ^  whilst  0  =c/*^^  depends  upon  the 
same  i^  and  <  and  the  rate  of  variation  of  the  density.  We  see  that 
the^e  spires  are  limited,  for  0<d<ft;  and  that  the  sweep  «  of 
the  spire  increases  with  the  age  of  the  nebula,  the  density  at  its 
center,  and  the  ellipticity. 

In  order  that  such  spiral  structure  may  become  apparent  in  a 
regular  ellipsoidal  nebula,  the  brightness  must  originally  have 
been  different  in  diflferent  meridians,  though  the  density  was 
constant  in  the  same  shell,  i.  e.  the  same  in  all  meridians.  Thus, 
if  the  brightness  in  the  nebula  was  originally  greatest  in  the  op- 
posite meridians  AC  and  BC,  (Fig.  1.)  and  it  rotates  in  the  ai- 
rection  of  the  arrow  around  the  !feis  C,  the  spiral  nebula,  (fig. 
2,)  would  result.    As  the  age  increases,  the  sweep,  or  the  angle 
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BCE  =  o,  would  increase,  whilst  A  and  B  remain  nearly  at  the 
same  distance  from  C :  so  that  an  annular  nebula  with  a  central 
core  might  in  time  result  from  a  spiral  nebula;  even  several 
concentric  rings  might  be  formed 

1.  2. 


We  cannot  suppose  any  nebula  to  have  different  brightness  in 
parts  of  the  same  density  ;  and  neither  is  it  reasonable  to  assume 
such  vast  masses  to  be  already  shaped  to  a  regular  ellipsoid  by 
the  influence  of  the  central  forces  (see  7). 

It  is  much  more  reasonable  to  think  that  the  nebulous  masses 
at  first  were  of  any  shape — such  as  might  result  from  a  predom- 
inating attraction  of  those  portions  where  the  heaviest  elements 
were  formed  or  collected  in  greater  abundance.  Then  the  for- 
mulae deduced  in  the  preceding  paragraphs,  though  no  longer 
representing  the  exact  conditions  of  the  nebula,  still  would  con- 
tinue to  bo  approximate;  the  angular  velocity  would  still  be 
greatest  near  the  central  parts,  as  can  also  easily  bo  shown  di- 
^^Gt\y^  by  considering  the  motion  of  each  particle  as  subject  to 
the  attractions  of  all  the  others.  Then  the  particles  originally  in 
a  straight  line  would  still  in  time  form  a  spiral. 

So  we  see  that  a  nebula  originally  in  the  shnpe  of  a  light  rec- 
tilinear cloud  with  a  condensation  near  the  njiddle,  like  the  part 
AB  in  fig.  1,  would  after  some  time  exhibit  a  spiral  like  the  dark 
part  in  fig.  2.  The  nebulae,  Herschel  1061,  and  H.  1337,  as  seen 
by  Lord  Rosse,^  have  exactly  such  a  form.  If,  instead  of  having 
the  nucleus  in  the  middle,  the  original  nebula  had  been  denser 
near  one  extremity,  like  fig.  3,  a  simple  spire  like  fig.  4  would 


be  the  resulting  spiral  nebula,  as  we  see  it  in  H.  827,  H.  1916, 

*  Prof.  O.  P.  Bond.  Director  of  Harrard  College  Obeervatory,  kindly  sent  mo 
copies  of  a  number  of  Roase's  latest  figures  of  spiral  nebuls— fur  vflnch  importaot 
service  I  here  repeal  my  sincere  thaolu. 
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etc.  A  nucleus  with  four  branches  of  diflferent  density  and 
magnitude  would  give  a  spiral  nebula  like  the  beautiful  object, 
Messier  99.  If  each  of  the  two  arms  in  figure  1  had  been  sub- 
divided into  two  branches,  H.  2084  would  result 

These  few  remarks  must  be  sufficient  at  this  place.  We  have 
already  deduced  forms  as  fanciful  as  H.  1196,  H.  181,  H.  1744, 
and  others,  from  simple  rectilinear  forms,,  and  we  hope  before 
lone  to  discuss  this  theory  more  at  length.  We  here  merely  in- 
tended to  show  that  the  forms  revealed  to  us  by  the  great  tele- 
scope of  Lord  Eosse  appear  to  be  simple  mechanical  consequen- 
ces of  the  nebular  theory,  if  applied  to  very  large  nebul». 

8  18.  The  Law  of  the  Planetary  Distances. 

The  law  of  the  planetary  distances  has  not  as  yet  been  discov- 
ered, though  it  has  been  most  diligently  sought  for  as  the  prin- 
cipal element  of  the  *'  Harmony  of  the  Spheres."  The  endeavors 
of  Plato  were  in  vain,  and  Kepler  at  last  ascended  to  the  truth 
that  the  present  distances  are  not  exactly  the  original  ones. 
Titius,  and  after  him  Bode,  came  near  it  [§  2,  (1)]  ;  but  the  cfe- 
viations  from  this  law  remained  unaccount^  for,  thus  not  giving 
the  conformation  most  essential  to  any  law. 

To  find  the  true  law  of  the  planetary  distances  has  been  our 
aim  for  nearly  ten  years;  we  hope  the  sequel  will  prove  that  we 
at  length  have  found  the  solution  of  this  problem  in  the  follow- 
ing l^w : 

Tlie  mutual  distances  of  the  planets  correspond  to  equal  intervals 
of  time. 

That  this  is  2^ fact  we  will  demonstrate;  but  why  these  inter- 
vals were  equal  we  are  not  yet  able  fully  to  see — ^still  we  know 
that  this  is  the  simplest  way  in  which  the  periodicity  in  the  de- 
velopment of  the  nebula  as  found  in  §  10  can  obtain. 

Deferring  a  thorough  discussion  of  the  earlier  attempts,  (some 
of  which  are  almost  contemporaneous  with  our  own  solution,)  to 
some  future  opportunity,  we  will  now  give  the  inductive  reason- 
ing which  leads  to  our  law  above  stated. 

There  are  a  few  well  known  laws  in  the  evolution  of  the  neb- 
ula which  embody  the  solution  of  the  problem.  We  know  that 
the  planetary  masses  are  insignificant  as  compared  with  the  solar 
mass ;  lience  we  see  that  the  orbits  of  the  planets  simply  mark 
the  eauatorial  band  of  the  condensing  nebula  at  those  definite 

Seriods  when  the  radius  of  the  nebula  had  diminished  to  the 
istance  of  the  planet     Thus  we  see  that  the  plamtary  distances 
must  be  functions  of  time. 

Or,  if  it  be  more  plain,  we  may  sav  that  the  original  nebula, 
in  contracting,  left  at  certain  intervals  a  few  particles  behind  to 
mark  the  limit  of  the  nebula  at  those  instants.  But  while  con- 
densing, the  uttermost  particle  of  the  nebula  describes  a  spiral 
<Mirve ;  and  if  we  can  nnd  the  relation  between  the  distance  a  of 
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this  particle  and  the  time  i,  we  seed  only  to  substitute  the  different 
intervals  corresponding  to  the  formation  of  the  different  planets 
in  order  to  obtain  their  distances.  But  as  the  evolution  is  regu- 
larly periodical  (§  10),  it  is  most  probable  that  these  intervals  are 
equal;  comparison  with  observation  shows  this  to  be  the  case. 

But  the  motion  of  such  a  particle  in  so  rare  a  nebula  is  regu- 
lated by  the  attraction  of  the  whole  nebula  and  the  resistance  of 
the  ether.  The  first  of  these  forces  is  inversely  proportional  to 
the  square  of  the  distance  a,  since  the  mass  remams  sensibly 
the  same,  and  the  particle  is  considered  as  on  the  equatorial  eur- 
face  of  the  nebula.  In  other  words,  the  force  of  attraction  on  the 
particle  is  the  same  as  the  force  of  gravitation  acting  upon  a 

f>lanet  Besistance  of  the  ether  will  necessarily  follow  the  same 
aw,  whether  a  single  particle  or  a  planet  be  subject  to  it  But 
then  our  analysis*  of  the  motion  of  a  planet  toward  the  sun  is 
directly  applicable  to  the  motion  of  the  superficial  particle  in  its 
fall  toward  the  center  of  the  nebula.  Formula  (10)  of  that  ar- 
ticle shows  the  distance  a  (radius  of  the  nebula)  to  be 

a=A.«  ••••.....     (35) 

where  A  is  the  original  distance  (or  radius  of  the  nebula)  and  i 
the  time  of  falling  from  A  to  a.  Or,  if  a^  represent  the  distance 
of  the  planet  that  separated  from  the  principal  nebula  at  a  time  t 
earlier  than  the  now  nearest  planet — i.  e.  the  age  of  the  planet  as 
counted  from  Mercury, — the  above  (85)  becomes 

flr  =  ^.y* (36) 

where  ^  and  y  are  constants.  But  in  the  analysis  leading  to  (85) 
the  coefficient  ^  of  resistance 

3  a 

^=8^ («^) 

has  been  considered  constant ;  here  we  cannot  do  so,  for  though 
the  density  ^  of  the  ether  and  the  radius  q  of  the  particle  may 
be  considered  constant,  the  density  ^  of  the  particle  varies  very 
much,  about  inversely  as  the  cube  of  the  radius  of  the  (homo- 
geneous) nebula.  If,  therefore,  i^'  be  the  value  of  i'  correspond- 
ing to  the  particle  at  the  distance  80*0  of  Neptune.  >"  the  same 
at  the  distance  0*4  of  Mercury,  we  have  for  a  nomogeneous 
nebula 

p' : I'"  =  {'iY  :  (300)»  =:  1 :  422000 

nearly.  If  d  increases  toward  the  center  this  proportion  would 
be  diminished ;  but  still  we  see  that  v  decreases  toward  the  inte- 
rior. The  formula  (36)  can  therefore  only  express  the  principal 
part  of  the  law ;  how  (86)  has  to  be  amended  in  order  to  take 

*  On  tlM  DentUy,  RotatloD  and  reUtire  Ag«  of  the  PUuMti.    This  Jouraa],  1 864, 
[2],  xxzTii,  36. 
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the  variation  of  «'  into  account  has  to  be  separately  investigated. 
Before  we  attempt  this  we  will  compare  (86)  with  observation. 

Erecting  at  equal  distances  (§  10)  ordinates  proportional  to  the 
actual  planetary  distances,  and  interpolating  by  connecting  these 
points  by  a  curve,  we  see  that  this  curve  has  the  appearance  of 
9.  logariUimic  curve  (like  those  given  on  the  plate  appended  to 
our  former  article,  this  Journal,  186-i,  vol.  xxxvii) ;  and  if  drawn 
with  sufficient  care,  we  find  that  the  constancy  of  the  subnormal, 
characteristic  of  the  logarithmic  curve,  holds  good  in  the  present 
instance — thus  proving  that  (36)  really  is  applicable  to  the  plan- 
etary distances.  But  it  is  not  the  exact  law,  for  the  axis  in  the 
diagram  is  evidently  too  far  below  the  curve,  or  the  distances 
are  too  great  by  a  constant  «,  so  that  the  diagram  of  the  planet- 
ary distances  will  be  expressed  not  by  (86)  but  by 

a,  =  «  +  |9.r', (38) 

and  it  remains  to  be  seen  whether  this  additional  constant  «  can 
be  accounted  for  by  the  variation  of  •'  (37).  Before  we  investi- 
gate this,  we  will  see  how  far  (38)  represents  observation. 

We  see  that  it  is  almost  the  same  as  the  law  of  Titius,  but 
while  in  the  latter  t  is  a  mere  index^  it  is  in  (38)  a  variable,  the 
great  independent  variable  of  mechanics,  time  or  age!  Besides, 
(88)  deviates  from  Titius  in  the  case  of  Mercury.  Adapting  the 
constants  of  Bode  to  (38),  it  becomes 

ar=4  +  (l-5).2' (39) 

Representing  bjr  a  the  actual  distance,  we  have,  for  compari- 
.son  with  observation, 

Distance 
Planet  age,  t,     calc  a^  obs.  a.        Difference. 

Meicuiy,          -         .         .  o  65  38*7  -|-  16*3 

•Venus,        ....  1  70  92-3  —     2-3 

Earth,     ...        -  2  100  100-0  0-0 

ilars,          ....  3  160  152-4  +76 

Asteroids  ©-@,     -         -  .  4  280  262-3'  +  ^'^"'^ 

Jupiter,       ....  5  620  620-3  —       -3 

Saturn,             ...  6  1000  963-9  +  461 

Uranus,      ...        -  7  1960  19182  +  41-8 

Neptune,         ...  8  3880  30036  +876-4 

We  see  that  the  present  distances.a  agree  with  the  original  at  for 
the  principal  planet  of  both  groups,  for  the  Earth  and  Jupiter. 
Mars,  Saturn,  and  Uranus  are  about  ^V^h  of  their  distance  too 
near  the  sun,  having  approached  the  latter  so  much  more  on  ac- 
count of  their  mass  oeing  smaller.  Mercury  and  Neptune  have 
even  approached  still  more,  the  former  because  of  the  smallness 

*  Calculated  from  Jihe  table  in  Smilluonian  Report  for  1861,  p.  218-219.  We 
found  the  following  interestins:  fact:  mean  distance  of  (1)  to  (81)  =s 2 699  ;  of  (81) 
to  (66)  ^  2*679  ;  of  (67)  to  (72)  s=  2752,  showing  that  in  general  the  more  dittarU 
numbert  of  the  group  of  atteroide  have  been  later  diaeqvered. 
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of  its  mass,  the  latter  on  account  of  its  high  age  (see  this  Jour« 
nal,  vol.  xxxvii,  p.  41).  Before  the  precise  influence  of  resist- 
ance was  known,  these  deviations  were  considered  sufficient  cause 
to  reject  the  law  of  Titius-Bode;  but  now  these  very  deviations 
have  become  essential  supports  of  the  truth  of  that  law. 

Another  and  better  test  of  our  law  (38),  and  of  the  constants 
of  Bode  (39),  is  obtained  by  directly  solving  (39)  for  the  age  t 
loff  (cT/—  40)  —  loff  1 5  ,    , 

«=  log  2  (*«) 

and  seeing  how  far  t  is  given  by  the  series  0, 1, 2 .  • .  We  thus  find 

Planet  Age.  too  small 

Mercury,      ...        -        imng. 

Venus, M066  — -1066 

Earth,  ....         2-0000  -0000 

Mare, 2-9056  +-094 

Asteroids©-®,-        -        -        3-890  +'U 

Jupiter,   .         .        .        •        -     5-0001  -000 

Saturn,         ....         5*9264  +•073 

Uranue, 6-9683  -f'OSl 

Neptune,      .        -       *.        .        7*6230  4*3'^'^ 

From  this  table  we  see  that  the  age  of  the  planets  above  that 
of  Mercury  is  as  the  series  of  natural  numbers,  the  deviations  not 
only  being  but  sniall^  but  just  such  as  influence  of  the  mass  would 
make  them.  This  may  be  easily  proved  by  the  formula  con- 
tained in  the  article  on  the  age  of  the  planets  before  referred  to. 
If  the  present  age  of  Mercury  be  m,  then  the  age  of  the  into- 

rior  planets  will  be  to  that  of  the  exterior  ones  as  m  +  --  is  to 

26  * 

m  +  --,  or  as  2m  +  3  to  2m  + 18.    We  found  this  ratio  as  1  to 

S  (this  Journal,  vol.  xxxvii,  p.  43) ;  if  true  it  would  follow  that 
m  =  1,  or  the  total  age  of  any  planet  wovid  bet  +  l^lJu  unit  being 
^  <^c  of  Mercury. 

After  having  seen  that  (38),  the  modified  form  of  (36),  is  ap« 
plicable  to  the  planetary  distances,  we  will  demonstrate  that  this 
modification  is  consistent  with  the  signification  of  t,  the  time. 

If  the  resistance  R  be  proportional  to  the  velocity  v,  or 

R=zpv (41) 

we  have  the  tangential  force  (this  Journal,  vol.  xxxvii,  p.  40) 
.de\ 


A"^) 


JfX 

=— Rco8»7  =  — »'r;7-,      .    .     (42) 


r       dt      ^  '  dt' 

where  r  is  the  radius  vector,  and  ^  the  anomaly ;  but  Kepler's 
second  law  gives 

dd 
r'ji^c (43) 
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80  that  (48)  becomes 

l[J;+vc]=<, (44) 


giving  far  v  constant, 


c^C.r''^ (45) 


or,  since  by  Kepler's  third  law,  c*=afi, 

a  =  5!e-2W, (4e) 

all  of  whicb  fonnulae  are  demonstrated  in  our  article  referred  to 
above. 

Instead  of  solving  the  problem  directly,  we  may  indirectly  try 
to  find  how  V  must  vary  that  (86)  may  become  (88),  i.  e.  to  add 
a  constant  term  to  (46).  In  other  words,  C  instead  of  being  con- 
stant must  be  considered  a  function  of  ^,  i.  e.  (44)  must  be 

80  that  the  resistance  now  becomes,  see  (42), 

R  =  v.-lW^,,_J.?(0 (,8) 

C08^  do     r 

instead  of  (41),  where  cos  ^  =  -r-,  and  A  is  the  element  of  the 

orbit.  The  function  g)(0  can  now,  by  the  method  of  the  varia- 
tion of  the  arbitrary  constants,  be  so  determined  that  (46)  or  (86) 
coincides  with  (88).    Since  r  is  a  function  of  ^  we  may  make 

/(0  =  ry(0,       (49) 

hence  (47)  becomes 

^^+.c=/(0 (50) 

Taking  the  complete  differential  of  (46),  i.  e.  also  considering 
0  yariable,  substituting  in  (50)  and  reducing  by  (45),  we  obtain 
for  the  determination  of  C, 

^      "di"^^^ ^"^ 

This  gives,  by  making  K  an  arbitrary  constant, 

C  =  K+//'.y(0-^'. (52) 

which,  substituted  in  (46),  gives, 

a  =  i_[K+/e*",/(0.rfO».     .     •    (M) 

This  should  be  identical  with  (88),  i.  e.  (remembering  that  i 
here  is  counted  from  the  most  distant,  in  (88)  from  the  nearest 

planet  and  that  y  in  (86)  is  f^''  in  (86) ) 

a^a^^.f'^''^ (64) 
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Equating  (53)  and  (54),  and  solving  for  f(t),  we  find, 

or,  by  (54),  -^^^^'Oj ^^^^ 

But  Kepler's  third  law  gives  fi=za.v^  (this  Journal,  vol. 
xxxvii,  p.  88,  note) ;  hence 

f{t)=^av,        (57) 

consequently,  by  (49),  r  and  a  being  now  the  same  again, 

V(0  =  ^«^,       (58) 

or  (48),  cos  V  being  almost  equal  to  one,  the  orbit  being  nearly 
circular,  R=zvv(\ — J (69) 

Thus  we  see  that  (36)  becomes  (38)  if  the  resistance  R,  instead 
of  being  simply  proportional  to  the  velocity  (41),  is  varying  ac- 
cording to  (59),  which  may  be  comprehended  in  (41)  by  taking 
the  factor  p  to  decrease  from  y  (a  =  x )  to  0  (a  =  «)  according  to 


'-"(^-l) ^^^^ 


This  variation  of  the  coefficient  of  resistance  is  conformable  to 
(37),  since  -^,  according  to  (16)  (then  ^),  increases  as  a  decreases. 

The  law  a,r=a+|?.e       =a  +  |?.y' 

is,  therefore,  but  an  amplification  of 

in  the  latter  the  coefficient  of  resistance  is  constant^  in  the  former 
it  varies  according  to  (60).  As  now  (60)  is  real,  (54)  or  what  is 
the  same  (38)  is  the  real  law  of  the  planetary  distances,  t  contin- 
uing to  represent  the  age,  and  not,  as  in  Bode*s  law,  a  mere  in- 
dex. And  as  nowfinaUy  (38),  applied  to  the  actual  distances^  gives 
valiiesfor  t  that  are  very  nearly  as  the  natural  nurnbers,  our  law, 
announced  above,  holds  true,  that  the  planetary  distances  correspond 
to  equal  intervals  of  time;  or  the  consecutive  planets  were  abandoned 
at  equal  intervals  of  time. 

There  remain  yet  two  remarkable  consequences  to  be  drawn 
from  this  exponential  law  of  the  planetary  distances.  If  in  (38) 
it  is  sufficiently  great  (i.  e.  the  corresponding  planet  far  firom  the 
center)  to  make  the  first  term  insignificant  as  compared  to  the 
second,  we  have  approximatively 

hence  a<+»=|?.y«+», 

Am.  Jour.  ScT.—Secoxd  SrRH!»»  Vol.  XXXIX,  No.  116.— Mibch,  18(J5. 
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consequently  -^^^=1^7 (^1) 


ovfor  the  most  distant  planets  their  distances  approach  to  a  simple 
geometrical  series  whose  quotient  is  the  base  y.  But  this  law  will 
again  in  part  be  interfered  with  on  account  of  the  action  of  re- 
sistance on  the  completed  system,  which,  on  account  of  the 
higher  age,  has  drawn  the  most  distant  planets  comparatively 
nearer  to  the  sun  than  the  less  distant  ones,  so  as  to  diminish  the 
above  quotient  /. 

Again,  if  t  is  sufficiently  small — or  the  planet  sufficiently  near 
the  center — the  exponential  series  contained  in  (38)  is  highly 
convergent,  so  that  perhaps  the  approximation  may  be  sufficient 
if  only  the  term  of  the  first  order  is  taken,  so  that  (88)  becomes, 
A  and  B  representing  constants, 

a,=:A+B.^ (62) 

hence  a^,  =  A+B(<+1), 

aH.a  =  A+B.(^+2),  etc. 
or,  a^+j -aj  =  a^2-a^j=:B,      .    .     (63) 

L  e.  the  innermost  planets  have  a  tendency  to  become  equidistant 

Both  of  these  consequences  are  very  plainly  marked  in  the 
solar  system,  especially  in  the  lunar,  but  also  in  the  planetary 
orbs.    For,  as  regards  (61),  we  have  for  the  distances  of 

Saturn     to    Jupiter        as        1*85  to  1. 
Uranus    "     Saturn         *«        2-01    "   1.      . 
Neptune"     Uranus        "        1-67   "1. 

For  Satufn-Jupiter  this  proportion  is  still  less  than  y  =  2 — also 
because  Jupiter  both  on  account  of  its  age  and  mass  has  fallen 
less  toward  the  sun  than  Saturn ;  but  for  Uranus-Saturn  the 
ratio  is  almost  equal  to  /  =»  2,  while  for  Neptune-Uranus  it  is 
less  again,  on  account  of  the  higher  age  of  tne  first. 

The  second  circumstance,  expressed  in  (63),  seems  to  be  exem- 
plified in  the  orbits  of  Mercury,  Venus,  Earth,  the  three  planets 
that  are  nearest  to  the  sun,  or  for  which  t  is  the  smallest.  Their 
distances  are 

DitUnce.  Diflflereoce. 

Mars,           ....  152'4  .„- 

Earth,     ....  100-0  ^^* 

Venus,         ....  72-3  iH 

Mercury,          -        -        -  38-7  ^^  ^ 

We  see  how  Mars,  Earth  and  Venus  follow  Bode's  law  exactly, 
for  one-half  of  52-4  is  26*2,  or  very  nearly  26*7 — but  the  distance 
between  Venus  and  Mercury  is  33-6  instead  of  J  of  267  or  13*4. 
This  difference  might  be  considered  as  a  consequence  of  (63) ; 
but  we  know  that  it  is  principally  due  to  the  small  mass  of 
Mercury. 

[To  be  concluded.] 
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Abt.  XIX.— Periodic  action  of  Water ;  by  Louis  Nickerson. 

In  reading,  some  weeks  ago,  the  article  by  Prof.  Loomis,  on 
the  vibrations  of  water  flowing  over  a  dam,  I  was  somewhat 
surprised  at  the  idea  of  deriving  the  peculiar  motion  from  a  for- 
eign source,  as  a  column  of  air;  surprised,  because,  however 
much  the  air  might  effect,  by  reaction,  after  the  action  had  com- 
menced, the  perturbations  of  a  liquid,  in  whatever  state  of  mo- 
tion it  may  exist,  have  always  been  so  connected  with  periodic 
action  as  to  have  given  use  to  the  name  of  its  most  common  at- 
tribute "  the  wave,"  as  the  characteristic  title  of  nearly  all 
periodic  action.  Without  an  attempt  to  discuss  the  question 
with  the  distinguished  gentleman  engaged,  I  shall  endeavor  to 
pjoint  out  the  manner  in  which  the  vibrations  may  be  considered 
simply  as  the  result  of  a  wave  peculiarly  circumstanced. 

I  was  sitting  one  day  upon  the  bank  of  a  large  river  in  the 
West.  Before  me  was  a  strong  ripple,  supposed  by  the  people 
around  to  have  been  caused  by  the  lodgment  of  snags  upon  the 
bottom.  The  sound  from  it  was  much  louder  than  the  roar  of 
the  stream — then  in  a  state  of  freshet,  and  itself  uproarious. 
But  there  was  a  cadence  in  it,  an  easily  distinguished  division 
into  regular  periods,  which  induced  an  inclination  to  pause  and 
watch.  My  position  was  just  upon  the  middle  of  an  arc,  which 
a  late  "caving  in"  of  the  bank  had  indented,  each  point  of  the 
arc  running  past  the  average  bank  of  the  river  toward  the 
center.  The  one  down  the  river  being  in  the  greatest  projec- 
tion gave  to  the  arc  the  appearance  of  a  crescent,  quartering 
into  the  bank  and  with  its  back  down-stream-ward.    Now  a 

Eortion  of  the  main  current  of  the  river,  striking  this  lower 
orn,  rounded  inward  as  though  to  make  a  whirl  within  the 
crescent,  but,  thrown  off,  shot  over  toward  the  center  and  up 
stream.  Above,  another  partial  current,  cut  off  from  the  main 
stream  by  a  shoal  or  otherwise,  came  down  along  shore,  and 
passing  the  upper  horn  bore  directly  down  upon  the  face  of  the 
first  eddy.  If  ow  they  attempt  to  bear  each  other  back,  as  though 
striving  for  the  mastery  of  the  crescent.  For  an  instant  there  is 
an  equilibrium.  Both  currents  at  the  place  of  meeting  rise  ram- 
pantly into  waves ;  both  seem  to  receive  reinforcements.  They 
might  be  supposed  to  be  equally  matched,  but  the  upper  current 
receives  the  most  water.  For  another  instant  they  stand  poised 
and  opposed,  and  then  the  upper  rushes,  broken,  but  conquering, 
down  over  the  surface  of  the  other.  Carrying  off,  however,  not 
only  its  superabundance,  but  dragging  alon^  a  little  more  water, 
so  that  the  lower  current  quickly  regains  its  ascendency,  driv- 
ing the  upper  back  to  be  again  checked  and  again  overpowered, 
as  before. 
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Afterward,  I  watched  this  place  for  hours  at  a  time,  unfor- 
tunately without  timing,  but  yet  with  so  distinct  and  definite  a 
feeling  of  the  regularity  of  the  periods,  that  it  was  easy  to  esti- 
mate in  the  mind  the  exact  period  when,  equilibrium  having 
been  attained,  the  lower  water  would  start  suddenly  back  and 
the  accumulated  waves  from  above  ^ush  over  it,  always  dragging 
a  suflScient  extra  quantity  of  water  from  the  upper  current  to 
give  for  a  time  the  ascendency  to  the  lower.  The  space  thus 
fought  over  was  three  or  four  feet 

But  mill-dams  are  certainly  not  in  just  this  situation.  The 
permanent  weir  opposes  no  such  active  resistance  as  the  elastic 
and  'moving  weir  just  dcvscribed.  Its  characteristic  is  passive 
resistance.  Must  we  therefore  look  to  it  for  continuous  action? 
I  take  it  to  be  thus : 

Ist  That  a  certain  quantity  of  water  arrives  at  the  pool,  and 
is  all  passed  over  the  weir  in  the  end,  but  in  periods. 

2d.  That  the  quantity  passed  between  these  points,  is,  at  the 
lesser  points  of  velocity,  of  greater  transverse  section.  This  is 
obvious. 

3d.  That  the  decrement  of  velocity,  and  corresponding  incre- 
ment of  section,  is  greater  at  a  point  nearly  under  the  point  of 
greatest  depression  of  the  curve  of  amplitude. 

4th.  That  outside  of  this  stream  the  pool  is  made  up  of  water 
in  a  state  of  slow  motion,  at  rest,  or  even  in  some  cases  of  re- 
action, whirling  or  flowing  backward. 

Now  we  may  examine  the  curve  of  hydraulio  amplitude  and 
its  changes.  For  this  we  take  the  formulae  of  permanent  motion ; 
which,  tnough  not  exact,  is  sufficiently  charticteristic,  as  derived 
from  Weisbach, 

P  v^ 


when 


I  =  distance  between  a  and  a^^. 


sin  a  =  slope  of  original  stream  )  a  =  depth  of  dam  or  known  poist. 

P  =  whetted  perimeter,  )  a^zr  required  depth. 

al  =  transverse  section,  z  =  coefficient  of  resistance, 

V  =  velocity,  ff  =  ^2*2,  or  a  gravitation. 

The  form  of  this  curve  is  represented  in  the  works  of  almost 
all  hydraulic  authors,  and  its  equation  shows  it  to  be  asymp- 
totic to  the  original  surfiwse.    It  is  easily  seen  above  that  when 

P    v^ 
sin  a  of  the  original  surface  becomes  equal  ^  2;  —  .--  and  there- 
fore equal  to  sin  a'  of  a  transverse  section  of  the  pool ;  a— a,  =0, 
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or  the  pool  is  simply  a  continuation  of  the  stream,  and  if  — 

becomes  equal  to  -,  or  the  height  due  to  velocity  becomes  equal 

to  one-half  the  depth,  both  of  the  original  stream,  then  a  -a ,  =  x, 
a  case  which  we  shall  examine  more  hereafter.  We  know  that 
when  the  pool  is  first  filled  and  the  water  is  just  on  the  point  of 
flowing  over  the  dam,  the  surface  is  horizontal,  and  we  call  it 
the  hydrostatic  amplitude.  It  is  moreover  true,  that  when  the 
flowage  commences  and  the  hydraulic  amplitude  obtains,  there 
is  a  stream  of  water  passing  through  the  pool,  various  in  its 
velocities,  and  with  a  sheath  of  water,  differently  circumstanced, 
around  it,  which  it  in  some  way  affects.  We  have  also  the  ad- 
mitted law,  (Weisbach,  vol.  1,  art.  307 ;  D'Aubinson,  art.  54), 
thsCt  when  any  stream  of  liquid  is  in  motion  in  any  direction,  its 
pressure  in  all  other  directions  is  equal  to  its  hydrostatic  press- 
ure, less  the  pressure  in  the  direction  of  its  motion,  and  generally, 
that  when  a  liquid  in  motion  is  made  to  pass  *th rough  a  liquid  of 
less  velocity,  a  part  of  the  latter  is  dragged  along  by  its  greater 
lateral  pressure,  and  passes  off  witb  the  stream.  In  1797  the 
engineer  Venturi  applied  this  principle  successfully  to  the  drain- 
age of  public  lands.    (Ewbank's  Hydraulics,  p.  478.) 

In  a  pool  fed  at  one  point  and  yielding  up  the  water  at  an- 
other, such  as  a  mjll-pond,  this  state  of  affairs  practically  obtains : 
that  there  is  first  'a  stream  of  water  running  some  distance  into 
the  remou,  and  another  passing  out ;  in  long  dams  only  near 
the  ends,  perhaps,  but  in  those  of  ordinary  size  throughout  the 
whole  length.  This  stream  comes  in  contact  with  and  passes 
through  walls  of  partly  quiescent  water,  not  only  that  of  the 
dead  angles,  but  also  of  superimposition.  For,  says  the  engineer 
D'Aubinson,  "  moreover,  the  water  of  flowage  seem  only  to  be 
superimposed  above  the  current,  and  not  to  participate  wholly 
in  its  motion.  The  engineers  who  took  the  levels  upon  the 
Weser  have  observed,  at  a  distance  of  3884  feet  from  the  dam, 
that  the  velocity  of  the  surface  was  nearly  insensible,  whilst  that 
at  the  bottom  was  quite  strong." 

We  have  now  the  fact  that  a  stream  is  running  through  water 
much  more  nearly  at  rest,  and  that  owing  to  the  difference  of  pres- 
sure, some  of  the  slower  water  must  be  dragged  along  in  the 
course  of  the  faster,  in  quantity  and  force  varying  as  the  differ- 
ence of  lateral  pressure.  We  must  remember  that  as  in  the  end 
the  weir  can  only  pass  over  the  same  amount  of  water  as  it  has 
received  from  the  upper  end,  i.  e.,  the  water  of  the  current,  there 
must,  then,  be  a  periodic  lull  until  the  deficiency  caused  by  this 
dragging  action  has  been  replaced. 

It  might  readily  appear  that,  as  the  velocity  may  become  less 
from  the  interior  of  the  stream  to  the  outside,  this  might  occur 
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and  yet  a  continuous  action  be  kept  up.  Bat  a  little  thought 
will  show  that  as  normally  the  stream  passes  out  exactly  the 
quantity  received  through  its  own  continuation  outside  the  pool, 
and  as  the  water  which  I  have  shown  to  be  dragged  out  is  an 
extra  quantity,  there  must  be  a  pause  after  its  exit  until  the 
surface,  which  has  been  lowered  a  very  small  increment  by  its 
departure,  attains  its  own  proper  regimen. 

You  will  notice  that  this  reasoning  requires  that  there  should 
be  a  rise  and  fall  of  the  surface  of  the  curve  of  amplitude.  I 
have  seen  no  such  rise  myself,  nor  been  able  to  obtain  a  con- 
firmation of  its  occurrence  from  others.  But  these  causes  of  its 
existence  appear  to  me  too  plain  to  be  disputed.  It  must  by 
necessity  be  extremely  small, — too  small  perhaps  for  observation. 

For  the  formula  A  =^  when  applied  to  a  4  foot  velocity  gives 

us  A  =  0*25,  and  a  velocity  of  4'3  yields  for  h  only  h  =  0'263. 
By  which  we  see  that  a  rise  which  would  only  add  a  quantity 
=  0*013  to  the  depth  would  increase  the  velocity  full  y'^.  Then 
for  the  ordinate  of  the  parabola  of  theoretic  fall,  we  should  have 
for  the  vis  viva  of  the  horizontal  component  a  quantity  varying 
as  the  square  of  velocity,  or,  for  velocities  varying  from  4  ft.  to 
4*3  fli.,  a  mechanical  eflfect  varying  as  16  to  18*5  against  the  re- 
sistance of  the  atmosphere.  That  the  atmosphere  both  outside 
of  the  falling  water  and  the  column  inclosed  between  it  and  the 
dam,  would  assist  by  its  elastic  reaction  in  the  vibrated  distance, 
there  can  be  no  manner  of  doubt.  But  a  cursory  thought  strikes 
me  as  I  write,  that  were  the  action  of  the  air  truly  isochronous 
with  these  vibrations,  then  the  vibrations  would  have  a  constant 
tendency  to  increase.     Partly  it  assists,  partly  deadens. 

Again  let  us  recur  to  our  formula.  Although  made  by  Weis- 
bach  only  to  measure  the  curve  of  amplitude,  and  for  the  ordi- 
nary case  of  remou,  it  still  contains  the  very  elements  which  we 
neeS,  and  its  changes  may  at  least  mark  corresponding  changes 
in  the  law  which  we  discuss.     In 

P  't;2 
sina  — z— r.— 


2/ 

we  see  that  sin  «  is  the  measure  of  the  slope  of  the  original  cur- 

P  v2  .  ' 

rent,  ^J-r-o*   ^^  ^^^  resistances  of  the  whetted  perimeter  of  the 

pool,  whilst  the  denominator  marks  the  changes  which  occur  in 
the  condition  of  the  stream.  To  use  it  for  our  present  purpose 
we  must  find  the  value  of  a,  for  some  finite  point  on  the  axis  of 
the  stream,  and  then  placing  /  =  to  an  infinitesimal  distance 
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from  tbat  point,  the  difference  a,— a,  should  show  the  fluctua- 
tion of  height  due  to  a  periodic  change  in  the  discharge.    Now 

P     V* 

when  sin  a  =  z-T.--,  it  is  also  by  the  law  of  the  formula  =sina- 

of  that  transverse  section  of  which  the  second  member  shows  the 
resistance;  therefore 

sin  Of  =  sina', 

•  therefore  the  velocity  of  the  pool  =  the  velocity  of  the  stream, 
and  the  surface  line  of  the  pool  is  a  parallel  line  with  the  bed ; 
for  «;— a  ==0,  therefore  it  is  circumstanced  as  in  the  original 
stream.  There  is  no  backwater,  no  difference  of  pressure  and  no 
vibration. 

When  sin  a  =  0 

the  surface  becomes  level,  for  there  is  no  velocity,  no  flowage, 

P  1/2 
therefore  no  resistance,  2~.  —  =0;  againa,— a^=0;  and  there 

0.V       Zff 

is  no  action,  periodic  of  otherwise. 

So  we  see  that  there  are  two  points  at  which  the  vibrations 
cease  :  namelv,  when  the  water  is  sufficiently  high  to  flow  over 
the  dam  without  much  remou,  as  with  a  stream  undammed, 
and  with  its  surface  a  line  nearly  corresponding  with  the  surface 
of  the  original  stream ;  and  again  when  the  water  is  so  low  as 
to  make  the  difference  between  the  hydrostatic  and  hydraulic 
pressures  very  small.  Of  course  these  limits  are  much  circum- 
scribed by  the  inertia  of  a  large  body  of  water  which  has  con- 
stantly a  tendency  to  absorb  and  soften  these  vibrations.  The 
most  violent  palpitatioh  should  then  occur  when 


smo 


"VaV^g) 


m  being  a  new  quantity  to  be  found  by  a  knowledge  of  the 
stream. 

2  v^  v^        a 

Again,  if  we  put-,—  =  1,  <^r  o"  =  «»  ^^  when  the  height 

due  the  velocity  of  the  original  stream  becomes  equal  to  one-half 
the  depth  of  the  same,  we  nave 

a,— a^=  X. 
Certainly  nature  admits  no  such  diflerences  as  this.  Yet,  the 
fiict  beautifully  follows  from  this,  that  when  the  height  due  the 
velocity  of  the  original  stream  is  equal  to  one  half  the  depth  of 
the  same,  the  back  water  no  longer  retains  the  concave  form, 
but,  tending  to  rise  infinitely,  is  checked  by  the  action  of  gravity, 
falls  backward  upon  the  original  stream,  and  tends  to  form  a 
convex  wave,  witli  a  nearly  horizontal  surface  at  a  height  above 
the  bed  of  about  one  and  one-half  times  the  hydrostatic  height. 
After  this  height  becomes  greater  than  half  the  depth,  the  wave 
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is  actually  formed,  and  the  water  of  amplitude  flows  to  and  re- 
bounds from  the  foot  of  the  stream.  JBidone  discovered  this 
law,  and  Belanger  has  applied  to  it  a  formula. 

The  general  formula  which  relates  to  this  action  we  may 
gather  from  what  proceeds.    If  A  be  the  height  of  the  remou, 
just  before  greatest  action,  A— /<,=  height  at  the  beginning  of 
the  lull  that  succeeds.    The  velocities  are  then 
jv^  V,  -  v„ 

And  the  times  =  t=   YjHI?  ,  » ,  and  5,  being  spaces  due  to  the 

two  velocities  combined  with  the  time,  <,  of  the  vibration.  Or 
the  time  of  one  vibration  is  equal  to  the  time  in  which  water  falls 
through  the  height  upon  the  dam,  minus  a  space  due  to  the  ve- 
locity of  different  heights  of  remou,  combined  with  the  time 
observed.  In  other  words,  it  is  the  time  required  for  the  quick 
water  to  draw  a  certain  portion  of  nearly  quiescent  water  into  its 
own  mean  velocity — the  quantity  of  quiescent  water  so  drawn, 
and  consequently  the  time,  depending  upon  the  regime  of  the 
remou.     To  this  must  be  added  the  time  of  recuperation. 

The  action  when  a—a^^  x  would  be  the  formation  of  a  re- 
mou, similar  to  the  one  described  as  seen  by  the  writer  of  this  in 
the  first  part  of  this  paper,  just  at  the  point  where  the  stream  runs 
into  the  pool,  which  would  cause  one  set  of  vibrations  there,  and 
perhaps  another  set  similar  to  those  on  ordinary  dams  at  the  weir. 

For  a  practical  solution  of  this  question,  to  prevent  the  vibra- 
tions, I  am  only  prepared  to  recapitulate  the  loregoing  examin- 
ation into  the  nature  of  the  action. 

1st,  We  may  consider  that  the  vibrations  become  practically 
small  when  the  inertia  of  the  pool  becomes  sufficient  to  absorb 
them;  therefore  they  are  small  when  the  quantity  of  water  run- 
ning over  the  danf  is  small  in  relation  to  the  pool,  and  sin  0=0 
or  nearly. 

2d,  The  same  would  be  true  if  there  were  no  backwater,  or 
the  stream  retained  its  mean  velocity  unretarded,  obtaining  when 
the  sin  a  =  sina',  as  before,  or  when  the  surface  becomes  parallel 
with  the  bed ;  and  again,  should  the  pool  be  so  filled  as  to  make 
the  bed  become  parallel  with  the  surface.* 

'  After  the  horizontal  line  (or  line  of  hydrostatic  amplitude)  which  bounds  the 
florface  of  a  pool  just  on  thQ  point  of  running  over  its  dam  is  found,  and  the  water 
begins  to  flow  over,  the  longitudinal  outline  of  the  surface  changes  from  its  straight 
and  horizontal  form,  and  becomes  a  cunre,  which  joins  the  water  of  flowage  at  some 
distance  from  the  dam,  and  proceeding  backward,  after  the  law  of  the  equation 
given  in  this  paper,  becomes  asymptotic  to  the  surface  of  the  original  stream.  It 
is  called  the  hydraulic  amplitude.  This  curve  marks  by  its  changes  every  altera- 
tion or  irregularity  in  the  flowage,  either  of  quantity  or  velocity  or  resistance,  and 
having  been  carefully  subjected  to  mathematical  laws,  answered  as  a  touchstone  to 
the  deductions  of  this  paper.  And  the  law  developed,  not  being  dependent  upon 
the  form  or  nature  of  the  weir,  is  a  law  for  the  periodic  action  of  all  fluids  m  a 
state  of  motion  past  an  obstacle. 
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Abt.  XX. — Remarks  on  the  Carboniferous  and  Cretaceous  Rocks  of 
Eastern  Kansas  and  Nebraska,  and  their  relations  to  those  of  the 
adjacent  States,  and  other  localities  farther  eastward;  in  connec- 
tion with  a  review  of  a  paper  recently  published  on  this  suf/ject  by 
M.  Jules  Marcou^  in  the  Bulletin  of  the  Geological  Society  of 
France:  by  F.  B.  Meek. 

It  is  doubtless  known  to  most  of  the  readera  of  this  Journal, 
that  other  explorers  have  long  differed  from  Mr.  Marqou,  in  re- 
gard to  several  important  points  in  the  geology  of  the  Western 
States  and  Territories.  During  the  autumn  of  1863,  it  seems  that 
he  made  an  excursion  to  the  West  for  the  purpose  of  examining 
some  of  the  localities  in  Nebraska  respecting  which  he  and  others 
could  not  agree.  While  making  these  examinations,  he  was  ac- 
companied by  Professor  Capellini,  an  able  Italian  geologist  from 
Bologna ;  but,  as  Mr.  Marcou  distinctly  states  that  the  views  set 
forth  in  his  paper  are  entirely  his  own,  and  that  Prof.  Capellini 
may  have  arrived  at  very  different  conclusions,  it  is  due  to  the 
latter  gentleman,  that  the  geologists  and  amateur  collectors  fami- 
liar with  western  geology,  who  may  read  this  review,  should  be 
informed  that  he  is  in  no  way  responsible  for  any  of  the  opin- 
ions expressed  by  Mr.  Marcou. 

Geological  observations  made  by  rail-road  or  steamboat  travel 
being  necessarily  disconnected,  Mr.  Marcou's  remarks,  in  the  paper 
under  review,  so  far  as  based  upon  personal  examinations,  relate  to 
few  isolated  points  along  the  shores  of  that  part  of  the  Missouri  riv- 
er ascended  oy  him,  and  lying  between  St.  Joseph,  Missouri,  and 
Sioux  City,  Iowa.  By  a  glance  at  a  map  of  the  West,  it  will  be 
seen  that  the  distance  between  these  two  points,  by  an  air  line,  is 
about  two  hundred  miles;  and  that  this  part  of  the  river  forms 
the  eastern  boundary  line  of  the  new  Territory  of  Nebraska,  con- 
sisting of  a  portion  of  the  southeast  corner  of  a  vast  area  for- 
merly known  by  the  general  name  of  Nebraska  Territory. 

The  first  points  at  which  Mr.  Marcou  seems  to  have  touched, 
after  taking  steamboat  at  St.  Joseph,  were  near  Savannah,  and 
in  the  vicinity  of  Iowa-point,  where  he  saw  outcrops  of  rock 
some  sixty  feet  in  thickness,  consisting  of  bluish-gray  clays,  with 
intercalated  layers  of  gray  limestone,  all  showing  a  slight  inclina- 
tion of  3®  or  4®  in  a  W.^N.W.  direction.  He  says  that  he  made 
no  collections  here,  but  that  he  saw  Produclus  and  Terebraiula, 
showing  it  to  be  Carboniferous.  (To  this  formation  it  had  been 
referred  by  all  others.)' 

'  Une  recnnnoissance  greologique  da  Nebraska ;  par  M.  Jules  Morcoo.  Bulletin 
GaoL  Soc.  France;  zxi,  182-147,  January,  1864. 

*  It  is  worthy  of  note  here  that  Dr.  Owen  collected  at  thin  locality  species  which 
he  referred  to  NanHlta  tubereulatus,  Produetm  Cora,  Spirifer  fasciger,  TWebreUida 
plano-tulcata,  and  OrthU  Umbraeulwn.  (Report  fowa,  Wiscon.,  and  Minn.,  185.)   The 

Am.  Joub.  Soi.— SftooND  Sbbibs,  Vol.  XXXIX,  No.  116.~Maboh,  1865. 
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At  another  locality  farther  up  the  river,  in  the  region  of  Ne- 
braska City,  he  saw  various  exposures  of  rock,  from  which  he 
constructed  a  section  embracing  some  seventy  feet  of  strata,  con- 
sisting of  reddish,  gray,  greenish  and  blacK  clays,  with  a  six 
inch  seam  of  cannel-coal,  and  intercalated  layers  of  light-colored 
dolomitic  limestone,  and  toward  the  top  a  thin  bed  of  sandstone 
containing  numerous  fragments  of  plants,  some  of  which  he 
thought  like  ZamiiesViXi^  Walchia;^  the  whole,  according  to  him, 
showing  a  general  inclination  of  only  5®  to  7®  to  the  l^^.N^W. 
These  beds,  he  says,  agree  in  color  and  other  lithological  charac- 
ters with  the  Lower  Trias  of  France,  {Dyas  of  him,)  to  which  hori- 
zon he  refers  them,  and  differ  from  the  subjacent  Carboniferous 
strata  upon  which  they  repose,  according  to  him,  unconformably, 
(sur  lequel  elles  reposent  en  discordance  do  stratification).  He 
does  not,  however,  state  that  he  anywhere  saw  the  junction  of  these 
supposed  two  systems  of  strata,  nor  does  he  explain  exactly  the 
nature  of  the  discordance  of  stratification.  But  we  infer  that 
he  alludes  to  the  fact  of  the  Carboniferous  beds  showing  at  one 

{)lace  a  slight  inclination  of  8**  to  4**  to  the  W.N.W. ;  and  simi- 
arly  slight  inclination  of  the  so-called  "  Dyassic"  rocks,  of  5**  to 
7**  to  the  N.N.W.,  at  another. 

Geologists  familiar  with  the  numerous  \og6\  undulations  of 
strata  in  the  west,  v/here  they  oflen  lie  so  nearly  horizontal  that 
their  general  inclination  can  only  be  distinguished  from  these 
local  undulations  by  careful  observations  over  considerable  areas^ 
will  know  how  to  appreciate  such  evidence  as  this.  The  im- 
probability too  (though  within  the  range  of  possibilities)  of  a 
newer  rock  dipping  at  a  higher  angle  than  that  upon  which  it 
reposes,  and  in  a  different  direction,  when  the  inferior  rock  is  so 
nearly  in  its  original  horizontal  position,  will  be  apparent. 

But  from  these  rocks  Mr.  Marcou  collected  a  number  of  fossils, 
which  should  clear  up  all  doubts  in  regard  to  their  age.  These 
consist  of  the  following  forms,  as  identified  by  him,  viz: — Nau- 
tilus^ Pleurotomaria,  Murchisonia^  Btlleropbon^  Panopoea,  Edmondia, 
AviculOf  Monotis,  Ancella,  Myalina,  Bakevellia,  Pecten,  LimOy  Or* 
ihis^  Productus  Prattenianus,  ProductuSj  (undt.)  ;  Ckoneies  mvcro- 
naia^  Spirifer  (Mariim'a)  Clannyanus^  Spirifer  (undt.),  Terebratida 

theW  h«  always  referred  to  Spirifer  foMeiger,  is  now  well  known  to  be  S.  eameratnt 
Morton,  and  that  which  he  called  ProdiictuM  Cora,  is  the  P.  agmeottaiui  Shumard, 
two  of  the  most  common  and  characteristic  species  of  our  Western  Coal-measnrea^ 

The  species  of  so-called  Terehratula,  mentioned  by  Mr.  Marcou,  b  most  probably 
Athyri*  (or  Spirigera)  tubtiiita  Hall,  as  iliat  shell  is  known  to  ocmir  there,  and  at 
Aeariy  aU  other  places  in  the  same  rock,  wliile  Mr.  Marcou  habitually  calls  it  T.  tub* 
tiliia. 

*  It  should  be  remeroberod  that  these  identifications  are  not  giren  on  the  author- 
ity of  Prof.  Capellini,  wliose  opinion  on  sudi  a  qnesti<»n  would  have  been  worthy  of 
consideration.  I  am  also  gratified  to  see  that,  since  this  gentleman's  return  to  Eu- 
rope, he  lias  published  a  work  at  Bologna,  in  which  he  says  that  he  diifsents  from 
-Mr.  Marcou  in  regard  to  the  age  of  the  rocks  at  this  locality,  and  thinks  that  the 
fossils  lie  saw  are  more  like  C^boniferous  forms. 
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Bear  T.  syhtilita^  some  small  Corals,  or  Brjozoa,  an  Apiocrinus^ 
and  a  Grinoid  near  Encrinus  moniU/ormis. 

That  Mr.  Marcou  may  have  collected  or  seen,  at  Nebraska  City, 
specimens  he  honestly  believes  to  belong  to  all  the  genera  and  spe- 
cies mentioned  by  him,  and  that,  he  did  find  some  of  these  forms 
there,  the  writer  is  fully  prepared  to  understand  from  a  care* 
fal  personal  study  of  the  same  beds  and  their  characteristic 
fossils  at  numerous  localities  in  Kansas  and  Nebraska,  as  well 
as  from  familiarity  with  collections  from  that  and  other  localities 
in  the  immediate  vicinity.  For  instance,  he  knows  that  C'ho- 
netes  mucronata  Meek  and  Hayden,  Productus  Pratlenianus  Nor- 
wood, Spirigera  subtilita  Hall,  Spirifsr  {Marlinia)  planoconvexus 
Shumard,  Sptri/er  cameralus  Morion,  ifyalina  perattenxiaia^  Pleu- 
rophoiiis  occidmlalis  and  Sedgwickial  concava  M.  &  H.,*  together 
with  species  of  Aviculopecten,  and  one  of  those  forms  belonging  to 
the  same  group  as  the  so-called  Monotis  speluncaria  of  authors, 
(genus  Eumicroiis  Meek,)  occur  there.  Dr.  Owen  also  found  at  this 
locality  (called  Fort  Kearney  in  his  Eeport,  there  being  no  town 
there  at  the  time  of  his  visit),  in  the  highest  bed  of  limestone, 
Productus  coaiatus,  P.  Flemingii,  and  great  numbers  of  Fusulina 
cyUndrica.  The  shell  referred  by  Mr.  Marcou  to  Spiriftr  Clan* 
nyanus  is  beyond  any  reasonable  doubt  the  same  called  *S'  plano- 
convexus by  Dr.  Shumard,  since  it  is  known  to  occur  there  and 
at  numerous  other  localities  in  the  same  beds  and  far  below ; 
while  it  is  scarcely  distinguishable  from  S.  Clannyanus,  It  is,  how* 
ever,  quite  as  nearly  allied  to,  if  not  really  identical  with,  the 
well-known  Carboniferous  species  S.  Urii.  Indeed,  specimens  of 
this  shell  sent  to  Mr.  Bavidson  from  the  Coal-measures  of  Illi- 
nois (where  it  has  received  from  Mr.  McChesney  the  name  Am* 
boccelia  gemmula)  were  pronounced  by  him  undistinguishable 
from  British  specimens  of  S,  Uiii,  Good  wood-cuts  of  the  same 
shell,  from  Kansas,  sent  to  Mr.  Salter  of  London  for  comparison^ 
within  the  past  year,  were  also  referred  to  S.  Urii. 

Now  these  species,  that  is,  Fusulina  cylindrical  Cfionetes  mucrof 
nata^  Productus  Prattenianus^  Productus  costalus,  P,  Flemingij) 
Spirigera  subtilita^  Spirifer  planoconvexus  (or  Urii)^  and  Spirifer 
cameratus  are  the  most  common  and  characteristic  forms  of 
the  (Toal-measures  of  Kansas  and  Nebraska,  Northern  Missouri 
and  Western  Iowa,  ih  the  very  beds  which,  it  will  be  seen,  Mr. 
Marcou  refers  to  the  Subcarboniferous.  They  are  also  there 
found  in  the  Coal-measures  associated  with  species  of  l^auiilus^ 
BeUerophon,  Pleurotomaria,  Murchisonia,  Edmondia^  Aviculopec- 
teuy  Monotis^  (so-called),  and,  especially  in  Kansas,  Nebraska, 
and  northwestern  Missouri,  with  a  form  so  nearly  like  Panopeea 

*  In  <]«8cribing  tlie  latter  three  ppecien,  the  writer  and  Dr.  H.  thought  the  bed 
from  which  they  were  obtained  roig)it  be  Permian;  but  on  afterward  usccrtaininff 
that  these  sbelU  are  there  and  elsewhere  associated  with  numeroos  well  marked 
Coal-measure  forms,  they  were  satisfied  that  it  does  not  belong  to  the  Permian. 
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as  to  readily  deceive  more  skillful  paleontologists  than  Mr. 
Marcou  professes  to  be.* 

The  name  AnceUa^  in  Mr.  Marcou's  list  of  Nebraska  City  fos- 
sils, is  doubtless  a  mis-print  of  Aucella,  there  being  no  such  name 
as  Ancella  known  to  the  writer  in  Paleontology  or  recent  Zoology, 
As  some  authors  refer  such  forms  as  the  so-called  Monoiis  spelun- 
carta  to  Aucella,  it  is  probably  one  of  these,  which  are  common 
in  the  Coal-measures  and  Permian  rocks  of  Kansas  and  Ne- 
braska, to  which  he  alludes.  That  he  found  here  associated  with 
all  the  Carboniferous  fossils  known  to  occur  at  this  locality,  the 
Jurassic  genera  Aucella  (as  illustrated  and  defined  by  Count 
Keyserling)  and  Apiocrinites^  paleontologists  may  be  pardoned 
for  hesitating  to  admit 

In  regard  to  Encrinus^  the  writer  would  remark  that  he  has 
now  before  him  from  the  Coal-measure  outcrop  at  Bellevue, 
Nebraska,  (referred  to  the  Subcarboniferous  by  Mr.  Marcou,  as 
will  be  seen  farther  on,)  the  cup  of  a  Crinoid,  which  in  form 
and  the  arrangement  of  its  plates,  up  to  the  summit  of  the  first 
radials,  as  well  as  in  the  articulating  surfaces  for  the  reception 
of  the  succeeding  range  of  pieces,  seems  to  agree  exactly  with 
the  corresponding  parts  of  the  genus  Encrinus.  None  of  the 
other  parts,  excepting  as  detached  pieces,  have  ever  been  seen 
by  the  writer.  The  cup  of  the  same  or  a  closely  allied  species, 
beyond  all  doubt  the  same  genus,  occurs  in  the  Coal-measures  of 
Illinois;  and  separate  plates  of  the  same  are  not  uncommon 
through  nearly  all  the  Coal-measures  of 'Kansas  and  Nebraska. 
That  a  Crinoid  with  such  a  cup  may  be  expected  to  be  found 
nearly  related  to  Encrinus^  it  is  quite  reaft)naDle  to  suppose ;  but 
even  if  it  should  be  found  in  all  respects  undistinguishable  from 
that  genus,  would  it  therefore  be  philosophical  to  refer  these 
beds  at  Nebraska  City,  and  the  Coal-measures  of  Illinois  (placed 
by  Mr.  Marcou  in  the  Subcarboniferous)  with  their  great  num- 
bers of  Carboniferous  fossils,  in  the  Permian,  or  the  Dyas  as  he 
prefers  to  call  it  ?  If  not,  then  all  the  arguments  based  upon  the 
presence  of  this  Crinoid,  at  Nebraska  City,  fall  to  the  ground/ 

Mr.  Marcou  lays  great  stress  upon  the  fact  that  the  Crinoids 
found  by  him  at  Nebraska  City  differ  entirely  from  the  numer- 
ous American  Carboniferous  forms  hitherto  made  known.  He 
perhaps  forgets  that  nearly  all  our  Carboniferous  species,  yet  de- 
scribed or  illustrated,  have  come  from  the  Subcarboniferous  depos- 
its far  below  the  Coal-measures.  Some  species,  however,  are 
known  from  our  Coal-measures,  and  the  fragments  of  a  number  of 

*  The  tjpe  here  alluded  to  it  a  widely  gaping,  edentulous,  very  thin  shell,  trun- 
cated behind,  nnd,  when  well  |N«8erTed,  covered  with  minute  granules.  In  short,  it, 
is  the  type  of  a  new  genuaT related  to  Alloritma,  to  which  the  writer  has  applied  the 
name  Ghcnuftnya^  in  a  work  now  In  the  press.  The  typical  sp^es,^//ort<iiui/  Xmv- 
entoorthenM  Meek  and  Hayden,  occurs  in  the  Coal-measures  at  Leavenworth  City, 
Kansas,  and  others  range  much  higher  in  the  same  series. 

'  See  note  at  the  end  of  this  paper. 
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others  have  been  seen,  all  of  which  differ  widely  from  those 
known  from  the  great  Subcarboniferous  limestones  below  the 
horizon  of  the  Millstone  ^rit. 

The  next  locality  examined  by  Mr.  Marcou  is  at  the  village  of 
Plattesmouth,  some  fifty  miles  farther  up  the  Missouri  by  an  air* 
line.  Here  he  saw  another  exposure  of  rocks,  some  forty-five 
to  fifty  feet  in  thickness,  composed  of  grayish  and  dark  colored 
clays,  in  places  streaked  with  red,  together  .with  a  six-foot  stra* 
turn  of  vellowish  dolomitic  limestone;  all  of  which  he  says 
agree  lithologically  with  the  Lower  Trias  of  France  and  Ger- 
many— Permian  of  authors,  (=  Dyas  of  him\  to  which  horizon 
he  refers  them.  As  these  beds,  nowever,  aiffer  somewhat  in 
color  and  composition  from  those  seen  at  Nebraska  City,  he 
thinks  they  belong  to  another  and  lower  division  of  the  so-called 
Dyas,  which,  as  its  name  implies,  consists  of  two  divisions  in 
Europe,  and  consequently  must  be  expcetde  to  present  the  same 
feature  in  this  country. 

Here  too  he  collected  a  number  of  fossils,  which,  according  to 
him,  eminently  represent  a  Lower  New  Eed,  or  Dyassic,  Fauna^ 
though  he  at  the  same  time  admits  that  these  fossils  are  very  like 
Carboniferous  types.  But,  to  let  the  fossils  speak  for  themselves, 
through  Mr.  Marcou,  they  were  Chaneies  mucronata^  Productua 
Calhounianus^  Spirifer  Chnnyanus,  Terebratula  [Spirigera^  sub* 
tUitcL^  T,  Mormonii,  Spirifer  (undt.),  Fusulina  cylindrica,  together 
with  (from  an  upper  bed)  ifono/tp,  Avicula  andf  Fecten. 

We  may  also  add  that  Dr.  Owen  collected  here  from  these  beds 
specimens  he  referred  to  Fusulina  cylindrical  Froductus  semtreiiC'. 
ulaii:s,  F.  carbonariua^  F.  hngispinus,  Orthis  Umbraculumj  Spir- 
ifer  fasciger  (?),  Chonetea  semiovalis,  AUorisma  sulcata,  some  Coral^ 
and  a  small  undetermined  Spirifer.  (Report  Geol.,  Iowa,  Wise., 
and  Minn.,  133.) 

Now  Choneles  mucnmata  of  Meek  and  Hayden  was  found  in 
Kansas,  ranging  through .  a  great  thickness  of  Coal-measures, 
and  the  type  specimens  ypon  which  this  species  was  founded 
•were  <x)llected  at  Fort  Riley  nearly,  two  hunared  feet  below  the 
lowest  well  marked  Permian  beds.  This  was  the  highest  posi- 
tion at  which  they  met  with  this  fossil,  after  careful  examina- 
tions of  hundreds  of  exposures ;  and  at  this  place  it  w'as  found 
direcdy  associated  with  a  shark  tooth  which  Prof.  Leidy  at 
once  recognized  as  the  same  he  had  described  from  the  Coal- 
measures  of  the  Alleghany  Mountains,  Pennsylvania,  under 
the  name  Fetahdus  AUeghaniensts.  (See  Meek  &  Hayden's  p^er, 
Frqceed.  Acad.  ScL  Philad,  Jan.,  1859,  p.  17.) 

As  already  explained,  the  species  rererred  by  Mr.  Marcou  to 
Spirifer  Clannyanus  is  the  S.  ptano-convexus  Shumard,  which  was 
originally  described  from  this  very  locality.  Spirigera  subiilita 
all  know  to  be  a  common  characteristic  Goal-measure  species, 
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from  Western  Pennsylvaaia  to  the  Eocky  Mountains,  and  from 
Nebraska  and  New  Mexico.  Mr.  Marcou  figures  it  himself, 
under  the  name  Terebraiula  subtiliia^  in  his  Geology  of  North 
America^  even  as  a  Mountain  Limestone  species,  from  Utah  and 
New  Mexico.  His  so-called  Terebraiula  Mormonv\  is  a  Betzutj 
dedicated  by  him  to  the  Latter  Day  Saints,  from  the  fact  that 
he  first  found  it  at  their  Capital  City.  It  is  worthy  of  note, 
however,  that  he  figures  and  describes  it  as  a  Mountain  Lime- 
atone  species  in  tlie  work  just  mentioned.  So  it  would  seem 
this  little  shell,  in  migrating  eastward,  obtained  a  long  lease 
of  life,  since  it  here  turns  up,  according  to  the  same  authority, 
in  the  so-called  Dyas.  The  identity  of  the  fossil  is  not  questioned ; 
indeed  the  writer  and  Dr.  Hay  den  long  since  identified  it, 
ranging  through  a  great  thickness  of  Coal-measures  in  Kansas, 
and  northwestern  Missouri.  The  notable  point  is,  that  it  should 
be  in  Utah  a  Mountain  Limestone  species,  and  here  at  Plattes- 
mouth,  part  of  an  eminently  characteristic  Lower  Triassic  Fauna  1 

The  Productus  Oalliouniamis  of  Swallow,  mentioned  by  Mr. 
Marcou,  is  the  same  referred  by  Dr.  Owen  to  P.  semireiiculalus^ 
from  which,  if  separable  at  all,  it  is  certainly  with  difficulty  dis- 
tinguished. Whether  distinct  or  not,  however,  it  is  known,  as 
stated  by  Prof.  Swallow  in  describing  it,  to  range  far  down 
thi^ugh  all  those  very  Coal-measures  in  Kansas  and  Missouri 
which  Mr.  Marcou  refers  to  the  Mountain  Limestone.  The  geo* 
logical  position  of  FusuUna  cylindrical  in  this  country  has  already 
been  explained.  Productus  longispinus,  P.  carbonaria  and  Orthis 
Umbraculumy  or  at  any  rate  species  so  referred  by  Dr.  Owen,  and 
sometimes  by  others,  are  common  to  the  Coal-measures  and  the 
Subearboniferous  beds  in  the  West.  The  species  always  called 
Spiriferfascigert  by  Dr.  Owen,  as  explained  in  another  place,  is 
/S  cameratus  Morton ; — the  very  specimen  of  it  figured  by  Owen 
was  from  the  Plattesmouth  locality.  It  is  known  to  be  every- 
where characteristic  of  the  Coal-measures,  from  New  Mexico  to 
Nebraska,  and  from  Western  Pennsylvania'  to  the  Bocky  Moun- 
tains. 

The  group  of  shells  to  which  the  name  Monotis  is  often  ap- 
plied in  this  country  and  England,  and  by  some  continental 
writers,  (though  generically  distinct  from  the  Triassic  Monotis 
salinarius,  the  type  of  Monotis  Bronn,)  is  usually  regarded  in 
Europe  as  a  Permian  type.  It  is  well  known,  however,  to 
range  through  a  great  thickness  of  upper  Coal-measures  in 
Kansas  and  Northwestern  Missouri,  referred  by  Mr.  Marcou  to 
the  Subcarboniferous.  The  names  Avtcula  and  Pecten  are  used 
so  loosely  by  paleontologists,  that  they  may  be  said,  as  generidly 
understood,  to  range  from  the  Silurian  to  our  existing  seas. 

Now,  how  any  geologist,  having  even  a  limited  knowledge  of 
American  CarbonSerous  rocks  and  fossils,  could  regard  a  group 
^  See  Prof.  Rogers'  Report  Pa.,  ii,  888,  ^.  694. 
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of  forms  such  as  those  mentioned  above  from  Plattesmouth,  as 
eminently  a  Lower  Triassic  (or  Dyassic)  fauna,  seems  inconceiv- 
able, excepting  upon  the  supposition  that  he  labors  under  some 
kind  of  a  hard  mental  twist  or  bias  on  the  subject  of  determin- 
ing the  age  of  rocks  by  their  lithological  characters. 
After  disposing  of  the  so-called  Lower  Dyassic  rocks  at  Plattes- 
mouth, Mr.  Marcou  takes  boat  again,  and  ascends  £he  Missouri 
some  fifteen  or  more  miles  to  Bellevue,  north  of  the  broad  allu- 
vial valley  of  Platte  river.  Here  he  saw  a  small  exposure  of 
rocks,  some  fifteen  feet  in  height  above  the  river,  composed  of 
whitish  and  yellowish  limestone,  and  pale  blue  clays,  altogether 
presenting  difierent  lithological  characters  from  the  outcrops 
seen  below  the  Platte,  and  according  to  this  favorite  test  of  his, 
belonging  to  a  very  diflferent  epoch,  or  in  other  words  to  the 
Subcarboniferous. 

Here  he  collected  from  the  limestones,  according  to  his  identifi- 
cations, the  following  fossils,  viz : — Productus  Fkmtngii]  P,  semi- 
reiiculaius^  P,  Cora^  P,  punctaius^  P,  scabriculvsy  P.  pusiulosus,  P. 
pyxidtformis^  Spirifer  striatus^  var.  triplicatus  Hall,  S,  Rocky-Mon* 
tanus^  &  UneatiiSj  Terebralula  suhtilita^  71  plano-sulcaUf^  T.  Boyssii^ 
T.  Utah^  Myalina^  Nautilus,  and  spines  of  Archtxocidaris. 

It  may  be  as  well  to  add  just  l*re,  that  Dr.  Owen  gives  the 
following  list  of  fossils  collected  by  him  at  this  locanty,  viz : 
FusuUna  cyUndrica,  Productus  punctatus,  P.  Cora,  P.  costatusf,  P, 
Flemingiiy  P.  Ilumbcildtiif,  Spirifer* fasdgert,  Cht/its  Umhraculum^ 
Terebralula  piano-sulcaXa,  and  a  Bellerophon  near  B,  htulcus,  (Rept. 
Iowa,  Wise.,  and  Minn.,  p.  183). 

From  the  same  outcrop,  the  writer  has  now  before  him  (col- 
lected by  Dr.  Hayden)  Productus  costatus,  or  a  common  form  of 
the  western  Coal-measures  generally  referred  to  that  species.  Pro* 
ductus  Bogersiij  together  with  the  Coal-measure  form  usually  called 
Prodacius  punctaius^  Spirigera  sublilita,  Rhynchonella  Utah  (=  75rre- 
bratula  Marcou),  Terebralula  bovidens  Morton,  (=  T,  miUipunC" 
lata  Hall),  Spirifer  Kenluckensis,  S.  cameratus,  an  Allorisma,  and 
the  peculiar  EncrinusA'ike  Crinoid  already  mentioned. 

As  has  been  explained  in  another  place,  the  shells  from  these 
rocks,  referred  by  Owen  and  Mr.  Marcou  to  Productus  semirelicu- 
lotus  and  P,  Cbra^  are  the  P.  Chlhounianus  Swallow,  and  P.  cequi* 
costatus  Shumard;  and,  whether  distinct  or  not  from  the  species 
first  named,  they  are  very  common  in  our  Western  Coal-meas- 
ures. P,  punctatus  of  their  lists  is  P,  tubulospinus  of  McChesney ; 
which  is  scarcely  distinguishable  from  the  punctatus.  At  any 
rate,  it  is,  as  remarked  by  McChesney,  very  common  in  the  Coal- 
measures  "throughout  the  Western  States."  The  same  shell 
also  occurs  in  the  same  position  twenty -eight  miles  below  Wheel- 
ing, in  Ohio.  P.  scabrictdus  of  Marcou's  list  is,  beyond  reason- 
able doubt,  the  widely  distributed  Coal-measure  species,  P.  Bog' 
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ersti  of  Norwood  and  Pratten,  as  it  is  known  to  occur  there,  and 
is  figured  by  Mr.  Marcou  under  the  name  P.  scabrieulus^  in  his 
N,  Am.  Oeology.  P,  pustuhsus  of  his  list,  judging  from  the  fig- 
ure formerly  given  by  him  under  that  name,  may  be  a  variety' 
of  the  Bogersii  Spirifer  striaius,  var.  triplicatus  Hall,  (=  S.  fas- 
eiger  of  Owen's  list),  is  S,  cameraius  Morton,  everywhere  common 
in  the  Coal-measures,  and  unknown  from  any  lower  position. 
S.  Rocky- MonUinus  Marcou,  is  unknown  to  the  writer  from  any 
locality  east  of  the  Black  Hills.  S.  lineatus  of  Marcou's  list  is 
undoubtedly  the  same  shell  called  S.perplexa  by  McChesney. 
{Trans,  Chicago  Acad.^  1).  It  is  common  in  the  upper  Coal- 
measures  of  the  West,  being,  as  McChesney  correctly  states, 
found  "  in  the  Upper  Coal-measures,  in  almost  every  part  of  the 
countrv  where  rocks  of  that  age  exist."  It  seems  to  differ  from 
the  Subcarboniferous  species  generally  referred  to  Zinea^u^  mainly 
in  being  uniformly  smaller.  Terebratuhi  plano-sulcata  of  Owen^s 
and  Marcou's  lists  is  almost  beyond  doubt  the  Athyris  orbicula- 
ris of  McChesney ;  at  any  rate,  that  is  the  species  figured  by  Mr. 
Marcou  in  his  Jyorth  American  Oeology  under  the  name  TerArat- 
via  plano'sulcata  Phillips.  It  may  or  may  not  be  identical  with 
Phillips'  species ;  but,  as  McChesney  correctly  states,  it  occurs  in 
"  the  Coal-measures,  partictfttrly  the  upper  portion,  extensively 
distributed  in  the  West."  Terebratula  Royssii  is  doubtless  the 
Spirigera  generally  referred  to  that  species  in  the  West,  but  de- 
scribed by  McChesney  as  Athyris  dtfferentis.  Whether  identical 
or  not  with  the  S.  Royssii  it  is  a  common  Upper  Coal-measure 
form,  as  remarked  by  McChesney.  Terebratula  Utah  of  Marcou  is 
a  Rhvnclionella^  and,  as  long  since  shown  by  the  writer  and  Dr. 
Hayden,  is  a  con\mon  companion  of  the  Retzia  Mormonii,  through 
all  the  Upper  Coal-measures  of  Kansas  and  Northwestern  Mis- 
souri. Orl/iis  Umbraculum,  more  properly  Streptorhynchus  Umbra- 
euZum,  or  at  least  the  shell  figured  under  that  name  by  Owen,  is 
very  common  in  the  Coal-measures  of  Kansas,  and  ranges  up 
to,  if  not  into,  the  Permian. 

Terebratula  boindens  Morton  (=  T  millepunctata  Hall)  first  de- 
scribed from  the  Coal-measures  of  Ohio,  is  a  very  common  spe- 
cies in  rocks  of  that  age  in  the  West,  and  unknown  in  any  lower 
position.  The  same  may  also  be  said  of  Spiri/erina  Keniuchensis 
Shumard. 

So  we  have  here  a  group  of  fossils  which  any  geologist,  or 
mere  amateur  collector,  acquainted  with  the  forms  characterizing 
our  Carboniferous  and  Subcarboniferous  rocks  of  the  Mississippi 
valley,  would  at  once,  and  without  a  moment's  hesitation  or 
doubt,  refer  to  the  Coal-measures.  Some  few  of  them  are  such  as 
appear  to  be  common  to  the  Coal-measures  and  Subcarboniferous 
rocks,  or  are  supposed  to  be,  but  all  the  others  are  wholly  un- 
known below  the  horizon  of  the  Millstone  grit 
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Again,  it  should  be  remembered  that^  of  the  foregoing  lists, 
JF\iSidi}ia  cylindrical  the  EncrinusAiikei  Crinoid,  Spirigera  subiilita^ 
Produdus  semireticulatusy  (or  Calhouniantis),  Producius  costatus^ 
P.  Flemtngii,  (=  longispinus)^  Spirifer  cameratus,  and  Orthis  Urn- 
braciUum,  all  likewise  occur  at  the  very  localities,  and  in  the 
yery  beds,  referred  by  Mr.  Marcou  to  the  so-called  Upper  and 
Lower  Dyas.  It  may  also  be  added  that,  in  the  interior  pf  Kan- 
sas, as  well  as  at  some  places  in  Nebraska  and  Iowa,  all  the  other 
Bellevue  species  occur  in  the  very  beds  called  Lower  Dyas  at 
Plattesmouth,  and  some  of  them,  particularly  in  Kansas,  in 
much  higher  positions. 

In  short,  all  the  rocks  seen  by  Mr.  Marcou  on  the  Missouri, 
froi%St.  Joseph  to  the  Cretaceous  above  Bellevue,  belong  to  one 
unbroken  senes  of  Upper  Coal-measures,  as  was  first  shown  by 
Prof.  Swallow;  with  possibly  the  exception  of  some  of  the  high- 
est out-crops  near  Nebraska  City,  where  there  is  a  downward  un- 
dulation, tuat  may  have  left  portions  of  the  Permian  on  the 
higher  parts  of  the  country.  The  few  little  isolated  sections 
seen  by  him  constitute  but  a  mere  fractional  portion  of  this, 
series;  while  his  reference  of  these  several  outcrops  to  such 
widely  different  epochs,  and  his  supposition  that  the  beds  he  calls 
Mountain  Limestone,  form  island-like  masses,  between  those  he 
refers  to  the  Permian  or  so-called  Dyas,  were  deposited  uncon- 
formably,  however  honestly  believed  by  him,  may  be  all  set  down 
as  purely  imaginary.  If  he  had  gone  out  into  the  interior,  where 
this  senes  is  much  more  extensively  developed,, and  followed 
carefully  up  the  smaller  streams,  he  would  have  seen  exactly  the 
same  beds  he  at  one  place  calls  Subcarboniferous,  and  at  oth- 
ers Upper  and  Lower  Dyas,  with  intermediate  strata,  all  follow- 
ing each  other  in  regular  succession  without  the  slightest  phy- 
si^  or  paleontological  break.  He  might  there  also,  by  the 
same  method  of  examining  isolated  sections,  and  applying 
the  same  lithological  tests,  and  loose  interpretation  of  fossil  evi- 
dence,  have  found  material  enough  to  divide  the  so-called  Dyas 
into  twenty,  or  as  many  more,  subdivisions  as  he  pleased. 

In  1859,  the  writer  and  Dr.  Hayden,  who  were  directly  inter- 
ested in  the  Permian  discovery,  and  naturally  desired,  and  confi- 
dently expected,  to  find  somewhere  a  break  between  the  Ptfrmian 
and  Carboniferous  rocks  of  that  region,  spent  more  than  a  month 
in  traversing  hundreds  of  miles  of  the  districts  in  Kansas  where 
these  rocks  are  best  developed.  They  did  not  hurry  from  point 
to  point,  but  followed  up  the  valleys  of  the  streams  on  horse- 
back, with  a  camping  party,  provided  with  a  wagon  and  team 
for  the  transportation  of  supplies,  specimens,  &c.  Yet,  after  care- 
fully examinmg  the  various  beds  and  seams,  inch  by  inch,  collect- 
ing all  the  fossils  they  could  find,  and  carefully  keeping  separate 
those  firom  the  different  strata  and  seams,  they  completely  satisfied 
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themselves  that  there  is  no  where  in  the  whole  series  any  break 
indicating  a  marlced  change  of  phyMcal  conditions.  They  found, 
it  is  true,  alternations  of  clays,  limestones,  shales,  sandstones,  &a, 
but  all  resting  conformably  one  upon  another,  and  inseparably 
linked  together  by  their  organic  remains.  Starting  from  Leaven- 
worth City  on  the  Missouri,  where  the  same  Coal-measure  rocks 
which  Mr.  Marcou  will  insist  belong,  in  Iowa,  Missouri  and  Illi- 
nois, to  the  Mountain  Limestone,  occur  characterized  by  such 
fossils  as  Fusultna  cylindricay  Spirifer  cameratiiSj  S.  piano-con- 
vexuSj  (=  ClannyanuSf  of  Mr.  Marcou^s  lists),  Productus  costalus^ 
P.  semireliculatuSy  P.  punctatusj  P.  cequicostatuSy  (or  at  any  rate 
the  forms  usually  so-called  in  the  West),  P.  BogeraUj  Spirigera 
svbiilitay  Terehratula  hovidens,  Retzia  Mormomi,  Rhynchonella  lilak^ 
&c.,  (but  even  here  also  contiiining  a  species  belonging  to  the 
same  genus,  and  near  the  so-called  Monotis  $ptluncaria\ — they 
continued  their  researches  through  the  succeeding  strata  to  the 
Permian  in  the  interior.  Through  a  great  thickness  of  these 
rocks,  they  found  the  Coal- measure  fossils  persistent  and  abund- 
ant, but  occasionally  jasociated  with  a  rermidn  type.*  The 
higher  they  ascended  in  the  series,  the  greater  was  the  propor- 
tion of  Permian  types  observed,  while  the  Carboniferous  types 
gradually  disappeared,  until  at  last,  above  a  certain  horizon,  and 
near  the  upper  part  of  the  series,  only  Permian  forms  were  met 
with,  with  the  exception  of  the  ubiquitous  Spirigera  subUUta,  or 
a  shell  that  could  not  be  distinguished  from  it.  (See  this  Jour- 
nal, [2],  xxvii,  424,  1859;  Proceed.  Acad.  Nat  Set.  Philad,,  Jan. 
1859,  p.  8 ;  Dr.  Newberry^s  Rept.  Oeolj  Ives^  Colorado  JExped.^  p. 
112,  &c.) 

One  of  the  most  remarkable  opinions,  however,  set  forth  in 
the  paper  under  review,  respecting  these  rocks  is,  that  all  the 
Coal-measures  of  Northern  Missouri,  and  of  Iowa  and  Illinois, 
belong,  not  as  supposed  by  all  others,  to  the  horizon  of  the  true 
Coal-measures  of  Europe,  but  to  the  Mountain  Limestone  series. 
He  also  thinks  that  possibly  the  Coal-measures  of  Indiana,  Ohio 
and  Michigan,  and  a  part  of  those  of  Pennsylvania,  Virginia  and 
Kentucky,  may  belong  to  this  lower  horizon. 

That  beds  of  coal  occur  in  the  lower  part  of  the  Millstone 
grit  in  Pennsylvania,  Western  Virginia,  portions  of  Ket^tucky, 
Tennessee  and  Arkansas,  precisely  as  in  England  (see  a  paper  by 
Messrs.  Hull  &  Green,  Quart.  Jour.  Geol  Soc.^  Lond.,  Mar.,  1864, 
p.  246) — while  in  the  western  part  of  Arkansas  a  great  thick- 
ness of  shale,  sandstone,  &c.,  above  the  conglomerate,  is  believed 

*  A  considerable  thicknets  of  these  intermediato  rocks  were  included  bj  ProC 
Swallow  in  the  Permian.  The  writer  and  Dr.  Hayden,  although  satisfied  that  this 
intermediate  series  was  not  separable  by  any  visible  break  from  the  Carboniferous 
below,  or  the  Permian  aboTt,  thought  that  it  might  be  con?enient  to  designate  it  as 
Permo^Carboniferona. 
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to  be  barren  of  coal — are  well  known  facts.  But  to  maintain 
that  the  Coal-measares  of  Northern  Miasonri,  Iowa  and  Illinois 
belong  to  this  or  any  lower  horizon,  to  say  nothing  of  those  of 
the  other  States  mentioned,  beneath  which  the  Millstone  grit  is 
8o  well  developed,  is  to  state  a  proposition  the  fallacy  of  which 
is  manifest  to  all  who  haye  studied  these  rocks  with  even  a  mod* 
^*ate  degree  of  care.  In  the  first  place,  the  whole  physical 
structure  of  our  Garboniferous  system,  and  its  relations  to  the 
Devonian  below,  and  the  Permian  above,  show  at  once  that  the 
Coal-measures  of  the  Mississippi  valley  occupy  precisely  the 
same  horizon  as  those  of  Europe.  Here,  as  there,  we  have  first, 
above  the  Devonian,  the  Subcarboniferous  or  Mountain  Lime- 
stODO  group ;  then  the  Millstoue  grit,  and  above  the  latter  the 
regular  Coal-measures,  which  in  Kansas,  shade  gradually  upward 
into  the  Permian.  The  existence  of  the  extensively  developed 
regular  Coal-measures  above  the  Millstone  grit  in  Pennsylva- 
nia, Western  Virginia,  Ohio,  Kentucky,  Tennessee,  Indiana,  and 
Southern  Illinois,  are  facts  so  well  known  as  scarcely  to  need 
mentioning  here.  It  is  true  that  the  Millstone  grit,  which  is  found 
from  four  to  five  hundred  feet  in  thickness  oeneath  the  Coal- 
measures  of  Southern  Illinois,*  thins  out  in  a  north-westerly  di- 
rection, so  that,  tietrther  north  in  Illinois,  in  Iowa  and  Missouri, 
the  Coal-measures  are  found  reposing  directly  upon  the  Sub- 
carboniferous  rocks.  If  we  take  this  as  an  evidence,  however, 
that  the  Coal-measures  there  belong  to  the  Mountain  Xiimestone 
series,  we  might  upon  the  same  principles  argue  that  at  other 
places  in  these  states  the  coatbearing  strata  belong  to. the  De- 
vonian, or  even  to  the  lower  part  of  the  Lower  Silurian;  for 
it  is  well  known  that,  at  some  lc<»lities  there^  all  the  intermediate 
rocks  are  wanting,  and  the  Coal-measures  are  found  in  direct 
contact  with  these  older  rocks. 

If  we  had  no  stratigraphical  evidence,  however,  in  regard  to 
the  parallelism  of  our  Coal-measures  with  those  of  Europe,  their 
flora  alone  would  be  sufficient  to  settle  this  question.  Lesquer- 
eux,  who  was  especially  commissioned  to  study  the  fossil  plants 
of  the  Coal-measures  m  connection  with  the  State  surveys  of 
most  of  the  Western  States,  containing  Upper  Carboni&rous 
rocks,  including  Illinois,  says,  'Mf  we  admit  the  generic  distribu- 
tion of  the  fossil  plants  of  the  .coal,  as  it  has  been  established  by 
Brongnimrt  in  his  Tableau  des  Genres  (certainly  the  best  that  has 
been  attempted,  either  before  or  after  him),  all  the  Europeai;i 
genera,  jeven  the  undefined  genus  Aphldna  Stemb.,  have  repre- 

'  Mr.  H.  Eogelmann,  ao  ftadstaot  m  the  lUinois  State  Geographical  Survey,  gi^ea 
ita  thickoem  ia  the  southern  part  of  that  State  at  fire  hundred  feet,  and  gives  a 
aeodoo  thoming  it  to  rest  upon  the  upper  Archimedes  Limestone  group,  everywhere 
jsagarded  as  tlie  ofi^r  .memer  of  the  Subcarboniferous  or  Mountain  Limestone 
aeries.    (Tiwu,  Jmd.  8eL,  SL  LovU,  Not.  1862,  p.  188.) 
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Bentative  species  in  the  Coal-fields  of  America.""  He  also  sbowf 
by  tables  in  the  same  article,  that  out  of  a  list  of  about  860  known 
species  of  our  Coal-measure  plants,  150,  or  approaching  one-hal^ 
are  identical  with  European  Coal-measure  species.  Dr.  J.  S.  New- 
berry, an  equally  good  authority  in  this  department  of  paleon- 
tology, had  previously  arrived  at  very  nearly  the  same  conclu- 
sion, from  a  careful  study  of  the  Carboniferous  flora  of  Ohio  and 
some  of  the  neighboring  states." 

In  regard  to  the  identity  of  the  Coal-measures  of  Illinois, 
with  the  regular  Coal-measures  (overlying  the  Millstone  grit) 
of  Ohio,  Pennsylvania,  Kentucky,  and  other  neighboring  states, 
it  is  only  necessary  to  again  quote  Lesquereux,  who  has  given 
especial  attention  to  tracing  out  the  parallelism  of  the  subordi- 
nate beds  at  distantly  separated  localities  in  the  coal  fields  of  the 
Middle  and  Western  States.     On  this  point  he  says,  (this  Jour., 

J 2],  XXX,  367,)  "  Such  is,  nevertheless,  the  uniformity  of  the 
iistribution  of  the  strata  of  our  ooal-basins,  that  a  section  made 
in  Western  Illinois  or  Western  Kentucky,  or  in  any  part  of  the 
coal-fields  in  these  States,  will  prove  comparatively  similar  (that 
is  with  some  differences  in  the  thickness  of  the  strata,)  to  any 
section  made  in  the  coal-fields  of  Pennsylvania  or  Ohio."   Now 

"  ThU  Journal,  [«],  xxx,  W. 

"  The  fauna  of  our  Coal-measores  has  net  been  oompared  with  that  of  the  equiv- 
alent rocks  of  Europe,  in  the  same  detail  as  its  flora,  indeed.  Judging  from  the  jpub- 
lications  on  the  Mollusks,  and  other  invertebrate  remains  of  the  European  Coal- 
measures,  our  rocks  of  this  age,  particularly  tlie  upper  members  in  the  West,  are 
iar  richer  in  animal  remains  than  those  of  the  Old  World.  Another  fact  that  gives 
to  our  Coal-measure  fiauna  a  more  Subcarboniferoos  aspect  is,  that  during  the  deposi- 
tion of  these  rocks  in  this  country  the  sea  seems  to  have  much  more  frequently  re- 
occupied  the  area  of  these  formatKms  than  in  the  Old  World.  For,  whatever  theory 
me  adopt  in  regard  to  the  formation  of  coal,  to  meet  all  the  requirements  of  the 
phenomena  here  presented,  we  most  admit  tbe  frequent  presence  of  the  sea,  since 
we  find  Corab,  Brachiopods,  Crinoids,  martne  types  of  Gasteropods,  AoephaU,  Ao^ 
occurring  through  hundreds  of  feet  of  Coal-measure  rocks  in  the  West  Indeed, 
during  more  than  twenty  yeari'  lamiliarity  wi&  the  fossils  of  the  Western  Coal- 
measures,  the  writer  has  never  met  with  any  fresh  or  brackish-water  types  or  terres- 
trial remains,  other  than  plants.  The  presence  of  these  marine  remains  is  not  the 
exception,  but  the  rule,  particularly  in  the  upper  and  middle  members  of  the  west- 
em  Coal-measures ;  they  are  found  over  wide  areas,  and  through  great  thicknesses 
of  strata,  and  in  a  profusion  and  state  of  preservation  that  precludes  the  possibility 
of  accounting  for  their  presence  by  the  supposition  that  they  were  transported  there 
by  currents  or  earthquake  waves.  They  occur  not  only  in  the  limestones,  shales, 
sandstones,  <&c,  alternating  with  the  numerous  seams  and  beds  of  coal,  but  in  some 
;rare  instances  directly  in  Uie  cnal  itself.  The  writer  has  a  specimen  of  impure  coal 
tfrom  Illinois,  in  which  there  is  a  very  tiiin  Ameuhpeeten  entirelv  replaced  by  pyrites, 
which,  when  the  block  of  coal  was  first  broken  open,  presente<l  almost  the  bnUiaiicy 
of  burnished  ffold.  In  Ohio  also,  numerous  shark  teeth  and  entire  specimens  of 
other  marine  fishes  have  been  found  by  Dr.  Newberry  embedded  directly  in  cannel- 
coal.  (See  this  Journal,  [2],  xxiii,  212.)  Dr.  Newberry  also  found,  at  another  lo- 
cality in  Ohio,  specimens  ofSolemya  (a  marinn  shell),  ftittened  between  the  laminsB 
of  good  coal.  In  other  in$>taiRce9,'  beds  of  coal  are  known  to  shade  upward  into  a 
black,  more  or  less  richly  bituminous  mai^s,  containing  great  numbers  of  the  shells 
of  Brachiopoda,  the  delicate,  unl>roken  spines  of  which  can  be  seen  piercing  like 
needles  the  black  matrix. 
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this  conoIusioD,  it  should  be  remembered,  is  not  based  upon 
structure  alone,  or  other  lithological  characters,  but  also  upon  a 
careful  and  thoroughly  scientific  investigation  and  comparison  of 
Ihe  fossil  plants  clmracterizing  each  bed  or  subordinate  stratum. 

But  it  is  not  alone  upon  the  evidence  of  structure,  and  their 
ibssil  flora,  that  the  Illinois  Coal-measures  are  known  to  belong 
to  the  same  hori2X>n  as  the  regular  Coal-measures  of  Indiana, 
Kentucky,  Ohio,  Pennsylvania,  &c.,  for  we  have  also  the  unmis- 
takable evidence  of  its  group  of  animal  remains.  It  is  true,  as 
in  all  other  formations,  species  sometimes  occur  in  these  rocks  in 
one  State  that  do  not  in  another,  but  a  miscellaneous  collection 
of  shells,  Corals,  Crinoids,  Bryozoa,  &c.,  from  the  Coal-measures 
of  any  part  of  Illinois,  would  be  at  once  referred  to  that  horizon 
by  any  person  familiar  with  the  forms  characterizing  rocks  of 
the  same  age  in  any  of  the  States  above  mentioned.  Long  lists 
of  species  might  be  cited  to  illustrate  this  point,  but  it  is  wholly 
tmnecessary;  we  may  remark,  however,  that  Pleuroiamaria 
tph€BruUUa^  P.  tahulatay  Euomphalus  catilbideSj  and  Macrocheilus 
primiffeniuSj  of  Conrad,  which  are  among  the  most  characteris- 
tic fossils  of  the  Coal- idfcasu res,  not  only  in  Illinois,  but  in  Iowa, 
Missouri,  and  in  part  in  Kansas,  were  first  described  by  Mr. 
Conrad  from  the  regular  Coal-measures  of  Western  Pennsylvania. 

In  relation  to  the  Coal-measures  of  Illinois  belonging  to  the 
same  horizon  as  those  of  Missouri  and  Iowa,  it  is  scarcely  neces- 
sary to  say  anything,  as  all  in  this  country  who  have  given  any 
attention  to  the  subject  know  this  to  be  the  case,  and  even  Mr. 
Marcou  admits  it.  Indeed,  we  have  the  clearest  evidence  that 
the  Illinois  Coal-field  was  once  continuous  with  that  of  Missouri 
and  Iowa,  from  which  it  is  only  separated  by  the  broad  valley  of 
denudation  scooped  out  by  the  Mississippi  river.  Following  the 
Missouri  and  Iowa  Coal-field  westwaro,  we  find  that  it  passes 
uninterraptedly  into  Kansas  and  the  southeast  corner  of  Nebraska 
— the  vallev  of  the  Missouri,  owing  to  the  northwestward  incli- 
nation of  the  strata,  not  going  deep  enough  to  cut  it  into  two 
distinct  fields. 

Throughout  all  this  area,  these  rocks  are  characterized  by  essen- 
tially the  same  fauna.  As  in  all  other  formations,  some  species 
are  local  in  their  geographical  range,  but  the  majority  are  not, 
and,  as  elsewhere  stated,  most  of  them  range  into  the  Coal-meas« 
ures  of  Kentucky,  Indiana,  Ohio,  and  some  even  into  Pennsyl- 
vania, while  comparatively  very  few  of  them  have  even  been 
suspected  of  being  identical  with  forms  occurring  in  any  lower 
position. 

As  much  of  the  evidence  relied  upon  in  this  review  in  dis- 
cussing the  relations  of  the  Western  Cfarboniferous  and  Permian 
rocks,  is  derived  from  the  presence  or  absence  of  certain  types 
of  Brachiopoda,  it  is  but  fair  that  we  should  not  dismiss  this  part 
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of  the  subject  without  letting  it  be  known  that  Mr.  Marcou  does 
not  admit  the  validity  of  the  testimony  of  this  class  of  Mollusk& 
His  remarks  on  this  point,  however,  are  so  extraordinary,  that, 
for  fear  of  being  suspected  of  having  done  him  an  injustice  ia 
the  translation,  they  are  here  given  in  his  own  words,  and  in  his 
own  language.  Tfiey  are  as  follows: — *' Je  suis  arriv^  k  la  con- 
viction qu'  apr^  les  foraminif^res,  les  brachiopodes  sont  les  plus 
mauvaises  fossiles  dont  on  puisse  se  servir  comme  fossiles  caract^r- 
istiques  des  formations,  et  qu'en  r^alit^  ils  ne  sont  meme  pas  da 
tout  les  Leitmuschel,  J'  ignore  ou  les  zoologistes  placent  les 
brachiopodes,  ou  meme  s'ils  sont  d'  accord  entre  eux  sur  la  plaoe 
S,  leur  assigner ;  mais  ces  sont  certainement  des  etres  tres-infe- 
rieurs  et  plus  bas  m^me  dans  la  s^rie  que  les  coraux,'si  j'en  juge 
du  moins  d'apr^  leur  utility  pour  la  geologic  pratique," 

This  is  certainly  very  hard  on  the  Brachiopoda;  it  was  bad 
enough  to  place  them  in  any  sense  of  the  word  below  the  Corals 
but  to  deny  them  the  right,  next  to  the  Foraminifera,  to  tes^ 
tify  in  regard  to  the  age  of  the  very  rocks  to  which  their  shells 
have  so  largely  contributed  is  still  worse.  Whatever  zoologists 
may  think  of  this  view  respecting  the  rtnk  of  the  Brachiopoda, 
they  will  certainlv  accord  to  it  the  merit  of  originality.  Creolo- 
^sts  and  paleontologists,  however,  are  not  likely  to  agree  with  him 
in  regard  to  the  value  of  this  class  of  MoUusks  as  a  means  of 
distinguishing  strata,  as  their  almost  united  testimony  goes  di- 
rectly to  the  contrary.  Various  quotations  might  be  made  to  show 
this ;  but  one  from  Mr.  Thos.  Davidson  of  Condon,  the  highest 
authority  on  the  Brachiopoda,  particularly  the  fossil  forms,  will 
be  sufficient  After  speating  of  their  almost  universal  distribu- 
tion ip  marine  strata,  he  says,  "  their  value  to  the  geologist  is 
consequently  very  great;  and,  as  they  so  commonly  fell  under 
his  hammer,  where  other  classes  are  often  but  spanngly  repre- 
sented, they  must,  therefore,  be  looked  upon  as  excellent  data  for 
the  age  of  deposits ;  for,  although  some  few  individual  forms 
pass  from  one  stage  to  another,  the  generality  are  limited  to  defi^ 
nite  horizons."" 

That  in  the  hands  of  one  who  first  makes  up  his  mind  in  re- 
gard to  the  age  of  a  formation  from  its  color  and  other  litholog- 
ical  characters,  and  then  sets  to  work  to  interpret  its  fossils  ac- 
cordingly, without  the  ability  or  inclination  to  discriminate  be- 
tween the  genera  TerAratuUiy  SpiHgera^  Betzia^  and  RJii/nchoneUa^ 
the  Brachiopoda  will  be  found  of  little  use,  and  their  testimony 
discordant,  is  quite  natural  to  suppose.  Under  other  circum- 
stances, however,  the  result  is  always  very  diiFerent.  Yet  after 
all,  the  Brachiopoda  have  less  reason  to  complain  of  Mr.  Mar- 
eou!s  practical,  than  of  his  theoretical  dealings  with  them,  for 

^  British  Foat.  Brack    QeoL  latroduciioo,  p,  1. 
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U  will  be  remembered  that,  so  far  as  he  relied  at  nil  upon  pa- 
leontological  evidence,  he  identifies  the  rocks  at  Bellevue,  with 
a  particular  formation  in  New  Mexico,  and  both  with  the  Moun- 
tain Limestone  of  Europe,  almost  soUlt/  upon  the  testimony  of 
certain  Brac/iiopoda. 

After  completing  his  researches  in  the  region  of  Bellevue, 
Mr.  Marcou  continued  his  progre^^s  up  the  Miss'ouri  to  examine 
-a  sandstone  formation  extending  along  that  stream  for  8ome  dis- 
tance below  Sioux  City,  located  at  the  nfcjuth  of  Sioux  River. 
In  regard  to  the  age  of  this  formation,  the  readers  of  this  Journal 
will  remember  that  Mr.  Marcou  and  some  geologists  in  this  coun- 
try have  differed  widely.  In  1863,  the  writer  and  Dr.  Hayden  ex- 
amined it  while  returning  from  an  expedition  to  the  Bad  Lands  for 
Prof  Hall.  They  found  but  a  few  badly  preserved  fossils  in  it,  but 
left  the  locality  under  the  impression  that  it  was  probably  Cre- 
taceous, as  it  was  immediately  overlaid  by  rock  undoubtedly  of 
that  ace ;  which  opinion  was  adopted  in  a  paper  published  by 
Prof.  Hall  and  the  writer  in  Mem  Am.  Acad  Arts  andSci.^  1856. 

In  his  Geological  Map,  however,  of  N.  America,  published  in 
1855,  {Ann,  des  Mines^  [21  vii),  Mr.'  Marcou  had  colored  this 
rock  here  on  the  east  side  of  the  Missouri,  Mountain  Lime-' 
stcmej  and  along  the  west  side.  New  Red  Sandstone, 

In  papers  published  in  1856-7,  Dr.  Hayden  and  the  writer 
still  maintained  that  it  was  of  Cretaceous  a^e. 

Affain,  in  1858,  in  reissuing  his  Geological  map,  along  with 
his  Otology  of  NorUi  America^  Mr.  Marcou  lefk  this  rock  colored 
as  before  on  both  sides  of  the  Missouri,  and  on  page  143  of  the 
Oeoloffy^  says,  "the  red  formation  of  the  vicinity  of  Sioux  City, 
lying  upon  the  Carboniferous  rocks,  is  of  the  age  of  the  New 
Ked  Sandstone," 

About  the  same  time.  Dr.  Hayden  and  the  writer  maintained 
that  the  numerous  modern  types  of  dicotyledonous  leaves  found 
m  this  rock  could  not  belong  to  an  older  epoch  than  Cretaceous. 
Bat  in  a  paper  published  in  the  Archives  des  Sci.  BiblioOiique  Unx- 
verselkf  June,  1858,  Mr.  Marcou  unhesitatingly  referred  it,  from^ 
oar  later  description,  to  the  Jurassic,  Being  perfectly  satisfied 
that  even  this  could  not  be  the  case,  and  in  order  to  convince 
Mr.  Marcou  and  others  of  the  fact,  the  writer  made  sketches  of 
some  of  the  leaves  found  in  this  rock,  and  sent  them  to  Pro£ 
Oswald  Heer,  of  Zurich,  Switzerland,  one  of  the  most  eminent 
botanical  paleontologists  of  Europe,  Dr.  Newberry,  one  of  our 
beet  authorities  in  this  department  of  paleontology,  being  then 
in  New  Mexico.  Before  Prof.  Heer's  reply  was  received.  Dr. 
Newberry  returned,  and  the  specimens  of  fossil  leaves  were 
submitted  to  him,  and  he  fully  agreed  with  us  that  the  rock 
most  be  Cretaceous.  The  modern  affinities  of  the  leaves 
showed  it  could  not  be  older,  and  its  position  beneath  unques- 
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tionable  Cretaceous  strata,  in  a  district  where  the  undisturbed 
condition  of  all  the  rocks  precluded  the  supposition  that  there 
might  have  been  an  overthrow,  settled  the  question  that  it  could 
not  be  newer. 

Soon  after  Dr.  Newberry's  return,  a  letter  was  received  from 
Professor  Heer,  who  was  evidently  deceived  by  the  unusually 
modern  affinities  of  the  leaves  (and  doubtless,  though  un- 
consciously to  himself,  in  some  degree  by  the  theoretical  views 
of  Mr.  Marcou,  who  ^^&a  then  in  Zurich),  stating  that  he  could 
not  regard  these  leaves  of  Cretaceous  age,  but  that  they  appeared 
most  nearly  allied  to  Miocene  types.  Almost  simultaneously,  a 
printed  pamphlet  was  issued  by  Mr.  Marcou  at  Zurich,  addressed 
to  MeeK  ana  Hayden,  in  which  he  took  the  ground  that  they 
had  included  in  this  leaf-bearing  formation  all  sorts  of  rocks, 
excepting  Cretaceous,  and  endorsing  Prof  Heer's  suggestion  that 
the  beds  containing  these  leaves  are  of  Miocene  age. 

Notwithstanding  the  fact  that  Dr.  Hayden  and  the  writer  had 
against  them  as  weighty  an  authority  as  Prof.  Heer,  they  con- 
tinued to  maintain  that  the  rock  is,  nevertheless.  Cretaceous. 

After  having  expressed  so  many  and  such  widely  different 
opinions  in  regard  to  the  age  of  this  formation,  we  may  readily 
understand  that  it  must  have  been  with  no  ordinary  degree  of 
interest  that  Mr.  Marcou  caught  the  first  glimpe  of  these  sand- 
stone escarpments  as  he  ascended  the  Missoun  ;  especially  as  he 
had  with  bim  a  skilful  botanical  paleontologist,  to  assist  in  un- 
raveling the  knotty  question.  After  a  thorough  exploration, 
however,  of  the  various  out-crops  in  the  vicinity  of  Sioux  City, 
and  along  the  Missouri  below  there,  both  of  these  gentlemen 
completely  satisfied  themselves  that  this  formation  is  Cretaceous, 
and  only  Cretaceous,  as  had  been  from  the  first  maintained  by 
all  in  this  country.  This  they  both  stated  in  conversation  at 
Washington  City,  and  Mr.  Marcou  frankly  admits  it  in  the  paper 
under  review.  And  thus  ends  one  long  mooted  question  m  the 
geology  of  the  West. 

There  are  a  few  points,  however,  in  regard  to  this  formation, 
upon  which  the  writer  cannot  agree  with  Mr.  Marcou.  In  the 
first  place,  he  (Mr.  Marcou)  considers  it  a  fresh-water  formation, 
because  he  found  in  it  shells  of  a  Gyrena ;  (for  which  he  pro- 
poses the  name  C,  Nova-Mexicand,  from  the  supposition  that  it  is 
identical  with  a  species  found  by  him  in  New  Mexico).  This  is 
undoubtedly  the  Cyrena  arenaria  of  Meek  &  Hayden,"  whibh 
was  long  since  described  from  the  same  locality  and  position.  Its 
presence  there,  however,  by  no  means  proves  this  to  be  a  fresh- 
water deposit,  since  the  writer  and  Dr.  Hayden  found  directly 

''  We  first  described  it  as  a  Ch^prina,  from  imperfect  specimens,  but  afterward 
referred  it  to  the  genus  Oyrena, 
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aasoeinted  with  it  casts  of  an  Axincza  (=  Pectunculus\  figured  and 
described  by  Hall  and  Meek  in  the  Memoirs  Am.  Acad,  Arts 
and  Set  'Dr.  Hayden  and  the  writer  haye  also  described  from 
there  a  Mactra^  under  the  name  M.  Siouxensisy  and  a  Pharella. 
As  Pectwiculus  and  Mactra  are  marine  genera,  and  Pharella  and 
Cyrena  are  brackish -water  types,  it  is  manifest  that  this  rock 
was  deposited  in  a  bay  or  estuary,  which  must  haye  been  alter- 
nately brackish,  and  salt  enough  to  sustain  marine  Mollusks.  The 
nature  of  the  sediment  composing  it,  as  well  as  the  numerous 
leayes  and  eyen  trunks  of  trees,  at  some  places  found  in  it,  at- 
test  the  fact  of  iti  being  a  shore  deposit. 

Again,  while  admitting  this  to  be  a  Cretaceous  rock,  Mr. 
Marcou  seenfis  to  think  he  is  difiering  from  Meek  &  Hayden,  in 
not  referring  it  to  the  oldest  Cretaceous,  and  in  placing  it  on  a 
parallel  with  the  New  Jersey  Cretaceous.  In  this,  however,  he 
18  mistaken.  We  pla<Jed  it  at  the  base  of  our  section  of  the  Ore- 
taceaus  rocks  of  the  Tipper  Missouri  Couni/ryt  which  position  it  un- 
doubtedly  holds.  But  we  have  not,  in  our  more  recent  papers, 
especially  referred  it,  even  provisionally,  to  the  horizon  of 
the  oldest  Cretaceous  of  Europe.  By  looking  at  our  paper 
published  in  the  Proceed.  Acad,  Nat.  Sci.  Philad.,  Dec,  1861, 
page  418,  it  will  be  seen  that  we  there  refer  this  rock  to  the 
position  of  the  Gra^  Chalk  of  English  geologists.  It  will  also 
D6  seen  there,  and  m  our  other  papers,  that  we  have,  almost 
from  the  first,  maintained  that  this  formation  is  the  exact  equiv- 
alent of  the  leaf-bearing  beds  on  Baritan  River,  New  Jersey, 
forming  the  inferior  member  of  the  Cretaceous  rocks  of  that 
State. 

Mr.  Marcou  also  has  some  remarks  on  the  question  of  the  par- 
allelism of  this  sandstone  and  the  overlying  Inoceramus  beds, 
with  the  uuper  part  of  his  Pyramid  Mountain  section  in  New 
Mexico.  We  have  not  the  space  to  enter  upon  the  discussion  of 
this  question  here,  nor  is  it  necessary.  The  able  review  of  this 
whole  subject  in  Dr.  Newberry's  report  as  Geologist  of  Ives's 
Colorado  Expedition,  and  Dr.  Shumard's  several  papers  on  the 
geology  of  Texas,  place  this  question  in  so  clear  a  light  that 
probably  no  one  but  Mr.  Marcou  has  any  doubts  on  the  subject. 

Note  on  a  new  Crinoid^  referred  to  on  page  164. — Since  the  re- 
marks on  page  164  were  in  type,  Mr.  Worthen  has  sent  me  speci- 
mens of  the  Crinoid  there  alluded  to,  from  the  Coal-measures 
of  Illinois,  which  show  that,  however  much  it  may  resemble 
JEncrinus,  it  still  presents  differences  of  structure  believed  to  be 
of  generic  importance.  These  differences  consist  in  the  presence 
of  a  series  of  true  subradtal  pieces ;  while  it  differs  from  the  struc- 
ture (at  least  the  normal)  of  Encrinus^  in  having  but  two  primary 
radialsy  instead  of  three,  in  each  ray.*  A  European  specimen 

▲m.  Jouk.  Scl— Sbcokb  Sirixs,  Vol.  XXXIX«  No.  116.— Maboh,  1865. 
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of  Encrinus  in  the  private  collection  of  SmitBson,  deposited  al 
the  Smithsonian  Institution,  shows  five  very  minute  pieces  with* 
in  those  generally  considered  the  basal  plates.  If  these  minute 
.  pieces  were  developed  so  as  to  assume  the  character  of  true 
basal  plates,  then  those  generally  re^rded  as  such  would  become 
subradials,  as  in  our  Crinoid.  As  this,  however,  seems  never  to 
have  been  the  case  in  true  Encrinus^  it  is  reasonable  to  infer  that 
our  Carboniferous  form  presents  other  differences  entitling  it  to 
rank  as  the  type  of  a  distinct  genus.  The  genu3  may  be  named 
and  characterized  as  follows : 

Erisocrinus,  Meek  &  Worthen.  Basal  plates  5 ;  subradials 
5;  radials  2x5;  anal  and  interradinl  pieces  none.  Columa 
and  arms  unknown.     We  know  the  following  species: — 

1.  jK  iypus  M.  &  W. — Body,  below  the  summit  of  the  first 
radial  pieces,  basin-shaped,  rounded  below,  and  subpentagonal 
in  outline  above;  composed  of  thickj  snfooth,  scarcely  convex 
plates;  breadth  0*60  inch,  height  0*24  inch.  Basal  pieces  small, 
about  half  hidden  by  the  column ;  subradials  three  times  as 
large  as  the  basal  pieces,  equally  hexagonal:  first  radial  pieces 
much  larger,  of  equal  size  and  form,  being  all  wider  than  long, 
pentagonal  in  outline,  and  broadly  truncated  above  for  the  re- 
ception of  the  succeeding  radials,  which  are  nearly  as  large, 
equally  pentagonal,  and  support  upon  their  superior  sloping 
sides  either  the  first  brachial  pieces,  or  a  series  of  secondary  ra« 
dials. — From  the  Coal-measures,  near  Springfield,  III. 

2.  E,  Nebrascensia  M.  &  W. — Differs  from  the  foregoing  in 
having  the  cup  below  the  summit  of  the  first  radials  proportion- 
ally  deeper,  in  consequence  of  the  larger  size  of  the  subradial 
pieces,  but  may  be  only  a  variety  of  the  same.  Breadth,  0*69 ; 
neigh t  to  top  of  first  radials,  0*35  inch. — From  the  Coal-measures, 
Belle vue,  itebraska. 


Art.  XXT. — A  nalysis  of  a  Carbonate  of  Lime  and  Manganese^ 
{Spartaite  of  Breithaupt^  from  Sterling^  Sussex  County^  New 
Jersey;  by  S.  W.  Tyler,  A.B.  Communicated,  with  remarks, 
by  C.  U.  Shepard. 

More  than  a  year  since  I  supplied  Mr.  Tyler  (a  graduate  of 
this  College)  with  very  fresh  specimens  of  tins  mineral,  to  be 
analyzed  during  his  residence  at  the  Gcittingen  Laboratory.  He 
has  just  forwarded  to  me,  under  date  of  Nov.  10th,  the  results 
he  has  obtained. 

**Sp.  gr.  =2*815.  Before  the  blowpipe,  decrepitates  and  be- 
comes black  without  fusing.  With  soda  and  microcosmic  salt, 
fives  the  well-known  reaction  of  manganese.  Not  acted  on 
v  acetic  acid,  but  dissolves  easily  with  effervescence  in  cold 
chlorbydric  acid. 
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Analysis  gives, 

MnO,  .        ,        .        .  18-79 1 

Cft  O,        .        .        .  48-66  V  as  1:4:5, 

CO^    ....  42-01  ) 

which  leads  to  (iMnO+jCaO)  CO**  as  the  formula  of  the 
species. 

Calculated.  Obtained. 

MnO,    .        .        .        .     13-79   .  .        .         18-79 

4CaO,        .         .        .        43-49  .        .        .    43-65 

5C02,     ....     42-72    .  .         .        4201 

10000  99-45'' 

This  is  the  same  mineral  as  that  referred  to  by  Rammelsberg, 

S«ge  209  of  his  Handbuch  der  Mineralchemie^  as  analyzed  by 
enzsch  and  Richter  with  the  following  results : 

Bj  Jenzsch.  By  Richter. 

Carbonic  acid,        .        .    4077  .        .        .    44-04 
Lime,          .        .        .         48-75   .         .        .        47-92 

Magnesia,        .         .        .      0-92  .        .        .      1-21 


Proiox.  iron  .        .  0-38 ) 

Prolox.  manganese,         .  6-83  f 

Oxyd  of  zinc,      .        .  0-88 

Water,    ....  0-32  . 
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98  35  100-30 

Eammelsberg^  ves  the  following  as  an  approximative  formula, 
based  on  the  foregoing : 

Regarding  the  magnesia,  iron  and  zinc  as  accidental,  I  have 
only  to  add,  respecting.the  species,  that  in  color  it  is  generally  a 
very  pale  reddLsh  white,  and  where  associated  with  dysluite  and 
jeffersonite  (hedenbergite)  of  a  bluish  gray  tint,  sometimes  (from 
partial  decomposition)  yellowish  or  redctish  brown.  It  cleaves 
with  facility;  and  the  rhombohedrons  thus  obtained  afford,  both 
by  the  common  and  the  reflective  goniometer,  angles  rather 
over  than  under  106®.  The  planes  are  striated  parallel  to  their 
longer  diagonals.  With  borax  before  the  blowpipe  the  character- 
istic manganese  reaction  is  speedily  produced. 

This  mineral  had  for  years  been  recognized  in  my  cabinet  as  a 
double  carbonate  of  lime  and  manganese,  and  called  by  me  cal- 
ctmangiie,  a  denomination  which  I  have  only  recently  learned 
has  been  anticipated  by  Breithaupt's  Spartaite.  But  as  this  last 
name  is  so  nearly  synonymous  with  Spartalite,  (given  in  1852 
by  Brooke  and  Miller,  to  the  red  oxyd  of  zinc),  I  would  suggest 
the  substitution  of  calcimangitefor  it,  as  an  appellation  that  may 
serve  to  prevent  confusion,  the  more  especially  as  the  two  min* 
emls  occur  together. 

Amhcnt  CoUege,  Dec  14, 1864. 


Digitized  by  VjOOQ IC 


176      r.  S.  Hunt  on  the  Chemistry  of  Natural  Waters. 


Art.  XXIL — Contributions  to  the  Chemistry  of  Natural  Waters; 
by  T.  Sterry  Hunt,  A.M.,  F.K.S. 

It  is  proposed  to  divide  this  essay  into  three  parts,  in  the  first 
of  which  will  be  considered  some  general  principles  which  must 
form  the  basis  of  a  correct  chemical  history  of  natural  waters. 
The  second  part  will  embrace  a  series  of  chemical  analyses  of 
mineral  waters  from  the  Paleozoic  rocks  of  the  Champlain  and 
St.  Lawrence  basins,  together  with  some  river-waters;  and  the 
third  part  will  consist  chiefly  of  deductions  and  generalizations 
from  these  analyses. 

I. 

CoynxTS  op  Sbotioxa.—- 1 ,  atmospheric  waters ;  2,  S,  results  of  vegetable  decay  ; 
4-7,  notion  od  rockv  sediments ;  8,  action  on  iron-oxyd ;  9, solution  of  alumina; 
10,  reiluction  of  sulphates ;  1 1 ,  kaolinis.ition ;  12,  decay  of  silicates;  IS.  oriipn 
of  carbonate  of  soda;  14,  Bii$cliof*s  view  ngi^ted;  16,  16,  porofdtj  of  rocks, 
and  their  contained  saline  waters;  17,  saliferous  strata;  IS,  action  of  carbmio 
ato  of  soda  on  salins  w.iters;  19,  origin  of  snl|)hale  of  magnesia;  20,  21,  Mlt- 
scherlich's  view  rejected  ;  22,  28,  salts  frt>m  evaporatii^seawator.compositioii 
of  ancient  seai>,  origin  of  carbonate  of  lime ;  25-27,  origin  f»f  gypsum,  carbon- 
ate of  magnesia,  and  dolomite;  28,  waters  from  oxydizt^  sulphurets  ;  29, origin 
of  free  sulphuric  and  chlorhydric  acick;  HO,  of  sul|^ydric  and  boric  acids; 
81.  of  carbonic  acid  gas;  82,  of  ammoniaeal  salts;  88-86,  dassificatiou  of 
mineral  waters.  . 

§  1.  The  solvent  powers  of  water  are  such  that  this  liquid  is 
never  met  with  in  nature  in  a  perfectly  pure  state ;  even  meteoric 
waters  hold  in  solution,  besides  nitrogen,  oxyjgen,  carbonic  acid, 
ammonia,  and  nitrous  compounds,  small  quantities  of  solid  mat* 
ters  which  were  previously  suspended  in  the  form  of  dust  in  the 
atmosphere.  Auer  falling  to  the  earth,  these  same  waters  be* 
come  still  farther  impregnated  with  foreign  dements  of  very 
vtCViable  nature,  according  to  the  conditions  of  the  surface  on 
which  they  fall. 

§  2.  Atmospheric  waters,  coming  in  contact  with  decaying 
vegetable  matters  at  the  earth's  surface,  take  from  them  two 
classes  of  soluble  ingredients,  organic  and  inorganic.  The 
waters  of  many  streams  and  rivers  are  colored  brown  with  dis- 
solved organic  matter,  and  yield,  when  evaporated  to  dryness, 
colored  residues  which  carbonize  b^  heat  This  organic  sub- 
stance, in  some  cases  at  least,  is  azotized,  and  similar  if  not  iden- 
tical in  composition  and  properties  with  the  apocrenic  acid  of 
Berzelius.  The  decaying  vegetation,  at  the  same  time  that 
it  yields  a  portion  of  its  organic  matter  in  a  soluble  form, 
parts  with  the  mineral  or  cinereal  elements  which  it  had  re- 
moved from  the  soil  during  life.  The  salts  of  potassium,  calcium, 
and  magnesium,  the  silica  and  phosphates  which  are  so  essential 
to  the  growing  plant,  are  liberated  during  the  process  of  decay, 
jind  hence  we  find  these  elements  almost  wanting  in  peat  and 
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coal.  See,  on  this  point,  the  analyses  by  Vohl  of  peat,  peat-mos5, 
and  the  soluble  matters  set  free  during  its  decay.  Ann,  der 
Ohem,  vndPharm.^  cix,  185,  cited  in  R^p,  Cliim.  Appliquee,  i,  289. 
Also  Liebig,  analysis  of  bog- water;  Letters  on  itodo-n  AgHcul* 
iure,  p.  44;  and,  in  the  second  part  of  this  paper,  the  analysis  of 
the  waters  of  the  Ottawa  river. 

§  3.  At  the  same  time,  an  important  change  is  effectod  in  the 
gaseous  contents  of  the  atmospheric  waters.  The  oxygen 
which  they  hold  in  solution  is  absorbed  by  the  decaying  organio 
matter,  and  replaced  by  carbonic  acid,  while  any  nitrates  or 
nitrites  which  may  be  present  are  by  the  same  means  reduced  to 
the  state  of  ammonia  (Kuhlmann).  By  thus  losing  oxygen,  and 
taking  up  a  readily  oxydizable  organic  matter,  these  waters  be- 
come  r^ucing  instead  of  oxydizing  media  in  their  farther 
progress. 

§  4.  We  have  thus  far  considered  the  precipitated  atmospheric 
waters  as  remaining  at  the  earth's  surface,  but  a  great  portion  of 
them  sooner  or  later  in  their  course  come  upon  permeable  strata 
by  which  they  are  absorbed,  and  in  their  subterranean  eircala^ 
tion  undergo  important  changes.  The  effect  of  ordinal y  argil- 
laceous strata  destitute  of  neutral  soluble  salts  may  be  iirst  ex^ 
amined.  Between  such  sedimentary  strata  and  the  waters 
charged  with  organic  and  mineral  matters  from  decaying  vege- 
tation, there  are  important  reactions.  The  composition  of  these 
waters  is  pecirliar.  They  contain,  relatively  to  the  sodium, 
a  large  amount  of  potassium  salts,  besides  notable  quantities  of 
silica  and  phosphates,  in  addition  to  the  dissolved  organic  mat* 
ters  and  the  earthy  carbonates,  and  in  some  cases  ammoniacal 
salts  and  nitrates  or  nitrites.  The  sulphuric  acid  and  chlorine 
are  moreover  not  sufficient  to  neutralize  the  alkalies,  which  are 
perhaps  in  part  combined  with  silica  or  with  an  organio  acid.* 

§  5.  The  experiments  of  Way,  Voelcker,  and  others  have 
shown  that  when  such  waters  are  brought  into  contact  wkh  ar* 
filaceous  sediments,  they  part  with  their  potash,  ammonia,  sil- 
ica,  and  phosphoric  acid  and  organic  matter,  which  remain  in 
combination  with  the  soil;  while,  under  ordinary  conditions  at 
least,  neitlier  soda,  lime,  magnesia,  sulphuric  acid  nor  chlorine 
are  retained.  This  power  of  the  soil  appears  from  the  experi- 
mente  of  Eiehhorn  to  be  in  part  due  to  the  action  of  hydnited 
double  aluminous  silicates ;  and  the  process  is  one  of  double 
exchange,  an  equivalent  of  Jime  or  soda  being  given  up  for  the 
potash  and  ammonia  retained.  The  phosphates  are  probably 
retained  in  combination  with  alumina  or  peroxyd  of  iron ;  and 
the  silica  and  organic  matters  also  enter  into  insoluble  combina- 
tions. It  follows  from  these  reactions  that  the  sprface-waters 
charged  with  the  products  of  vegetable  decay,  after  having  been 
brought  in  contact  with  argillaceous  sediments,  retain  litUe  else 
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than  sulphates,  chlorids,  or  carbonates  of  soda,  lime  and  mag- 
nesia. In  this  way  the  mineral  matters  required  for  the  growth 
of  plants,  and  by  thenr  removed  from  the  soil,  are  again  restored 
to  it;  and  from  this  reaction  results  the  small  proportion  of 
potash  salts  in  the  waters  of  ordinary  springs  and  wells  as  com- 
pared with  river-waters.  From  the  waters  of  rivers,  lakes,  and 
seas,  aquatic  plants  again  take  up  the  dissolved  potash,  phos- 
phates, and  silica;  and  the  subsequent  decay  of  these  plants  in 
contact  with  the  ooze  of  the  bottom,  or  on  the  shores,  again  re- 
stores these  elements  to  the  earth.  See  a  remarkable  essay  by 
Forchhammer,  on  the  composition  of  fucoids,  and  their  geologi- 
cal relations,  Jour,  fur  Prakl,  Chem.^  xxxvi,  388. 

§  6.  The  observations  of  Eichhorn  upon  the  reaction  between 
solutions  of  chlorids  and  pulverized  chabazite,  which,  as  a  hy- 
druted  silicate  of  alumina  and  lime,  may  perhaps  be  taken  as  a 
representative  of  the  hydrous  double  silicates  in  the  soil,  show 
that  these  substitutions  of  protoxyd  bases  are  neither  complete 
nor  absolute.  It  would  appear,  on  the  contrary,  that  there  takes 
place  a  partial  exchange  or  a  partition  of  bases  according  to 
their  respective  affinities.  Thus  the  normal  chabazite  in  pres- 
ence of  a  solution  of  chlorid  of  sodium  exchanges  a  large  por- 
tion of  its  lime  for  soda;  but  if  the  resulting  sodacompouna  be 
placed  in  a  solution  of  chlorid  of  calcium,  an  inverse  substitu- 
tion takes  place,  and  a  portion  of  lime  enters  again  into  the  sili- 
<5ate,  replacing  an  equivalent  of  soda;  while,  by  the  action  of  a 
solution  of  chlorid  of  potassium,  both  lime  and  soda  are,  to  a  large 
-extent,  replaced  by  potash.  In  like  manner,  chabazite  in  which 
by  the  action  of  a  solution  of  sal-ammoniac,  a  part  of  the  lime  has 
been  replaced  by  ammonia,  will  give  up  a  portion  of  theammonia, 
not  only  to  solutions  of  chlorids  of  potassium  and  sodium,  but 
even  to  chlorid  of  calcium.  It  results  from  these  mutual  decom- 
positions, that  there  is  a  point  where  a  chabazite  containing  both 
lime  and  soda,  or  lime  and  ammonia,  would  remain  unchanged 
in  mixed  solutions  of  the  corresponding  chlorids,  the  affinities 
of  the  rival  bases  being  balanced.*  Inasmuch,  however,  as  the 
proportions  of  ammonia  and  potash  in  natural  waters  are  usually 
small,  when  compared  with  the  amounts  of  lime  and  soda 
existing  in  the  form  of  hydro-silicates  in  the  soil,  the  result  of 
these  affinities  is  an  almost  complete  elimination  of  theammonia 
and  potash  from  infiltrating  waters. 

§  7.  That  the  replacement  of  one  .base  by  another  in  this  way 
4«  not  complete  is  shown,  moreover,  by  the  experiments  of  Lie- 
4)ig,  Deh<$rain  and  others,  who  have  observed  that  a  solution  of 
gypsum  removes  from  soils  a  certain  amount  of  potash-salt, 
whack  was  insoluble  in  pure  water.  In  this  way  gypseous  waters 
may  aiso  acquire  portions  of  sulphate  of  soda,  and  perhaps  of 
sulphate  of  mague^sia,  from  silicates. 

*  This  Journal,  [2]  zxrlii,  72. 
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It  is  not  certain  that  all  the  above  reactions  obfterved  for 
chabazite  are  applicable  without  modification  to  the  double  hj* 
dro-aluminou3  silicates  of  sedimentary  strata.  Were  such  the 
case,  important  changes  might,  in  certain  conditions,  be  effected 
in  the  composition  ofsaline  waters.  Thus,  in  presence  of  a  great 
amount  of  a  hydrous  silicate  of  lime  and  alumina,  solutions  of 
chlorid  of  sodium  might  acquire  a  considerable  amount  of 
chlorid  of  calcium  ;  but  it  is  probable  that  these  reactions,  how* 
ever  important  they  may  be  in  relation  to  the  soil,  and  to  sur- 
face-waters with  their  feeble  saline  impregnation,  have  at  present 
but  little  influence  on  the  composition  of  the  stronger  saline 
waters.  It  is,  however,  not  impossible  thot  the  action  of  the 
ancient  sea-waters,  holding  a  large  arpount  of  chlorid  of  calcium, 
upon  the  hydrated  and  half-decomposed  feldspars  which  consti- 
tuted the  clax's  of  the  period,  may  have  given  rise  to  those  double 
silicates  which  formed  the  lime-soda  feldspars  so  abundant  in  the 
Labrador  series. 

§  8.  The  reactions  just  described  assume  an  importance  in  the 
case  of  waters  impregnated  with  soluble  matters  from  vegetable 
decsiy,  and  in  this  event  another  and  not  less  important  class  of 
.  phenomena  intervenes,  which  are  due  to  the  deoxydizing  power 
of  the  dissolved  organic  matter.  By  thegction  of  this  upon  the 
insoluble  peroxyd  of  iron  set  free  from  the  decomposition  of 
ferruginous  minerals  and  disseminated  in  the  sediments,  pro- 
toxyd  of  iron  is  formed,  which  is  soluble  both  in  carbonic  acid, 
and  in  the  excess  of  the  organic  (acid)  matter.  By  this  means^ 
not  only  are  great  quantities  of  iron  dissolved,  but  masses  of 
sediments  are  sometimes  entirely  deprived  of  iron-oxyd,  and 
thus  beds  of  white  clay  and  sand  are  formed.  The  waters  thus 
charged  with  proto-sahsof  iron  absorb  oxygen  when  exposed  to 
the  air,  and  then  deposit  the  metal  as  hydrated  peroxyd,  which 
when  the  organic  matter  is  in  excess,  carry  down  a  greater  or  less 
proportion  of  it  in  combination.  Such  organic  matters  are  rarely 
absent  from  limonite,  and  in  some  specimens' of  ochre  amount 
to  as  much  as  fifteen  per  cent.'  The  conditions  under  which 
hydrous  peroxyd  of  manganese  is  often  found  are  very  similar 
to  those  of  hydrous  peroxyd  of  iron,  with  which  it  is  so  fre- 
quently associated ;  and  there  is  little  doubt  that  oxyd  of  man- 
ganese may  be  dissolved  by  a  proce&s  like  that  just  pointed  out. 
A  portion  of  manganese  has  been  observed  in  the  soluble  mat- 
ters  from  decaying  peat-moss;  and  it  seems  to  be  generally 
present  in  small  quantities  with  iron  in  surface-waters. 

§  9.  There  is  reason  to  believe  that  alumina  is  also,  under 
certain  conditions,  dissolved  by  waters  holding  organic  acids. 
The  existence  of  pi^otite,  a  native  compound  of  alumina  with 
an  organic  acid,  and  the  occasional  association  of  gibbsite  with 

*  Qeoktgj  of  Canada,  p.  512. 
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limonite  point  to  such  a  reaction.  That  it  is  not  more  abundant 
in  solution,  is  due  to  the  fact  that,  unlike  most  other  metallic 
oxyds,  alumina,  instead  of  being  separated  in  a  free  state  by  the 
slow  decomposition  of  its  silicious  compounds,  remains  in  com- 
bination with  silica.  The  formation  of  bauxite,  a  mixture  of 
hydrate  of  alumina  with  variable  proportions  of  hydrous  per- 
oxyd  of  iron,  which  forms  extensive  beds  in  the  Tertiary  sedi* 
ments  of  the  great  Mediterranean  basin,  indicates  a  solution  of 
alumina  on  a  grand  scale,  and  perhaps  owes  its  origin  to  the  de- 
composition  of  solutions  of  native  alum  by  alka;line  or  earthy 
carbonates.  Emery,  a  crystalline  anhydrous  form  of  alumina, 
has  doubtless  been  formed  in  a  similar  manner.  See  this  Journal, 
[2]  xxxii,  287.  The  existence  in  many  localities  of  an  insoluble 
sub-sulphate  of  alumina,  websterite,  in  layers  and  concretionary 
masses  in  Tertiary  clays,  evidently  points  to  such  a  process. 
Compounds  consisting  chiefly  of  hydrated  alumina  are  frequently 
founa  in  fissures  of  the  chalk  in  England.  On  the  absence  of 
free  hydrated  alumina  from  soils,  see  MuUer,  cited  in  this  Jour- 
nal, [2]  XXXV,  292. 

§  10.  The  organic  matter  dissolved  by  the  surfiwe-waters 
serves  to  reduce  to  the  condition  of  sulphurets  the  various  sol- 
uble sulphates  which  it  takes  up  at  the  same  time  or  meets  with 
in  its  course.  These  sulphurets,  decomposed  by  carbonic  acid, 
which  is  in  part  derived  from  the  atmosphere,  and  in  part  from 
the  oxydation  of  the  carbon  of  the  organic  matter,  give  rise  to 
alkaline  and  earthy  carbonates  on  the  one  hand,  and  to  sul- 
phuretted hydrogen  on  the  other.  In  this  way,  under  the  influ- 
ence of  a  somewhat  elevated  temperature,  are  generated  sulphur- 
ous waters,  whether  of  subterranean  springs,  or  of  tropical  sea- 
n>ar8hes  and  lagoons.  The  reaction  between  the  sulphurets  thus 
formed  and  the  salts  or  oxyds  of  iron,  copper  and  similar  metals 
which  may  be  present,  gives  rise  to  metallic  sulphurets.  The 
decomposition  of  sulphuretted  hydrogen  by  the  oxygen  of  the 
air,  produces  native  sulphur,  with  which  are  generally  found 
assosiated  sulphates  of  lime  and  strontia.  By  virtue  of  these 
reactions,  soluble  sulphates  of  lime  and  magnesia  may  be  com- 
pletely eliminated  from  waters,  the  bases  as  insoluble  carbon- 
ates, and  the  sulphur  as  sulphuretted  hydrogen,  free  sulphur,  or  a 
metallic  sulphuret.  Moreover,  as  Forehhammer  has  pointed  out 
in  the  paper  already  cited,  sulphuret  of  potassium  in  the  pres- 
ence of  ferruginous  clays  is  also  completely  separated  from  solu- 
tion, the  sulphur  as  sulphuret  of  iron,  and  the  alkali  as  a  double 
aluminous  silicate. 

§  11.  We  have  thus  far  considered  the  composition  of  surface- 
waters  as  modified  by  the  decay  of  vegetation,  or  by  the  reactions 
between  the  matters  derived  from  this  source  and  the  permeated 
sediments.    Not  less  important,  however,  than  the  elements  thus 
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removed  by  sabstitutioQ  *  from  sedimentary  strata  are  those 
which  are  liberated  by  the  slow  decomposition  of  the  minerals 
composing  these  sedimenta 

It  has  long  been  known  that  in  the  transformation  of  a  feld- 
spar into  kaolin  the  doable  silicate  of  alumina  and  alkali  takes 
up  a  portion  of  water,  and  is  resolved  into  a  hydrous  silicate  of 
alumina ;  while  the  alkali,  together  with  a  definite  portion  of 
ailica,  is  separated  in  a  soluble  state.  The  feldspar,  an  anhydrous 
double  salt  formed  at  an  elevated  temperature,  has  a  tendencv 
under  certain  conditions  to  combine  at  a  lower  temperature  with 
a  portion  of  water,  and  break  up  into  two  simpler  silicates. 
Daubr^  has  moreover  shown  that  when  kaolin  is  exposed  to  a 
beat  of  400^  C.  in  presence  of  a  soluble  silicate  of  potash  the 
two  silicates  unite  and  regenerate  feldspar.  These  reactions  are 
completely  analogous  to  those  presented  by  very  many  other 
double  salts,  ethers,  amids,  and  similar  compounds.  The  pre- 
liminary conditions  of  this  conversion  of  feldspar  into  kaolin 
and  a  soluble  alkaline  silicate,  however,  still  require  investiga- 
tion. It  is  known  that  while  some  feldspathic  rocks  appear 
almost  unalterable,  others  containing  the  same  species  or  feld* 
spar  are  found  converted  into  kaolin  to  a  depth  of  many  feet 
from  the  surface.  This  chemical  alteration,  according  to  Four- 
net,  is  always  preceded  by  a  mechanical  change  of  the  feldspar, 
which  first  bewmes  opaque  and  friable,  and  is  thus  rendered  per- 
meable to  water.  He  conceives  this  alteration  to  be  molecular 
and  to  be  connected  with  the  passage  of  the  silicate  into  a  dimor- 
phous or  allotropic  condition.* 

§  12.  The  researches  of  Ebelman  in  the  alterations  of  various 
rocks  and  minerals  have  thrown  considerable  light  on  the  rela- 
tions of  sediments  and  natural  waters.^  From  the  analyses  of 
basaltic  and  similar  rocks,  which  include  silicates  of  lime,  mag- 
nesia, iron  and  manganese  in  the  forms  of  pyroxene,  hornblende 
and  olivine,  and  which  undergo  a  slow  and  superficial  decom- 
position under  atmospheric  influences,  it  appears  that  during  the 
process  of  decay  the  greater  part  of  the  lime  and  magnesia  is 
removed,  together  with  a  large  proportion  of  silica.  It  was 
found  moreover  that  in  the  case  of  a  rock  apparently  composed 
of  labradorite  and  pyroxene,  the  removal  of  the  lime  and  mag- 
nesia from  the  decomposed  portion  was  much  more  complete 
than  that  of  the  alkalies ;  showing  thus  the  comparatively  greater 
stability  of  the  feldspathic  element  The  decomposition  of  the 
feldspar  in  these  mixed  rocks  is,  however,  at  length  effected,  and 
the  nnal  result  approximates  to  a  hydrous  silicate  of  alumina,  or 
clay.  This  slow  decomposition  of  silicates  of  protoxyd-bajses 
appears  to  be  due  to  the  action  of  carbonic  acid,  which,  remov- 

'  Ann.  de  Chimie,  [2].  Ir,  225.  *  Ebelman,  Reeueil  det  TVaTaoz,  ii,  1-79. 
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ing  the  lime  and  magnesia  as  carbonates,  liberates  the  silica  in  a 
soluble  form ;  while  the  iron  and  manganese,  passing  to  a  state 
of  higher  oxydation,  remain  behind,  unless  the  action  of  organic 
matters  intervenes  to  give  them  solubility. 

§  18.  It  is  to  be  remarked  that,  apart  from  the  pecaliar  and 
complete  decomposition  resulting  in  tne  production  of  kaolin,  to 
which  orthoclase,  oligoclase,  and  some  other  feldspathides,  as 
leucite,  beryl,  and  perhaps  also  the  scapolites  and  albite  are  oc- 
casionally subject,  orthoclase  is  less  liable  to  change  than  the 
soda-feldspars,  nlbite,  oligoclase  and  liibradorite.  Weathered  sur- 
faces of  these  become  covered  with  a  thin,  soft,  white  and 
opaque  crust,  from  decomposition,  while  the  surfaces  of  ortho- 
clase under  similar  conditions  still  preserve  their  hardness  and 
translucency.  The  decomposition  of  feldspathides,  and  other 
aluminous  double  silicates,  whether  rapid  and  complete,  or  slow 
and  partial,  apparently  yields  the  same  results.  A  gradual  pro- 
cess of  this  kmd  is  constantly  going  on  in  the  feldspathic  mat- 
tere  which  form  a  large  proportion  of  the  mechanical  sediments 
of  all  formations;  and  in  deeply  buried  strata  is  not  improbably 
accelerated  by  the  elevation  of  temperature.  The  soluble  alka- 
line silicate  resulting  from  this  process  is  in  most  cases  decom- 
posed by  carbonates  of  lime  and  magnesia  in  the  sediments,  giv- 
ing rise  to  silicates  of  these  bases,  (wnich  are  for  the  greater  part 
separated  in  an  insoluble  state,)  and  to  carbonate  of  ^a.  Only 
in  rare  cases  does  potash  appear  in  large  proportion  among  the 
soluble  salts  thus  liberated  from  sediments,  partly  because  soda- 
feldspars  are  more  subject  to  change,  and  partly  from  the  fact 
that  potash  salts  would  be  separated  from  the  percolating  waters 
in  virtue  of  the  reactions  mentioned  in  §  6.  Hence  it  nappens 
that  apart  from  the  neutral  soda  salts  of  extraneous  origin, 
waters  permeating  sediments  containing  alkaliferous  silicates 
generally  bring  to  the  surface  little  more  than  soda  combined 
with  carbonic  and  sometimes  with  boric  acid,  and  carbonates  of 
lime  and  magnesia  with  small  portions  of  silica. 

§  14.  This  explanation  of  the  decomposition  of  alkaliferous 
silicates  and  of  the  origin  of  carbonate  of  soda  is  opposed  to  the 
view  of  Bischof,  who  conceives  that  carbonic  acid  is  the  chief 
agent  jn  decomposing  feldnpathic  minerals.*  The  solvent  action 
of  waters  charged  with  cartx)nic  acid  is  undoubted,  as  shown  by 
various  experimenters,  especially  by  the  Messrs.  Rogers;*  but 
this  acid  is  not  always  present  in  the  quantities  required.  The 
proportion  of  it  in  atmospheric  waters  is  so  inadequate  that  it 
becomes  necessary  to  suppose  some  subterranean  source  of  the 
gas,  which  is  by  no  means  a  constant  accompaniment  of  natron 
springs.    A  copious  evolution  of  carbonic  acid  is  observed  in 

*  BUchof,  Cbem.  Gool,  ii,  181.  *  This  Joamal,  [2],  t,  401. 
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the  vicinity  of  the  lake  of  Laacb,  where  the  alkaline  waters 
studied  by  Bischof  occur.'  The  same  thing  is  met  with  in  many  ' 
other  localities  of  snch  springs,  among  which  may  be  mentioned 
the  region  around  Saratoga,  where  saline  waters  containing  car- 
bonate of  soda,  and  highly  charged  with  carbonic  acid,  rise  in 
abundance  from  tlie  I^wer  Silurian  strata;  but  farther  north* 
ward,  along  the  valleys  of  Lake  Champlain  and  the  St.  Lawrence, 
similar  alkaline  saline  waters,  which  abound  in  the  continuation 
of  the  same  geological  formations,  are  not  at  all  acidulous.  From 
this  the  conclusion  seems  justifiable  that  the  production  of  car* 
bonnte  of  soda  is  a  process,  in  some  cases  at  leasts  independent 
of  the  presence  of  free  carbonic  acid.  In  this  connection,  it  is 
well  to  recall  the  solvent  power  of  pure  water  on  alkaliferous 
silicates,  as  shown  more  especially  by  Bunsen,  and  also  by 
Damour,  who  found  that  distilled  water  at  temperatures  much 
below  212^  takes  up  from  silicates  like  palagonite  and  calcined 
mesotype,  comparatively  large  amounts  both  of  silica  and  alka* 
lies.     (Damour,  Ann.  Ohem.  et  Phya.^  [3],  xix,  481.) 

§  15  Another  and  an  important  source  of  mineral  impregna- 
tion to  waters  exists  in  the  soluble  salts  enclosed  in  sedimentary 
strata,  both  in  the  solid  state  and  in  aqueous  solution,  and  for 
the  most  part  of  marine  origin.  In  order  to  form  some  concep- 
tion of  the  amount  of  saline  matters  whiqh  may  be  contained  m 
a  dissolved  state  in  the  rocky  strata  of  the  earth,  we  have  made 
numerous  experiments  to  determine  the  porosity  of  various 
rocks ;  some  few  of  the  results  of  which  may  here  be  noticed. 
Fragments  of  the  rocks  were  dried  at  a  heat  of  150*"  to  2W  F., 
in  a  current  of  dry  air  until  they  ceased  to  lose  weight  They 
were  then  soaked  in  distilled  water,  and  kept  under  it  for  many 
hours  beneath  an  exhausted  receiver.  When  thus  saturated 
they  were  wiped  from  adhering  water,  and  weighed;  first  in  air 
to  determine  the  augmentation  of  weight  from  absorption,  and 
secondly,  in  water  to  give,  by  the  loss  in  weight,  the  volume  of 
the  specimens.  These  data  furnish  the  means  of  determining 
the  volume  of  water  absorbed,  which  is  given  below  for  100.00 
parts  of  different  rocks  from  the  Paleozoic  strata  of  the  St. 
Lawrence  basin. 

Potsdam  formation,  (landstone)  8  specimcDS  ....  2'S6^2'7l 

«•  8        **  ....  6«4— 9  85 

Calcirerons         "  (cryst dolomite)  4       **         «...  l'89^2-58 

«                «            «            "  2        ••  ....  6-90— 7-22 

ChRiy                "  (argin.  limestone)  4        "         ....  6'46-18-56 

TreotoD  *«  (gray  crys.  «•     )  4        "  118—1-70 

"  (black impaljv" )  2        •*          ....  0  80— 0.S2 

Utica  "  (black  shale)  8        **         0-76--2-10 

Hudsion  Ri^er    **  (arcnnceous  shale)  ...  « — 7*94 

Medina               **  (nrgi  11.  sandstone)  2  specimens  ....  8*87 >1 0  06 

Guelph               *  (ciyst.  dolomite)  8        "          ....  9'84-10*«0 

Niagara              **  (impalpable  ")  2        "          ....9-69-10  98 

'  Biscbof;  Lebrbucb,  i,  867*868. 
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The  above  data  might  be  much  more  extended,  but  safficieDt 
*haye  been  given  to  show  the  poroeity  of  the  principal  Paleozoic 
rocks  of  the  basin." 

§  16.  If  we  take  from  the  Potsdam  sandstone  the  mean  of  the 
first  three  trials,  giving  2'5  per  cent  for  the  volume  of  water 
which  it  is  capable  of  holding  in  its  pores,  we  find  that  a  thickness 
of  100  feet  of  it  would  contain  in  every  square  mile,  in  round  num- 
bers, 70,000,000  cubic  feet  of  water ;  an  amount  which  would 
supply  a  cubic  foot  (over  seven  gallons)  a  minute  for  more  than 
thirteen  years.  The  observed  thickness  of  the  Potsdam  sand- 
stone in  the  district  of  Montreal,  varies  from  200  to  700  feet, 
and  the  mean  of  600  feet  may  be  taken.  To  this  are  to  be  added 
800  feet  for  the  Calciferous  formation,  whose  capacity  for  water 
may  be  taken,  like  the  Potsdam  sandstone,  at  26  percent  We 
have  thus  in  each  square  mile  of  these  formations,  wherever 
they  lie  below  the  water4evd,  a  vcdume  of  490,000,000  cubic 
feet  of  water,  equal  to  a  supply  of  a  cubic  foot  per  minute  for 
106  years.  The  capacity  of  the  800  feet  of  Chazy  and  Trenton 
limestones  which  succeed  these  lower  formations,  may  be  fairly 
taken  at  one  half  that  of  those  just  named.  But  it  is  unneces- 
sary to  multiply  such  calculations — enough  has  been  said  to 
show  that  these  sedimentary  strata  include  in  their  pores  great 
quantities  of  water,  which  was  originally  that  of  the  ocean  of 
the  Paleozoic  age.  These  strata  throughout  the  great  Silurian 
basin  of  the  St  Lawrence,  are  now  for  the  greater  part  beneath 
the  sea-level ;  nor  is  there  any  good  reason  for  supposiiig  them 
to  have  ever  been  elevated  much  above  their  preselht  horizon. 
Wells  and  borings  sunk  in  various  places  in  these  rocks  show 
them  to  be  still  filled  with  bitter  sahne  waters;  but  in  regions 
where  these  rooks  are  inclined  and  dislocated,  surface-waters 
gradually  replace  these  saline  waters,  which  in  a  mixed  and  dilu- 
ted state  appear  as  mineral  springs.  These  saline  solutions, 
other  things  being  equal,  will  be  better  preserved  in  limestones 
or  argillaceous  rocks  than  in  the  more  porous  and  permeable, 
sandstones. 

§  17.  But  besides  the  saline  matters  thus  disseminated  in  a 
dissolved  state  in  ordinary  sedimentary  rocks,  there  are  great 
volumes  of  saliferous  strata,  properly  so-called,  charjf^ed  with  the 
results  of  the  evaporation  of  ancient  sea-basins.  These  strata 
enclose  not  only  gypsum  and  pock-salt,  but  in  some  regions 
large  quantities  of  the  double  chlorid  of  potassium  and  magne- 
sium, carnallite;  and  in  others  sulphate  of  soda,  sulphate  of 
imagnesia,  and  complex  sulphates  like  bkidite  and  polyhallite. 
Besides  these  crystalline  salts,  the  mother-liquors  containing  the 

*  A  greftt  manjr  similar  determinations  w\\\  1m  found  in  a  Report  on  Building 
Stones  to  the  British  House  of  Commons  in  1889,  by  Bany,  DelaBecbe.and  Smith. 
.See  also  Delesse.  Bull  Soc  GeoL,  [2],  six,  64. 
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more  soluble  and  uncT3r8tallizable  oompounds,  may  also  be  sup* 
posed  to  impregnate,  in  some  cases,  the  sediments  of  these  salif- 
eroQS  formations.  The  conditions  under  which  these  various 
salts  are  deposited  from  sea-water,  and  their  relations  to  the  com* 
position  of  the  ocean  in  earlier  geological  periods,  are  reserved 
KMT  consideration  in  §  22.  Infiltrating  waters  remove  from  these 
saliferous  strata  their  soluble  ingredients;  which,  together  with 
the  ancient  sea-waters  of  other  sedimentary  rocks,  give  rise  to 
the  various  neutral  saline  waters ;  while  the  mingling  of  these 
in  various  proportions  with  the  alkaline  waters  whose  origin  has 
been  describea  in  §  18,  produces  intermediate  classes  of  waters 
of  much  interest 

§  18.  I  have  elsewhere  described  the  results  of  a  series  of  ex- 
periments on  the  mutual  action  of  the  waters  of  these  two 
classes.^  When  a  dilute  solution  of  bicarbonate  of  soda  is  grad- 
ually added  to  a  solution  which,  like  sea-water,  contains  besides 
cblorid  of  sodium,  the  chlorids  and  sulphates  of  calcium  and 
magnesium,  the  greater  part  of  the  lime  separates  as  carbonate, 
carrying  down  with  it  only  from  one  to'three-hundredths  of  car- 
bonate of  magnesia;  a  portion  of  lime  however  remaining  in 
solution  as  bicartK>naie.  When  the  chlorid  of  calcium  is  wholly 
decomposed,  the  magnesian  salt  is  attacked  in  its  turn,  and  there 
finally  results  a  solution  in  which  the  whole  of  the  earthly 
cblorids  are  replaced  by  chlorid  of  sodium.  .A  farther  addition 
of  the  sokition  of  carbonate  of  soda  gives  them  the  character  of 
alkaliae-saline  waters;  which  moreover  contain  abundance  of 
earthy  carbonates. 

The  substitution  of  neutral  carbonate  for  bicarbonate  of  soda 
in  the  above  experiment  does  not  affect  the  result,  except  in 
causing  a  somewhat  larger  proportion  of  magnesia  to  be  thrown 
down  with  the  carbonate  of  lime.  The  resulting  liquid  still  re- 
tains large  quantities  of  earthy  carbonates  in  solution.** 

§  19.  In  the  saline  waters  just  considered,  chlorids  generally 
predominate,  the  sulphates  being  small  in  amount,  and  often 
altogether  wanting.  Some  exceptions  to  this  are  however  met 
with ;  for  apart  from  waters  impregnated  with  gypsum,  whose 
origin  is  readily  understood,  there  are  others  in  which  sulphate 
of  soda  or  sulphate  of  magnesia  enter  largely.  The  soda-salt 
may  sometimes  be  formed  by  the  reaction  between  solution  of 
gypsum  and  natriferous  silicates  referred  to  in  §  7 ;  or  by  the 
aeoomposition  of  gypsum  by  a  solution  of  carbonate  of  soda; 
while  in  other  cases  its  origin  will  probably  be  found  in  the 
natural  deposits  of  sulphates,  such  as  glauberite,  thenardite,  and 
glauber-salt,  which  occur  in  saliferous  rocks ;  a  similar  origin  is 
probable  for  many  of  those  springs  in  which  sulphate  of  mag- 


M 


This  Joanial,  [81,  xxviii,  170. 

QeoL  Surrej  of  Canada,  Report,  1808^56,  p.  468. 
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nesia  predominates.  This  salt  also  effloresces  abundantly  in  a 
nearly  pure  form  upon  certain  limestones,  and  is  in  some  cases 
due  to  the  action  of  sulphate  from  decomposing  pyrites  upon 
magne&ian  carbonate  or  silicate.  In  by  iar  the  greater  number 
of  cases,  however,  its  appearance  is  unconnected  with  any  such 
process;  atid  is,  accordmg  to  Mitscherlich,  due  to  a  reaction  be- 
tween  dolomite  and  dissolved  gypsum. 

§  20.  In  support  of  this  view,  it  was  found  by  the  chemist 
just  named  that  when  a  solution  of  sulphate  of  hme  was  made 
to  filter  for  some  time  through  pulverized  magnesian  limestone, 
it  was  decomposed  with  the  formation  of  carbonate  of  lime  and 
sulphate  of  magnesia.  This  reaction  I  have  been  unable  to  ver- 
ify. A  solution  of  gypsum  in  distilled  water  was  made  to  per- 
colate slowly  through  a  column  of  several  inches  of  finely- 
powered  dolomite;  and  after  ten  filtration?,  occupying  as  many 
days,  no  perceptible  amount  of  sulphate  of  magnesia  had  been 
formed.  Solutions  of  gypsum  were  then  digested  for  many 
months  with  pulverized  dolomite,  and  also  with  crystalline  car- 
bonate of  magnesia,  but^  with  similar  negative  results;  nor  did 
the  substitution  of  a  solution  of  chlorid  of  calcium  lead  to  the 
formation  of  any  soluble  magnesian  salt.  Solutions  of  gypsum 
were  then  impregnated  with  carbonic  acid,  and  allowed  to  remain 
in  contact  with  pulverized  dolomite  and  with  magnesite  as  be- 
fore, during  six  months  of  the  warm  season,  when  only  inap- 
preciable traces  of'  magnesia  were  taken  into  solution.  These 
experiments  show  that  no  decomposition  of  dissolved  gypsum  is 
effected  by  native  carbonate  of  magnesia  or  by  the  double  car- 
bonate of  lime  and  magnesia  at  ordinary  temperatures. 

§  21.  I  find  however  that  hydrated  carbonate  of  magnesia 
readily  completely  decomposes  a  solution  of  gypsum  when  agi- 
tated with  it,  with  formation  of  carbonate  of  lime  and  sulphate 
of  magnesia,  and  the  same  result  is  produced  with  the  native 
hydrdto  of  magnesia  when  mingled  with  a  solution  of  gypsum 
in  presence  of  carbonic  acid.  Now  there  may  be  dolomites 
which  contain  an  admixture  of  hydro-carbonate  of  magnesia,  as 
there  certainly  are  others  which  like  predazzite,  are  penetrated 
with  hydrate  of  magnesia.  The  reaction  between  solutions  of 
gypsum  and  such  magnesian  limestones,  (with  the  intervention 
in  the  case  of  predazzite,  of  atmospheric  carbonic  acid),  would 
suffice  to  explain  the  results  obtained  by  Mitscherlich,  and  the 
Appearance  in  certain  cases  of  sulphate  of  magnesia  as  an  efflo- 
rescence on  dolomites.  In  the  experiments  above  described,  the 
nearly  pure  crystalline  dolomites  from  the  Guelph  and  Niagara 
formations  were  made  use  of. 

§  22.  When  sea-water  is  exposed  to  spontaneous  evaporation, 
the  lime  which  it  contains  separates  in  the  form  of  sulphate,  gyp-  • 
Bum  being  but  sparingly  soluble  in  a  concentrated  brine,  and 
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the  greater  portion  of  the  chlorid  of  sodium  crystallizes  out  ia 
a  nearly  pure  state.  The  mother-liquor  of  specific  gravity  1'24, 
having  lost  about  four-fiflhs  of  its  chlorid  of  sodium,  still  con- 
tains  dissolved  a  large  proportion  of  sulphate  of  mngnesin.  If 
the  evaporation  is  continued  at  the  ordinary  tempeniture,  till  a 
density  of  1*82  is  attaine<l,  about  one-half  o^  the  mngnesian  sul- 
phate separates,  mixed  with  common  salt;  and  by  reducing  the 
temperature  to  6*^  C ,  a  large  portion  of  pure  sulphate  of  mag* 
nesia  now  crystallizes  out  The  further  evaporation  of  the  re- 
maining liquor  by  the  heat  of  summer  causes  the  potassiurp  salts 
to  separate  in  the  form  of  a  hydrous  double  chlorid  of  potassium 
and  magnesium,  an  artificial  cnrnalliie." 

By  varying  somewhat  the  conditions  of  temperature,  the  sul» 
phate  of  mngnesia  and  chlorid  of  sodium  of  the  mother-liquor 
undergo  mutual  decomposition,  with  the  production  of  sulphate 
of  soda  and  chlorid  of  mngnesium.  Hydrated  sulphate  of  soda 
crystallized  out  from  such  a  mixed  solution  at  0°  C.,  and  by  re- 
ducing the  temperature  to  —18**  C.  the  greater  part  of  the  sul- 
phates may  be  separated  in  this  form  from  the  mother-liquor  of 
1*24,  previously  diluted  with  one-tenth  of  water ;  without  which 
addition  a  mixture  of  hydrated  chlorid  of  sodium  would  sepa- 
rate at  the  same  time.  If,  on  the  other  hand,  the  temperature  of 
the  mixed  solution  be  raised  above  60^  C,  the  sulphate  of  soda 
crystallizes  out  in  the  anhydrous  form,  as  thenarditc.  By  the 
spontaneous  evaporation  during  the  he^ts  of  summer  of  the 
mother-liquors  of  density  1'35,  a  double  sulphate  of  potassium 
and  magnesium  separates.  These  reactions  are  taken  advantage 
of  OQ  a  great  scale  in  Balard's  process,  as  modified  by  Merle/' 
for  extracting  salts  from  sea-water. 

§  28.  The  results  of  the  evaporation  of  sea-water  would  how- 
ever be  widely  different  if  an  excess  of  lime-salts  were  present 
In  this  case  the  whole  of  the  sulphates  present  would  be  depos- 
ited in  the  form  of  gypsum  at  an  early  stage  of  the  evaporation, 
and  the  mother-liquor  after  the  separation  of  the  greater  part  of 
the  common  salt,  would  contain  little  else  than  the  chlorids  of 
sodium,  potassium,  calcium,  and  magnesium. 

§  24.  A  consideration  of  the  conditions  of  the  ocean  in  earlier 

'*  Tbe  hjdmu^  double  chlorid  of  poUmiam  and  magnesium  (cnrnallite  of  H.  Rose), 
ooeura  in  \arf:e  quantities  in  a  stratum  of  clay  orerl  vitig  a  great  bed  of  rock-salt  1 00 
feet  tbick,  at  Stassfurth  in  PniSMia.  It  is  associated  with  considerable  quantities  of 
•alphftte  of  magnesia.  According  to  Clemm  this  sulphate  of  magnesia,  to  which 
the  name  of  kicMerite  has  been  given,  and  which  (Kxsurs  also  in  Anhalt,  contains  but 
one  equifalent  of  water,  (MgO,SOq+HO).  It  is  not  more  soluble  than  gjpsum, 
and  unliko  the  ordinary  sulphate  of  magnesia.  loses  the  wliole  of  its  acid  at  a  red 
heat  in  a  current  of  steam,  the  acid  passing  off  undecomposed.  This  salt  is  found 
in  such  large  quantities  as  to  be  of  economic  importance.  (Bull.  Soc  Chim.  de 
Parb,  1864,  p.  297.) 

**  See  my  paper  m  this  Journal,  [2],  zxr,  861 ;  also  Report  of  Juries  of  the  Ez- 
bibitloo  of  1862,  class  u,  p.  48. 
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geological  periods  will  show  that  it  must  have  contained  a  much 
larger  quantity  of  lime-salts  than  at  present  The  alkaline  car- 
bonates, whose  origin  has  been  described  in  §  18,  and  which 
from  the  earliest  times  have  been  flowing  into  the  sea,  have 
gradually  modified  the  composition  of  its  waters,  separating  the 
lime  as  carbonate,  and  thus  replacing  the  chlorid  of  calcium  by 
chlorid  of  sodium,  as  I  have  long  since  pointed  out."  This  re- 
action has  doubtless  been  the  source  of  all  the  carbonate  of  lime 
in  the  earth^s  crust,  if  we  except  that  derived  from  the  decom- 

Eosition  of  calcareous  silicates.  (§  12).  In  this  decomposition 
y  carbonate  of  soda,  as  already  described  in  §  18,  it  results 
from  the  incompatibility  of  chlorid  of  calcium  with  hydrous 
carbonate  of  magnesia,  that  the  lime  is  first  precipitated  with  a 
little  adhering  carbonate  of  magnesia,  and  it  is  only  when  the 
chlorid  of  calcium  is  all  decomposed  that  the  magnesian  chlorid 
is  transformed  into  carbonate  of  magnesia.  This  latter  reaction 
can  consequently  take  place  only  in  limited  basins,  or  in  portions 
cut  off  from  the  oceanic  circulation. 

§  25.  It  follows  from  what  has  been  said  that  the  lime*salt 
may  be  eliminated  from  sea-water  either  as  sulphate  or  as  car- 
bonate. In  the  latter  case  no  concentration  is  required ;  while 
in  the  former  the  conditions  are  two, — a  sufficient  proportion  of 
sulphates  to  convert  the  whole  of  the  lime  into  gypsum,  and 
such  a  degree  of  concentration  of  the  water  as  to  render  this  in- 
soluble. These  conditions  meet  in  the  evaporation  of  modem 
sea- water ;  but  the  evaporated  sea  water  of  earlier  periods,  with 
its  great  predominance  of  lime-salts,  would  still  contain  lar^e 
amounts  of  chlorid  of  calcium,  the  insolubility  of  gypsum  in 
this  case  serving  to  eliminate  all  the  sulphates  from  the  mother- 
liquor.  Evaporation  alone  would  not  suffice  to  remove  the 
whole  of  the  lime-salts  from  waters  in  which  the  calcium  present 
was  more  than  equivalent  to  the  sulphuric  acid ;  but  the  inter- 
vention of  carbonate  of  soda  would  be  required. 

§  26.  In  concentrated  and  evaporating  waters  freed  from 
lime-salts  by  either  of  the  reactions  just  mentioned,  but  still 
holding  sulphate  of  magn^ia,  another  process,  which  I  have 
elsewhere  aescribed,  may  intervene."  The  addition  of  a  solu- 
tion of  bicarbonate  of  lime  to  such  a  solution  gives  rise,  by 
double  decomposition,  to  sulphate  of  lime  and  bicarbonate  of 
magnesia.  The  former  being  much  the  less  soluble  salt,  especially 
in  a  strongly  saline  liquid,  is  deposited  as  gypsum;  ana  subse- 
quently the  magnesian  carbonate  is  precipitated  in  a  hydrous 
»>rm.  The  effect  of  this  reaction  is  to  eliminate  from  the  sea- 
water  both  the  sulphuric  acid  and  the  magnesia,  without  the 
permanent  addition  to  it  of  any  foreign  element 

>*  Cgpadiiin  Journal  for  1868,  p.  202;  this  Joi]roal,[2],  xxv,  102,  find  OompU9 
Rendn$,  June  9,  1862,  p.  1 191.  >*  This  Joamal,  [2],  zxriii,  174. 
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§  27.  Grypsum  may  thus  be  separated  from  sea-water  by  two 
distinct  processes, — the  one  a  reaction  between  sulphate  of  mag- 
nesia and  chlorid  of  calcium,  and  the  other  between  the  same 
sulphate  and  carbonate  of  lime.  The  latter,  involving  a  separa* 
tion  of  bicarbonate  of  magnesia,  can  as  we  have  seen,  only  take 
place  when  the  whole  of  the  chlorid  of  calcium  has  been  elim- 
inated ;  and  if  we  suppose  the  ancient  ocean,  unlike  the  present, 
to  have  contained  more  than  an  eauivalent  of  lime  for  each 
equivalent  of  sulphuric  acid,  it  is  evident  that  a  lake  or  basin  of 
sea-water  free  from  lime  salts  could  only  have  been  produced  by 
the  intervention  of  carbonate  of  soda.  The  action  of  this  must 
have  eliminated  the  whole  of  the  lime  as  carbonate,  or  at  least 
have  so  far  reduced  the  amount  of  this  base  that  the  sulphates 
present  would  be  sufficient  to  separate  the  remainder  by  evapo- 
ration, in  the  form  of  svpsum,  and  still  leave  in  the  mother- 
liquor  a  quantity  of  sulphate  of  magnesia  for  reaction  with  bi- 
carbonate of  lime. 

The  source  of  the  magnesian  carbonate,  whose  union,  under 
certain  conditions,  with  the  carbonate  of  lime  gives  rise  to  the 
dolomite,"  may  thus  be  due  either  to  the  reaction  just  described 
between  bicarbonate  of  lime  and  solutions  holding  sulphate  of 
magnesia,  or  to  the  direct  action  of  carbonate  of  soda  upon 
waters  containing  magnesian  salts ;  but  in  either  case  the  pre- 
vious elimination  of  tne  incompatible  chlorid  of  calcium  must 
be  considered  an  indispensable  preliminary  to  the  production  of 
the  magnesian  carbonate. 

§  28.  To  the  three  principal  sources  of  mineral  matters  in 
mineral  waters  already  enumerated,  viz.,  decaying  organic  mat- 
ters, decomposing  silicates,  and  the  soluble  saline  matters  in 
rocks,  a  few  other  minor  ones  must  be  added.  One  of  these  is 
the  oxydation  of  metallic  sulphurets,  chiefly  iron-pyrites,  giving 
rise  to  sulphate  of  iron,  and  more  rarely  to  sulphates  of  copper, 
zinc,  cobalt  and  nickel;  and  by  secondary  reactions  to  sulphates 
of  alumina,  lime,  magiiesia,  and  alkalies.  This  process  of  oxyd- 
ation is  necessarily  superficial  and  local,  but  the  soluble  sul- 
phates thus  formed  have  probably  played  a  not  unimportant 
part.     (8  9.) 

§  29.  Besides  these  last,  which  contain  chiefly  neutral  and 
acid  salts,  there  is  another  class  of  waters  characterized  by  the 

?resence  of  free  sulphuric  or  chlorhydric  acid,  or  both  together, 
^hese  acid  waters  sometimes  occur  as  products  of  volcanic 
action,  during  which  both  chlorhydric  acid  and  sulphur  are 
often  evolved  in  large  quantities.  This  latter  element  generally 
comes  to  the  surface  as  sulphuretted  hydrogen,  which  by  the 

"  This  Joarnal.  [2],  zxviii,  180-186,  and  further,  Geol.  Surrey  of  Caoada,  Report 
ior  1859,  2U-218. 
Am.  J^u^  Scl— Sboohd  Sebus,  Vol.  XXXIX,  No.  116.— Mibch,  1865. 
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oxjdation  of  the  hydrogen  may  deposit  its  sulphur  in  eraters 
and  fissures.  In  other  cases,  as  shown  by  Dumas,  the  sulphur 
and  hydrogen  may  be  slowly  and  simultaneously  oxydissed  at  a 
low  temperature,  giving  rise  directly  to  sulphuric  acid.  Not  less 
frequent,  however,  is  probably  the  direct  conversion,  by  com- 
bustion of  the  sulphuretted  hydrogen  into  water  and  sulphur- 
ous acid,  which  afterward  absorbing  oxygen  from  the  air  is  con- 
verted into  sulphuric  acid^ 

§  80.  The  source  of  the  hydrochloric  acid  and  the  sulphur  of 
volcanos  is  probably  the  decomposition  of  chlorids  and  sul- 
phates at  hign  temperatures.  It  is  known  that  for  the  decom- 
position of  earthy  chlorids,  water  and  an  elevated  temperature 
are  sufiioient,  and  at  a  higher  temperature,  chlorid  of  sodium  is 
readily  decomposed  in  presence  of  siliceous  and  aluminous  min- 
erals, with  the  intervention  of  water.  Another  agency  which 
probably  comes  into  play  in  volcanic  phenomena  is  that  of 
organic  matters,  which,  reducing  the  sulphates  to  sulphurets, 
enable  the  sulphur  to  be  subsequently  disengaged  as  sulphuret- 
ted hydrogen  by  the  operation  of  water,  either  with  or  without 
the  intervention  of  carbonic  acid  or  of  siliceous  and  argillaceous 
matters.  Even  in  cases  where  this  reducing  action  is  excluded, 
the  ignition  of  sulphates  in  contact  with  earthy  matters  must 
liberate  the  sulphuric  acid  as  a  mixture  of  sulphurous  acid  and 
oxygen ;  and  these  uniting  in  their  distillation  upward  through 
the  strata,  may  give  rise  to  springs  of  sulphuric  acid.**  The  re- 
actions similar  to  those  just  noticed,  involving  borates  like  stass- 
furthite  and  hayesine,  or  boric  silicates  like  tourmaline,  etc.,  nro 
to  be  ascribed  the  large  amounts  of  boric  acid  which  are  sub- 
limed in  some  volcanos,  or  volatilized  with  the  watery  vapor  of 
the  Tuscan  suffioni. 

§  31.  The  action  of  subterranean  heat  upon  buried  strata  con- 
taining sulphates  and  chlqrids  is  then  sufficient  to  explain  the 
appearance  of  hydrochloric  and  sulphurous  acids  and  sulphur, 
even  without  the  intervention  of  organic  matters,  which  are, 
however,  seldom  or  never  wanting ;  whether  as  coal,  lignite,  bi- 
tumen, and  pyroschists,  or  in  a  more  divided  condition.  The 
presence  of  hydrogen  and  of  marsh-gas,  as  observed  by  Deville 
among  volcanic  products,  is  an  evidence  of  this.  The  genera- 
tion of  marsh-gas,  is,  however,  in  most  cases  clearly  unconnected 
with  volcanic  action  or  subterranean  heat. 

To  the  decomposition  of  carbonates  in  buried  strata  by  siliceous 
matters,  with  the  aid  of  heat,  is  to  be  ascribed  the  great  amounts 
of  carbonic  acid  gas  which  are  in  many  places  evolved  from  the 
earth,  and  impregnating  the  infiltrating  waters,  give  rise  to  acid- 
ulous springs.  The  principal  sources  of  this  gas  in  Europe  are 
in  regions  adjoining  volcanos,  either  active  or  recently  extinct; 

**  Se«  (be  note  to  §  S2,  on  kieserite. 
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bnt  their  occurrence  in  the  Poleozoio  strata  of  the  United  States, 
far  remote  from  any  evidence  of  volcanic  phenomena  other  than 
slightly  thermal  springe,  shows  that  an  action  too  gentle  or  too 
deeply-seated  to  manifest  itself  in  igneous  eruptions,  may  evolve 
carbonic  acid  abundantly.  The  sulphuric-acid  springs  of  Western 
New  York  and  Canada,  to  be  described  further  on,  are  not  less 
remarkable  illustrations  of  the  same  fact. 

§  82.  The  frequent  presence  of  ammoniacal  salts  in  volcanic 
exhalations  is  here  worthy  of  notice,  especially  when  considered 
in  connection  with  the  rarity  of  nitric  and  ammoniacal  com- 
pounds  in  natural  waters,  except  in  some  local  conditions,  as  in 
the  wells  of  cities,  etc.,  where  they  are  sometimes  observed  in 
comparatively  large  amounts.  The  explanation  of  this  is  evi* 
dent ;  for  although  nitrates  themselves  are  not  directly  removed 
from  the  water,  Uiey  are  by  the  reducing  action  of  organic  mat- 
ters converted  into  ammonia,  which  is  retained  by  the  soil.  In 
consequence  of  this  affinity,  the  argillaceous  strata,  whether  of 
the  present  period  or  of  older  formations,  hold  in  a  very  fixed 
form  a  considerable  quantity  of  nitrogen.  This,  from  the  slow- 
ness with  which  it  is  eliminated  in  the  form  of  ammonia  under 
the  influence  of  alkaline  solutions,  probably  exists  as  an  am- 
moniacal silicate,  (§  6).  The  action  of  acids,  however,  as  well 
as  alkalies  may  be  supposed  to  liberate  it  from  its  combination, 
and  thus  generate  the  ammoniacal  salts  which  are  such  frequent 
accompaniments  of  volcanic  phenomena.  The  numerous  exper- 
iments of  Delesse  show  that  ammonia,  or  at  least  nitrogen  capa- 
ble of  being  evolved  by  heat  and  alkalies  in  the  form  of  am- 
monia, is  present  in  the  limestones,  marls,  argillites,  and  sand- 
stones of  former  geological  periods,  in  quantities  scarcely  inferior 
to  those  in  similar  deposits  of  modern  times,  amounting  for 
most  of  the  ancient  sedimentary  strata  to  from  one  to  five  ' 
thousands  of  nitrogen ;"  from  which  it  will  be  seen  that  the 
amount  of  this  clement  thus  retained  in  the  rocky  strata  of  the 
earth's  crust  is  very  great.** 

§  33.  If  we  attempt  a  chemical  classification  of  natural  waters 
in  accordance  with  the  principles  laid  down  in  the  preceding 
sections  they  may  be  considered  under  the  following  heads : 

A.  Atmosplierio  waters. 

B.  Watera  impregnated  with  tlie  soluble  products  of  vegetable  decay. 

C.  Waters  impregnated  with    the  salts  from  decomposing  feldspalhic 

rucks,  and  holding  a  portion  of  carbonate  of  soda  as  a  characteristic 
ingredient. 

D.  Waters  holding  neutral  salts  of  sodium,  calcium  or  magnesium  from 

strata  where  Uiey  existed  as  solid  salts,  or  as  impregnating  brines. 

"  Ann.  dpB  Mines,  [5],  xviii,  161-628. 

"  Fur  an  exposition  of  the  views  put  forward  in  the  four  preceding  sectiont,  tee 
mj  paper  in  the  Canadian  Journal  for  1868,  p.  206. 
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£.  Waters  holding  chiefly  sulphates  from  decomposing  pyrites ;  copperas 

and  alum  waters. 
F.  Waters  holding  free  sulphuric  or  chlorhydric  acid. 

§  34.  The  name  of  mineral  waters  is  popularly  applied  only 
to  such  as  contain  sufficient  foreign  matters  to  give  tnem  a  de- 
cided taste ;  and  hence  the  waters  of  the  divisions  A  and  B,  and 
many  of  the  feebler  ones  of  C  and  D,  are  excluded.  Those  of 
E  and  F  have  peculiar  local  sources ;  but  those  of  C  and  D  are 
often  associatea  in  adjacent  geological  formations,  and  their  com- 
mingling in  various  proportions  gives  rise  to  mineral  waters-in- 
termediate in  composition.  In  accordance  of  these  considera- 
tions, a  classification  of  mineral  waters  for  technical  purposes 
was  adopted  by  me  in  The  Oeology  of  Canada,  p.  531,  including 
only  those  of  C,  D,  and  F^  which  were  aiTanged  in  six  classes. 

I.  Saline  waters  containing  chlorid  of  sodium,  often  with   large  portions 

of  cblorids  of  calcium  and  magnesium^  with  or  without  sulphates. 
The  carbonates  of  lime  and  magnesia  are  either  wanting,  or  present 
only  in  small  quantities.  These  waters  are  generally  bitter  to  the 
taste,  and  may  be  designated  as  brines  or  bitterns. 

II.  Saline  waters  which  diiier  from  the  last  in  containing  besides  the 

chlorids  just  mcniidned,  considerable  quantities  of  carbonates  of 
lime  and  magnesia.  These  waters  generally  contain  much  smaller 
proportions  of  earthy  chlorids  than  t^e  first  class,  and  are  hence  less 
bitter  to  the  taste. 
UL  Sah'ne  waters  which  contain,  besides  chlorid  of  sodium  and  the  car- 
bonates of  h'me  and  magnesia,  a  portion  of  carbonate  of  soda. 

IV.  Waters  which  differ  from  the  last  in  containing  but  a  small  propor- 
tion of  chlorid  of  sodium,  and  in  which  the  carbonate  of  soda  pre- 
dominates. The  waters  of  this  class  generally  contain  much  lest 
solid   matter  than  the  three  previous  classes,  and  have  4iot  a  very 

,         marked  taste  until  evaporated  to  a  small  volume,  when  they  will  be 
found,  like  the  last,  to  be  strongly  alkaline. 

Of  these  four  classes,  I  corresponds  to  the  division  D,  and  lY 
to  C,  v/hile  II  and  III  are  regarded  as  resulting  from  the  admix- 
ture of  these  in  varying  proportions.  Sulphates  are  sometimes 
present  in  these  waters,  but  never  predominate ;  in  their  absence, 
salts  of  barium  and  strontium  are  often  met  with.  The  chlorids 
are  generally,  if  not  always,  associated  with  bromids  and  iodids. 
Small  quantities  of  potassium  salts  are  also  present,  while  borate^ 
phosphates,  silicates,  and  small  portions  of  iron,  manganese  and 
alumina  are  generally  present.  These  various  waters  are  occa- 
sionally sulphurous,  and  those  of  the  last  three  classes  may  be 
impr^nated  with  carbonic  acid. 

V.  The  fifth  class  includes  acid  waters  remarkabie  for  containing  a  large 

proportion  of  free  sulphuric  acid,  with  sulphates  of  lime,  magnesia, 
portions  of  iron,  and  alumina.  These  waters,  which  are  character- 
ized by  (heir  sour  and  styptic  taste,  generally  contain  tome  sulphur- 
.etted  iiydrogen. 
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YL  The  sixth  clnss  includes  some  neutral  saline  waters,  in  which  the 
sulphates  of  Jime,  magnesia,  and  the  alkalies  predominate,  chlorids 
being  present  only  in  small  quantities.  These  waters,  like  ihe  last, 
are  often  impregnated  with  sulphuretted  hydrogen. 

The  above  classification,  although  adopted  originally  for  the 
convenient  description  of  the  mineral  waters  of  Canada,  will,  it 
is  thought,  be  found  to  embrace  all  known  classes  of  natural 
waters,  with  the  exception  of  those  included  under  E,  and  some 
waters  from  volcanic  sources  holding  muriatic  acid.  These  may 
constitute  two  additional  classes.  In  the  first  three  of  the  classes 
above  described,  chlorids  predominate;  in  the  fourth,  carbon- 
ates; and  in  the  fifth  and  sixth,  sulphates.  The  waters  of  the 
first,  second,  and  sixth  classes  are  neutral ;  those  of  the  thir4 
and  fourth,  alkaline;  and  those  of  the  fifth  acid. 

The  results  of  the  chemical  analysis  of  various  waters  of  these 
classes  it  is  proposed  to  give  in  the  second  part  of  this  paper. 


Art.  XXIII. — Abstract  of  a  Memoir  on  Shooting  Stars ;   by 
•    H.  A.  Newton. 

(Read  before  the  National  Academy  of  Sciences,  August,  S(b,  1864.)^ 

1.  The  periodical  shooting  stars,  particularly  those  of  August 
and  November,  have  hitherto  very  naturally  attracted  more  at- 
tention than  the  sporadic  ones,  those  seen  on  every  clear  night 
throughout  the  year.  Yet  these  latter  are  objects  of  no  small 
interest  There  are  methods  of  observing,  and  of  computation, 
by  which  much  can  be  learned  about  them,  and  observations 
already  made  are  of  use  in  determining  something  of  their  num- 
bers, and  of  their  place  in  the  Solar  System.  I  propose  to  com- 
bine these  existing  materials,  and  see  to  what  they  lead  us.  If  it 
shall  appear  that  I  use  rude  processes  and  inexact  data,  and  re- 
ject terms  of  considerable  importance,  I  must  plead  that  it  is  a 
step  forward  to  do  anything  in  this  direction,  and  express  thehope 
that  better  data  will  soon  warrant  the  use  of  more  refined  pro- 
cesses. It  will  be  necessary  to  assume  certain  propositions  which 
are  not  probably  strictly  true,  and  others  which  may  not  be  uni- 
versally conceded.  Such  assumptions  are  however  very  dis- 
tinctly set  forth,  that  future  observations  may  correct  tfiem  if 
erroneous,  and  verify  them  if  true.  The  details  of  many  of  the 
arguments  iire  necessarily  omitted  in  this  abstract. 

The  table  of  altitudes  of  the  paths  of  shooting  stars  published 
in  the  last  volume  of  this  Journal,  p.  185,  is  the  basis  of  the  com- 
putations.   Singly,  these  altitudes  are  liable  to  large  probable 

'  From  the  Proceedioga  of  the  Academy :  published  by  permisaion. 
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errors;  yet,  taken  together  and  used  with  caution,  it  is  believed 
that  they  may  be  safely  employed  in  a  first  approximation. 

2.  Distribution  vertically  of  Vie  middle  points  ofOie  luminous  par* 
lions  of  the  meteor-paths. — From  the  table  named,  by  rejecting 
the  manifestly  unreliable  cases,  and  giving  weight  to  the  others, 
the  following  numbera  are  obtained  to  express  the  relative  num- 
bers of  the  shooting  stars  at  different  altitudes  above  the  earth's 
surface.  By  altitude  is  meant  the  altitude  of  the  middle  point 
of  the  visible  part  of  the  path  expressed  in  kilometers. 


Between     0  and    80  kil.    89  ah.  stars, 

«•  80    **      60         114      " 

«•  60    "      00         248      •• 

90    "    120         277      *• 

••         120    «*    160         106      *• 


Between  150  an«l  180  kiL  67  sh.  itan. 
180    "    210        20      - 
210    •'    240        20      " 
240    «*   270         8      " 

Above      270  kil.  12      ** 


There  is  evidently  a  definite  upper  limit  to  the  region  of  me- 
teor-paths. Again,  the  best  observations  give  few  if  any  very 
low  altitudes.  The  altitudes  less  than  80  kilometers,  and  th(^e 
greater  than  180,  are  therefore  disregarded. 

I  assume  that  these  observed  paths  are  fair  examples  as  to  al- 
titude of  all  visible  paths,  and  hence  that  the  frequency  of  the 
middle  points  of  all  visible  paths  at  different  altitudes  above  the 
earth's  surface  is  proportional  to,  and  may  be  expressed  by,  these 
numbers,  viz: 

From 


80 

kilometers 

to 

60 

by 

114 

60 

«( 

« 

90 

u 

248 

90 

M 

M 

120 

l< 

277 

120 

M 

tt 

160 

<l 

106 

160 

t« 

« 

180 

M 

67 

Bepresenting  these  numbers  by  q.  and  the  mean  altitude  of 
the  paths  by  rf,  we  have  approximately, 

where  in  the  finite  summation  indicated  by  s  the  successive 
values  of  q  are  to  be  taken,  and  x  is  to  be  successivclv  ^(80-1- 
60),  i(60+90),  i(90-M20),  &c.  The  value  of  rf,  that  is,  the 
mean  altitude  of  meteor  paths  above  the  earth's  surface,  is  thus 
found  to  be  95*55  kilometers,  or  not  quite  60  miles. 

3.  Distribution  of  the  paths  of  Shooting  Stars  over  the  apparent 
heavens  in  aziraufJu — Theoretical  considerations  seem  to  require 
that  the  meteors  should  be  nearly  uniformly  distributed  in  azi- 
muth. Observations  confirm  this.  Collating  the  observations  of 
Mc.  Herrick  and  others,  as  published  in  this  Journal,  and  pre- 
serving those  only  in  which  the  heavens  were  divided  into  lour 
parts,  we  have  of  6,598  observed  paths,  800  in  N.,  788  in  N.E., 
965  in  E.,  862  in  S.E.,  847  in  S.,  833  in  S.W.,  889  in  W.,  and 
679  in  N.W.  These  numbers  imply  a  small  predominance 
toward  the  southeast    Since  the  average  zenith  distance  of  the 


Digitized  by  VjOOQ IC 


H.  A.  Newton  on  Shooting  Stars. 


195 


middle  poimts  of  paths  is  about  48^8,  the  above  numbers  give  as 
a  ceuter  of  gravity,  or  center  of  distribution,  a  point  about  2° 
from  the  zenith  in  the  direction  of  S.  28°  E.  We  therefore  con- 
clude that  the  relative  frequency  of  occurrence  of  meteor-paths 
in  di£Eerent  parts  of  the  visible  heavens  is  in  the  main  a  func- 
tion of  zenith  distance  only, 

4.  Distribution  of  meteor-paths  ovtr  tlie  shj  in  altitude, — The  law 
distributioQ  of  the  p&ths  in  apparent  altitude  may  be  obtained 
directly  by  observations  properly  devised  for  that  object  But 
such  observations  would  have  to  be  continued  for  a  considerable 
time,  and  would  involve  great  labor.  I  have  therefore  sought 
for  a  method  of  obtaining  the  approximate  law  of  distribution 
from  observations  already  made  for  other  purposes. 

If  the  zenith  distances  of  a  large  number  of  paths  seen  by 
one  observer  were  measured  or  computed,  we  should  find  them 
affected  by  his  habits  of  watching.  Thus,  one  who  looked 
habitually  to  the  zenith  wonld  see  only  those  near  that  point, 
while  one  looking  low  down  would  see  few  near  the  zenith. 
But,  combining  the  observations  of  a  large  number  of  persons, 
we  might  hope  that  many  of  these  individual  habitudes  would 
counteract  each  other,  and  that  the  aggregate  results  would  be 
affected  only  by  common  errors.  I  have  therefore  taken  for  this 
purpose  various  sets  of  observations  made  by  about  forty  differ- 
ent persons.  For  a  part  the  distances  of  the  middle  points  of 
several  paths  from  the  zenith  for  the  instant  of  appearance  were 
computed.  For  the  remainder  the  place  of  the  zenith  was  in 
each  case  computed,  and  the  zenith  distance  carefully  measured 
on  a  very  good  sixteen-inch  globe.  The  number  of  paths  thus 
computed  or  measured  was  1,393.  Of  these,  30  were  within  10° 
of  tlie  zenith,  60  were  between  10°  and  20**  from  the  zenith,  142 
between  20°  and  80°,  &c.,  as  in  the  second  column  of  the  follow- 
ing table : — 

Thbh  iU^atnUing  the  distribution  of  meteorptUh*  over  the  $ky. 


Zenith 

Naof 

meteom. 

Area 
of  «ky. 

No. 

Are*. 

SecSe. 

No. 

Area  iec^i 

o     o 
O-IO 

80 

•01519 

1976 

V0\2 

1951 

10-20 

.     60 

•04612 

1880 

MIO 

1198 

20-30 

142 

•07866 

1928 

1-848 

ui^e 

80-40 

197 

•09999 

1970 

1-819 

1088 

40-60 

•   274 

•12826 

2228 

2^828 

786 

60-SO 

804 

.14279 

2129 

5-299 

402 

60-70 

245 

•16798 

1561 

18  25 

117 

70-80 

110 

•16887 

658 

67-68 

11 

80-90 

81 

•17366 

178 

1610 

0 

If  the  area  of  the  visible  hemisphere  is  unity,  the  numbers  in 
the  third  column  give  the  areas  of  the  corresponding  zones. 
The  number  of  paths  divided  by  the  areas  gives  quotients  pro- 
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portional  to  the  numbers  of  stars  at  different  altitudes  to  any 
unit  of  surface.  These  form  the  fourth  column.  They  increase 
slowly  to  about  45^,  and  then  rapidly  diminish  to  the  horizon. 

The  number  of  paths  along  an  oblique  line  is  greater  than 
that  along  a  perpendicular  line.  They  should  be  very  nearly  as 
the  cubes  of  the  lengths  of  the  lines,  or,  disregarding  the  curva- 
ture of  the  earth,  as  sec^d:  1.  The  cubes  of  the  secants  of  5% 
15°,  25°,  &c.,  are  given  in  the  fifth  column,  these  angles  bein^ 
taken  as  the  mean  zenith  distances  of  the  zones.  In  the  sixth 
column  are  the  quotients  of  the  numbers  in  the  fourth  column 
divided  by  those  in  the  fifth. 

Under  any  reasonable  law  the  numbers  in  the  last  column 
should  diminish  from  the  zenith.  The  deviations  from  this  uni* 
form  diminution  that  appear  in  the  table  are  due  in  part  to  the 
small  number  of  paths  measured.  The  first  number  represents 
a  small  area,  and  should  perhaps  be  combined  with  the  second. 
Upon  the  whole,  there  seems  to  be  a  deficiency  near  the  zenith, 
which  may  be  due  to  the  tendency  of  observers  to  look  habitu- 
ally towards  points  from  80°  to  60°  high. 

From  inspection  of  this  column,  and  from  considerations  de- 
tailed in  the  memoir,  1,800  is  thought  to  be  a  reasonable  number 
to  assume  as  that  to  which  the  series  approaches.  The  product 
1,800  X  sec«  6°  X  -01519  =  27-67,  would  then  give  the  number 
of  shooting  stars  out  of  1,393  that  should  be  seen  within  10°  of 
the  zenith.  This  is  equivalent  to  6ne  in  5035.  That  is,  aboiU 
one  in  fifty  of  all  shooting  stars  seen  at  a  place  should  have  the  mid- 
die  points  of  tlieir  apparent  paths  within  10°  of  the  zenith. 

5.  Number  of  shooting  stars  t/mt  come  into  Hie  atmosphere  each 
(fay.— rShooting  stars  are  seen  in  all  countries,  and  any  differences 
of  number  for  different  countries,  thus  far  detected,  may  be  easily 
explained  by  the  personal  equations  of  observers,  or  by  differ- 
ences in  the  clearness  of  the  atmosphere.  It  will  be  assumed 
that  for  a  given  considerable  period  of  time  the  meteors  are  equally 
abundant  over  all  parts  of  the  earth's  surface. 

Their  frequency  at  different  altitudes  from  the  surface  of  the 
earth  varies.  If  we  suppose  q^  to  be  the  number  of  middle 
points  of  visible  paths  that  fall  in  a  given  period  of  time  into 
any  cubic  unit  of  the  space  of  the  region  of  meteor-paths,  we 
should  have  ^,  a  function  of  the  altitude  above  the  earth  s  surface. 
Let  X  represent  the  altitude,  and  B  the  earth's  radiu^  Suppose 
now  an  inverted  cone,  whose  vertex  is  at  the  eye  of  the  observer, 
whose  axis  is  a  vertical  line,  and  whose  semi-vertical  angle  is 
10°.  In  general,  shooting  stars  which  have  the  middle  points  of 
luminous  parts  of  their  trajectories  in  this  cone  will  have  the 
middle  of  their  apparent  paths  within  10°  of  the  zenith.  The 
number  in  this  cone  in  the  given  time  will  be  expressed  very 
nearly  by  the  formula, 
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/"^' 


tan210'«2rf«, 


where  a  and  b  are  the  values  of  x  for  the  lower  and  upper  sur- 
faces of  the  region  of  meteors. 

On  the  other  hand,  the  tot^l  number  of  shooting  stars  within 
the  given  period  over  the  whole  earth  will  be  equal  to 


J? 


The  whole  number  visible  at  one  place  is  60*85  times  the 
number  seen  withih  10^  of  the  zenith,  and  therefore  60*85  times 
the  number  within  the  above  described  cone.  Hence  if  m  is  the 
number  in  a  given  period  visible  atone  place,  and  N  the  num- 
ber that  would  be  visible  (except  for  d!ajlight,  clouds,  moon, 
&c:,)  through  the  whole  earth  in  the  same  period,  we  should 
have, 


N=  — 
60-35 


r 
J:'^ 


tan210*«2rfa? 


Now  9,  is  a  function  of  x,  and,  assuming  as  heretofore  that 
the  observed  altitudes  are  fair  examples  of  the  real  altitudes,  we 
shall  have  ^,  =^,  where  i  is  a  constant  depending  on  the  period 
of  time  assumed,  the  unit  of  space  assumed,  and  the  abundance 
of  meteors.  As  we  have  assumed  an  equable  distribution  over 
the  earth's  surface,  this  constant  may  be  removed  from  the  in- 
tegral sign.  Again,  without  great  error  finite  sunmiation  may 
take  the  place  of  integration,  in  which  case  the  equation  easily 
reduces  to  the  forna, 

N  =  2-555  m^°      ^      ~,^     ^ — :f^- 

Taking  x  successively  45,  75,  105,  135,  and  165  kilometers, 
and  9  also  114,  243,  277,  106,  and  57,  and  E  equal  to  6870, 
we  find 

N  =  10,460  m, 
that  is,  the  nurnber  over  the  whole  earth  is  to  he  considered  as  10,460 
times  the  number  visible  at  one  place,    * 

To  obtain  this  result,  it  was  assumed  that  the  shooting  stars 
were  uniformly  distributed  over  the  earth's  surface,  and  that  the 
conditions  of  visibility  are  uniform.  If,  however,  we  regard 
the  actual  instead  of  the  theoretical  case,  we  find  that  the  num- 
bers seen  vary  through  the  hotlrs  of  the  night.  The  rapid  dim- 
inution toward  the  horizon,  already  shown,  indicates  tne  great 
influence  of  mists,  &c.,  in  the  air,  in  absorbing  the  light  of  these 
bodies.  But  for  this  cause,  many  more  could  be  seen  within  ten 
Am.  Jour.  Soi.--SBCOjn>  Sbbegs,  Vol.  XXXIX,  No.  116.— Maboh,  1865. 
26 
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degrees  of  the  horizon  than  in  the  whole  of  the  rest  of  th« 
heavens;  whereas  of  1893  only  81  were  actually  seen  in  this 
part  of  the  sky.  These  mists  must  of  course  vary  in  different 
climates.  Hence  the  numbers  visible  in  different  places  may 
reasonably  be  expected  to  differ.  Let,  however,  a  locality  have 
an  atmosphere  of  mean  purity,  let  it  in  other  respects  be  one  of 
medium  character  with  respect  to  the  number  of  visible  meteor- 
paths,  and  let  m  be  the  mean  hourly  number  of  shooting  stars 
seen  in  a  clear  sky  at  that  place :  then  we  may  consider  that  the 
whole  number  that  under  clear  skies  could  be  seen  over  the 
earth  in  one  hour  would  be  10,460  m. 

The  value  of  m  is  of  course  to  be  determined  by  observation. 
The  hourly  number  varies  through  the  night  The  value  of  m 
may  be  found  from  observations  extending  through  the  night,  or 
from  those  made  near  midnight. 

Mr.  E.  Bouvard,  in  the  year  between  Oct,  1840,  and  Oct,  1841, 
observed  at  Paris  on  every  clear  moonless  night  {Comptes 
Bendus,  xiii,  1029).  He  always  watched  between  11  and  1 
o'clock.  During  74  hours  and  22  minutes  he  saw  672  shooting 
stars.  Allowing  one-fourth  of  a  minute  for  recording  each  meteor 
(which  is  the  time  estimated  by  him),  and  we  have  an  average 
of  8  meteors  per  hour. 

By  what  factor  we  must  multiply  the  number  seen  by  one  ob- 
server to  obtain  the  whole  number  visible  at  the  place,  we  have 
no  observations  that  I  know  of  to  determine.  It  is  probable  that 
this  multiplier  is  as  large  as  four,  and  that  thirty  is  therefore  not 
too  large  for  the  mean  value  of  m. 

This  would  give  the  average  number  of  meteors  that  traverse 
the  atmosphere  daily,  and  that  are  large  enough  to  be  visible  by 
the  naked  eye,  if  the  sun,  moon  and  clouds  would  permit,  equal 
to  80  X  24  X  10,460,  or  more  than  seven  and  a  half  millions. 

6.  It  will  now  be  assumed  that  the  phenomenon  called  a  shooting 
or  falling  star  is  caused  by  a  small  body  (probably  a  solid)  which 
originally  was  moving  in  its  own  orbit  in  the  solar  system,  or  in 
space ;  that  this  body  coming  into  the  atmosphere  of  the  earth 
elicits  light  by  the  loss  of  velocity,  and  is  usually  itself  dissipated 
before  reaching  the  earth's  surface.  The  term  meteoroid  will  be 
used  to  designate  such  a  l^y  before  it  enters  the  earth's  atmos- 
phere. 

7.  Number  of  meteoroids  in  the  space  which  the  eartli  traverses. — 
Suppose  many  small  bodies  to  be  distributed  through  an  indefi- 
nite space,  so  that  there  shall  be  n  bodies  in  a  cubic  unit  Sup- 
pose tnat  these  bodies  have  all  an  uniform  velocity  of  v  units 
per  second  in  the  same  direction.  Suppose  a  larger  sphere 
whose  radius  is  B,  and  which  is  without  attraction,  to  be  at  rest 
in  this  space.  The  sphere  intercepts  in  each  second  as  manv 
small  bodies  as  are  contained  in  a  right  cylinder,  whose  lengtn 
is  t;,  and  whose  radius  is  R,  that  is  ^R'nv  bodies. 
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If  the  sphere  attracts  the  small  bodies,  it  may  be  shown  that  • 

instead  of  wE^nv  we  should  have  ^R^wv  (H — ~J,  when  v,  is 

the  velocity  of  a  particle  falling  by  the  attraction  of  the  sphere 
from  rest  at  iDfinity,  to  the  sniface  of  the  sphere.  If  the  sphere 
has  an  uniform  motion  th^  same  formula  applies  by  makmg  v 
the  velocity  relative  to  the  sphere. 

This  result  may  be  extended  to  several  systems  of  small  bod- 
ies. Let  there  be  distributed  through  the  indefinite  space,  in 
eaeh^nitof  it,  n'  bodies  of  one  system,  n"  bodies  of  a  second 
system,  n'"  bodies  of  a  third  system,  and  so  forth,  and  let  the 
todies  of  the  first  system  move  in  one  direction  with  a  velocity 
1/  relative  to  the  sphere,  let  the  bodies  of  the  second  system 
move  in  another  direction  with  a  velocity  v"  relative  to  the 
Inhere,  and  so  forth,  then  will  the  number  of  bodies  which  the 
sphere  intercepts  in  each  second  be  equal  to 

*R««v(l+^')+«R»n"«"(l+g)+«R»»"',"'(l+^^)+«to. 
X!all  this  N'  and  we  may  write, 


W=nVi^fSnW+v^S'^)j, 


where  the  summation  indicated  by  S  extends  to  all  the  systems 
xrf-bodies. 

K  V  is  the  mean  value  of  v',  v",  &c.,  for  all  the  bodies  and  n 
IS  the  sum  of  n'+n"+n'"+&c.,  then 

The  remaining  term  is  the  sum  of  fractions  whose  denoiTiin^o 
tors  vary.    We  may,  however,  write, 

Avhere  <9  is  a  number  and  is  evidently  positive.  If  the  values  of 
t/,  v"^  t/",  &c.,  ao  not  vary  widely,  0  will  be  small.  Majcing  these 
-substitutions,  we  have 

N/=^(v»+t.,t+(?,^2). 

This  formula  expresses  the  number  of  njeteoroids  jyhich  the 
earth  intercepts  by  considering  the  earth  with  its  atmosphere  as 
the  supposed  sphere,  R  its  radius  measured  from  the  upper  part 
of  the  region  of  meteor-paths^  V  the  average  velocity  of  the 
meteoroids  when  they  come  into  the  region  of  the  garth's  sensi- 
ble attraction,  v^  the  velocity  of  a  body  falling  by  the  earth's 
attraction  from  infinity  to  a  distance  R  from  the  centre  of  the 
earth,  N'  the  average  number  of  meteoroids  coming  into  the 
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earth's  atmosphere  in  a  second,  and  n  the  average  number  in  a 
cubic  unit  of  the  space  the  earth  is^  traversing  in  a  given  period. 
If  m  be  the  average  number  visible  at  one  place  in  a  unit  of 
time  we  have  found  above  that  N=10,460m.  The  volume  of  a 
sphere  whose  radius  is  B  is  |7rR».  Let  M  be  the  number  of 
meteoroids  in  a  space  equal  to  such  a  sphere,  then  M=|^nR',  and 

10460  fn=zi^  {y2^v^2^V^2)^ 

.,      .      10460t»Rv 

where  m  denotes  the  average  number  (or  fraction  of  a  number) 
seen  in  one  place  per  second.    If  the  hourly  number  is,  as  before 

Rv 
assumed,  equal  to  30,  then  m=j^^,  and  M=116*2   a  i     a/TX^V 

8.  The  mean  length  of  apparent  paths. — I  have  computed  or 
measured  the  lengths  of  1016  paths,  observed  by  a  large  number 
of  persons.    The  mean  length  is  found  to  be  12°-,6. 

y.  Numbers  of  Telescopic  shooting  stars. — Shooting  stars  are  of 
all  degrees  of  brilliancy,  and  there  are  many  very  fiunt  ones. 
Almost  every  hour  that  a  person  watches,  he  sees,  or  thinks  he 
sees,  flights  that  are  yet  so  faint  as  to  leave  him  in  doubt  whether 
they  are  shooting  stars,  or  only  illusions.  We  may  therefore 
reasonably  conclude  that  large  numbers  of  shooting-stars  are  en- 
tirely invisible  to  the  naked  eye,  which  yet  might  be  seen  by  the 
telescope. 

This  conclusion  is  verified  by  observation.  In  ,1854,  Messrs. 
Pape  and  Winnecke  observed*  together  at  Gottingen  for  82 
hours,  on  nights  between  the  24th  of  July  and  the  8d  of  August. 
Pape  saw  with  the  naked  eye  312  shooting  stars,  and  Winnecke 
saw  45  in  the  same  time  with  a  comet  seeker.  The  diameter  of 
the  field  of  view  is  not  given,  but  in  observations  at  the  same 
time  diameters  of  53'  and  SO',  with  powers  of  30  and  60,  were  used. 

If  the  apparent  length  of  a  meteor-path  is  I  and  the  breadth  of 
the  field  of  view  of  a  telescope  is  6,  and  if  the  %xis  of  the  tet 
escope  is  directed  towards  any  part  of  the  area  whose  length  is 
/,  and  whose  breadth  is  J,  the  meteor-path  would  cross  the  field 
of  view.  If  all  paths  were  of  the  same  length,  6,  and  were 
equally  distributed  over  the  heavens,  a  telescope  would  then 
command  a  portion  of  the  whole  heavens  expressed  by  the 
fraction  lb  -r-  surface  of  sky.  Meteor-paths  diminish  somewhat 
in  length  with  apparent  brightness.  On  the  other  hand  a  path 
may  perhaps  be  longer  when  viewed  by  aid  of  the  telescope  than 
when  seen  by  the  naked  eye.  Hence  for  the  approximate  meaa 
value  of  I  may  be  taken  12°*6,  the  mean  value  of  the  length  of 
the  apparent  meteor-paths  visible  to  the  naked  -eye.  Let  b  be  5S' 

*  Astron.  Nachrichten,  xxzix,  118. 
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and  ibe  ratio  of  those  actually  seen  tbrongh  one  telescope  to 
those  which  are  bright  enough  to  be  visible  in  it  is  58  X  12^*6 : 
860  X  60  X  180  -r  n,  or,  1 :  1858.  I  have  selected  the  larger 
diameter  of  the  telescope  that  the  ratio  may  not  be  too  large. 
For  the  same  reason  I  prefer  to  reject  in  the  divisor  that  part  of 
the  surface  of  the  heavens  witmn  15®  of  the  horizon.  This 
makes  the  ratio  1  -^  1871. 

We  have  seen  that  according  to  Bouvard's  observations  one 

E^rson  should  see  an  average  of  eight  shooting  stars  per  hour, 
ence  if  jVj  is  taken  as  the  ratio  of  the  number  seen  in  a  comet 
seeker  to  those  seen  by  one  person  with  the  naked  eye,  there 

Q    w    Am    vv    lO^I 

should  be  in  each  hour -— ,  or  1582  shooting  stars 

hourly  that  might  be  visible  through  a  comet  seeker  if  the  whole 
heavens  could  be  watched.  The  ratio  between  those  visible  at 
one  place  and  those  visible  somewhere  over  the  whole  earth  is 
1  -r  10,460  for  common  meteors.  If  the  same  ratio  applies  to 
telescopic  shooting  stars  (doubtless  not  a  very  reasoDable  suppo- 
sition), we  have  for  the  whole  number  of  meteoroids  coming 
daily  into  the  air,  at  least,  1582  X  24  X  10460,  or  more  than 
400.000,000.  There  is,  moreover,  no  reason  to  doubt  that  a 
fitrther  increase  of  optical  power  would  reveal  still  larger  num- 
bers of  these  small  bodies. 

10.  Mean  distance  of  the  meteor-paths  from  an  observer, — Although 
the  data  in  our  possession  are  inadequate  to  furnish  the  mean 
distance  of  the  meteor-paths  from  an  observer,  yet  limits  to  this 
mean  distance  can  be  obtained.  Not  so  large  a  portion  of  the 
meteor-paths  along  an  oblique  line  can  be  seen  as  along  a  verti- 
cal line.  Now  from  the  distribution  of  the  paths  in  absolute 
altitude,  and  their  distribution  over  the  apparent  heavens,  can  be 
computed  the  mean  distance  on  either  of  two  suppositions : 

1st,  That  xhose  paths  along  the  oblique  line  that  become  in- 
visible are  always  the  most  distant  ones ; 

2d,  That  the  paths  which  become  invisible  are  distributed 
along  the  oblique  line  in  proportion  to  the  numbers  along  the 
line. 

It  is  evident  that  the  first  supposition  affords  a  mean  distance 
less  than  the  truth,  and  that  the  second  affords  one  that  is  too 
great  These  two  limits  are  found  to  be  about  232  and  14^  kilo- 
meters. It  must,  however,  be  admitted^hat  in  this  computation 
the  unavoidable  errors  arising  from  using  finite  summation  for 
integration,  and  from  other  sources,  are  considerable. 

11.  Mean  foreshortening  of  the  ni^eor-paths  by  perspective^' — To 
determine  the  effect  of  perspective  in  shortening  the  apparent 
paths  we  have  need  to  use  the  following  geometrical  proposition : 

If  a  sphere  whose  radius  is  a  be  sapposed  to  have  an  indefinite 
n  amber  of  diameters,  and  the  extremities  of  these  diameters  are 
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distributed  uniformly  over  the  surface  of  the  sphere,  and  if  0 
beA  point  without  the  sphere  whose  distance  from  the  center  of 
the  sphere  is  6,  then  will  the  mean  value  of  the  angles  at  0, 

subtended  by  all  these  diameters,  be  eqiial  to  -  r. 

The  mean  effect  of  the  foreshortening  by  perspective  may 
therefore  be  thus  expressed.  Let  a  diameter  of  the  sphere  be 
bent  into  the  arc  of  a  circle  whose  radius  is  6 ;  then  the  angle  it 
thus  measures,  is  to  the  mean  vdue  of  the  angles  at  O,  as  any 
square,  is  to  its  inscribed  circle. 

This  effect  is  independent  of  the  ratio  a :  b,  except  that  it 
must  be  less  than  unity.  Hence  the  proposition  may  be  applied 
to  any  number  of  short  lines  viewed  by  an  observer,  if  the 
directions  of  the  lines  be  properly  distributed. 

If  shooting  stars  came  directly  downward  we  should  see  all 
that  were  coming  toward  us,  since  they  would  be  near  the 
zenith.  We  should  see  few,  if  any,  whose  paths  are  at  right 
angles  to  the  line  of  vision,  for  those  would  be  down  near  the 
horizon,  and  would  be  concealed  by  mists  and  smoke.  It  seems 
probable  that  in  this  case  the  mean  effect  of  foreshortening  would 
be  a  little  greater  than  that  of  the  diameters  of  a  sphere. 

Again,  if  the  paths  were  all  parallel  to  the  horizon  we  should 
see  an  undue  number  moving  nearly  at  right  angles  to  the  line 
of  vision.  For  those  which  are  diminished  most  by  the  fore- 
shortening would  be  near  the  horizon,  and  hence  mostlv  hidden. 

But  the  directions  of  the  meteor-paths  are  from  all  parts  of 
the  heavens  from  horizon  to  zenith.  It  seems  reasonable  to  con- 
clude that  the  mean  effect  of  foreshortening  is  intermediate  also 
between  that  for  paths  coming  from  points  in  the  horizon,  and 
that  for  paths  coming  from  the  zenith.  Hence  it  ought  to  be 
nearly  represented  by  the  diameters  of  the  sphere. 

The  conclusion  may  be  thus  expressed.  The  mean  length  of 
the  observed  paths  of  shooting  stars  is  found  to  be  12°*6.  If 
every  path  was  supposed  to  be  turned  about  its  middle  point,  and 
bent  into  an  arc  of  a  circle  of  which  the  observer's  eye  was  the 
center,  the  mean  apparent  length  would  be  increased,  in  the  ratio 
of  a  square  to  its  inscribed  circle ;  that  is,  it  would  be  equal  to 

12^-6x  -,  or  about  16°04. 

12.  Mean  lengili  of  the  visible  part  of  meteor-paths. — From  the 
mean  distance  and  mean  angular  length  of  the  meteor-paths  can 
be  computed  approximately  their  mean  lengths.  For  if  /  be  the 
mean  length,  and  b  the  mean  distance,  we  have 

6=-1805-'    ""'    ^==^-''^- 
The  two  limits  for  the  mean  distance  given  above  indicate  that 
the  mean  length  is  less  than  65,  and  greater  than  89,  kilometers. 
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These  results  should,  however,  be  diminished  a  little,  since  the 
mean  distance  and  mean  angular  length  give  too  large  a  mean 
length.  The  smaller  of  the  two  limits  given  is  doubtless  much 
nearer  the  truth. 

13.  Mean  duration  of  flighty  and  the  mean  velocity  of  the  shooting 
stars, — Mr.  Wartmann  of  Geneva  gives  the  duration  of  the  flights 
of  368  shooting  stars  observed  at  Geneva  during  one  night  by 
six  observers.  The  aggregate  is  180»'83,  which  gives  a  mean  of 
©••49  for  each  flight.  The  mean  of  499  estimates  made  in  August 
and  November  last  is  0»418.  The  mean  duration  of  the  867 
flights  is  0»-46. 

If  th*e  estimates  of  those  observers  who  were  accustomed  to 
astronomical  observation,  and  hence  to  judging  of  small  inter- 
vals of  time,  had  been  alone  taken,  the  result  would  have  been 
very  nearly  the  same.  Almost  all  observers  agree  that  the  mean 
duration  of  flight  is  not  greater  than  half  a  second. 

A  mean  duration  of  half  a  second,  and  a  mean  length  of  path 
between  39  and  65  kilometers  seem  to  imply  a  mean  velocity 
between  78  and  130  kilometers  per  second.  The  smallest  of 
these  (more  than  forty-eight  miles,)  is  twice  and  a  half  the  veloc- 
ity of  the  earth  in  its  orbit  about  the  sun.  This  cannot  con- 
sist with  the  supposition  that  most  of  the  metebroids  move  in 
dosed  orbits  about  the  sun.  Hence,  we  miist  accept  as  highly 
probable  one  or  more  of  these  three  conclusions,  viz : — 

1st,  That  the  length  of  track  is  too  long ;  which  seems  to  in- 
volve that  the  altitudes  on  which  our  computation  is  based  are, 
on  the  whole,  tbo  large.  All  the  altitudes  greater  than  150  kil- 
ometers, might,  I  think,  have  been  safely  rejected. 

2d,  That  the  estimates  of  time  are,  in  general,  too  small.  This 
is  quite  probable.  The  mind  may  not  make  proper  allowance 
for  the  time  that  elapses  after  the  shooting  star  is  seen,  before 
the  eye  is  directed  to  the  place  of  the  path. 

3d,  That  very  many  of  the  meteors  move  in  hyperbolic  orbits 
about  the  sun.    Whatever  may  be  said  of  the  sporadic  meteors,- 
this  cannot  be  true  of  the  members  of  the  August  and  Novem- 
ber groups. 

14.  The  sporadic  shooting  stars  cannot  all  belong  to  one  narrow 
ring  whicJi  has  a  diameter  nearly  equal  to  that  of  tfie  eart/i^s  orbit. — 
Such  a  ring  would  have  to  be  but  little  inclined  to  the  ecliptic  in 
order  to  furnish  meteors  throughout  the  year.  The  bodies  could^ 
not  have  a  retrograde  motion,  else  shooting  stars  would  be  seen' 
only  in  the  morning  hours,  and  would,  moreover,  have  a  very 
distinctly  marked  radiant. 

They  cannot  have  a  direct  motion.  For  their  velocity  must 
then  be  nearly  equal  to,  and  yet  a  little  less  than,  that  of  the 
earth,  in  order  that  more  be  seen  in  the  morning  than  in  the 
evening.     Their  relative  velocity  on  entering  the  atmosphere 
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would  be  n6t  much  greater  than  that  of  a  body  falling  to  the 
earth  from  an  infinite  distance — that  is,  not  much  greater  than 
11  kilometers  per  second.  So  small  a  mean  velocity  is  entirely 
inconsistent  with  direct  observations,  as  well  as  the  conclusions 
given  above. 

We  might,  it  is  true,  suppose  the  ring  to  have  a  considerable 
breadth,  in  which  case  the  meteors  would  have  a  larger  mean 
relative  velocity.  But  if  the  breadth  be  such  as  to  furnish  a 
velocity  at  all  consistent  with  observation,  we  have  no  longer  a 
ring  lying  between  the  orbits  of  Mars  and  Venus,  but  a  disk  ex- 
tending much  beyond  these  planets. 

15.  A  large  portion  of  the  meteoroxds  must,  when  they  meet  the  earth, 
have  absolute  velocities  greater  than  the  earths  velocity  in  its  orbit; 
or  else,  the  sporadic  meteors  have  a  series  of  radiants  at  some  dis- 
tance jfrom  the  ecliptic,  and  hence  come  from  a  series  of  rings  consid- 
erably inclined  to  the  earth^s  orbit — For  shooting  stars  cannot  have 
relative  motions  upward  from  the  earth's  surface  when  they  enter 
the  atmosphere.  If  then  the  absolute  velocities  of  the  meteor- 
oids  were  all  less  than  those  of  the  earth,  their  relative  motions 
(neglecting  the  earth's  attractions,)  would  all  be  from  points  of 
the  heavens  less  than  90°  from  that  point  toward  which  the 
earth  is  moving.  To  an  observer  early  in  the  evening  but  a 
small  part  of  this  hemisphere  is  above  the  horizon,  while  in  the 
morning  almost  all  of  the  hemisphere  is  visible.  Hence,  either 
the  number  of  those  seen  in  the  morning  should  be  very  much 
greater  than  that  of  those  seen  in  the  evening,  or  else  there  should 
be  a  radiant  in  that  part  of  the  sky  which  is  abbve  the  horizon 
in  the  earlier  hours  of  the  night.  If  the  earth's  attraction  be 
considered  the  disproportion  between  the  morning  and  evening 
hours  would  be  slightly  diminished.  But  even  with  this  allow- 
ance the  increase  through  the  night  would  be  greater  than  the 
observed  increase,  unless  one  of,  the  two  suppositions  above 
given  is  true. 

16.  Distribution  of  the  orbits  of  the  meteoroids  in  the  solar  system. 
— There  are  at  least  three  suppositions  respecting  the  distribution 
of  the  orbits  of  the  meteoroids  in  the  solar  system  which  are 
naturally  suggested.  Either  of  them  may  be  considered  as  plaus- 
ible, and  one  does  not  exclude  another. 

1st.  They  may  form  a  number  of  rings,  like  the  August  group, 

,  cutting  or  passing  near  the  earth's  orbit  at  many  points  along  its 

circuit.  The  sporadic  shooting  stars  may  be  outliers  of  such  rings. 

2d,  They  may  forn^  a  disk  in  or  near  the  plane  of  the  orbits 
of  the  planets. 

8d.  They  may  be  distributed  at  random,  like  the  orbits  of  the 
comets. 

According  to  the  first  of  these  suppositions  there  should  be  a 
succession  of  radiants  corresponding  to  the  several  rings.    Dr. 
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Heis  and  Mr.  R  P.  Greg  believe  tliat  they  have  detected  such  a 
series.  Continued  observation  directed  to  this  end  will  probably 
decide  whether  the  metclbroids  belong  entirely,  or  mostly,  to  rings. 

According  to  the  second  supposition  the  apparent  paths  of  the 
sporadic  meteors  should,  if  produced  in  the  direction  of  the 
motion,  all  cut  the  ecliptic  below  the  horizon.  For  the  absolute 
motion  of  a  meteoroid  and  the  earth's  motion  being  both  in,  or 
near,  the  ecliptic,  the  resultant  relative  motion  should  be  from 
some  point  in  the  ecliptic.  That  point  should  be  above  the 
horizon,  since  the  body  must  move  downward  to  enter  the  at- 
mosphere. And  as  the  apparent  path  produced  backward  cuts 
this  point,  it  will,  if  produced  forward,  cut  the  ecliptic  below 
the  horizon. 

We  have  thus  a  simple  means  of  determining  whether  the 
sporadic  meteors  come  exclusively,  or  even  largelv,  from  a  disk 
or  a  lenticular  shaped  group  about  the  sun,  like  that  which  the 
zodiacal  light  is  often  supposed  to  indicate. 

If  the  third  supposition  is  true,  the  mean  velocity  of  the 
meteors  is  a  function  of  the  numbers  of  shooting  stars  in  the 
different  hours  of  the  night.  For,  if  the  velocity  is  very  small, 
few  would  be  seen  in  the  evening,  while  if  it  is  very  large,  there 
should  be  nearly  as  many  in  the  evening  as  in  the  morning. 

Consider  a  small  spherical  space  in  the  upper  region  of  the 
earth's  atmosphere  as  receiving  the  meteors. 

By  supposition  the  absolute  motions  of  the  meteoroids  are  di- 
rected in  equal  numbers  from  all  parts  of  the  celestial  sphere. 
If  their  velocities  are  all  equal  and  represented  by  v\  the  earth's 
velocity  being  v,  if  N^  represents  the  numbers  of  those  whose 
absolute  motions  in  a  given  period  are  from  the  visible  celestial 
hemisphere,  n  the  whole  number  that  should  come  from  all  parts 
of  the  celestial  sphere,  and  6  the  distance  from  the  zenith  to  that 
point  of  the  heavens  to  which  the  earth  is  moving,  then  we  find 
Detween  these  quantities  the  equation,* 


N„=^(l+;-coe«). 


Let  I  be  the  latitude  of  an  observer,  and  h  the  hour-angle 
counting  from  the  time  when  the  point  toward  which  the  earth 
is  moving  is  on  the  meridian^  then  when  that  point  is  on  the 
equator  we  have  cos  «  «  cos  I  cos  A.  This  will  correspond  to 
the  mean  of  the  year.  Computing  now  the  values  of  No-rn,  on 
the  several  suppositions  v'=  V\/2,  v'=  v,  and  1/=^!;,  for  the  lati- 
tudes of  New  Haven,  and  of  Paris  we  have  the  following  table. 
When  t/=  t;  we  have  orbits  whose  major  axes  equal  those  of  the 
earth.     When  t;'=  v  v'2  we  have  parabolic  orbits. 

*  After  reading  this  memoir,  I  found  that  Mr.  A.  S.  Herschel  had  obtained  tha 
same  formula. 
Am.  Joite.  Sci.— Second  Sbries,  Vol.  XXXIX ,  No.  116.— March,  1865. 
27 
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Table  showing  the  hypothetical  dietribtUion  of  the  ehooting  stare  through  the  hour$ 

of  the  night. 


Hour  of  the 
Digbt 

New  Haven. 

Paris. 

v':=v^2 

v'=v 

t>'=^8o 
'•970~ 

tj'=cy2 

»'=c 

v'^-Sv 

6 

•766 

•876 

•782 

•829 

•911 

1 

•756 

•862 

•964 

•726 

•818 

•897 

8 

•730 

•825 

•907 

•701 

•785 

•866 

9 

•687 

•766 

•882 

•664 

■782 

•791 

10 

•688 

•688 

•736 

•616 

•665 

•706 

11 

•66» 

•697 

•622 

•660 

•685 

•606 

12 

•600 

•600 

•600 

•600 

•600 

•500 

1 

•481 

•408 

•878 

•440 

•416 

•894 

3 

•867 

•812 

•265 

•884 

•835 

•294 

8 

•818 

•236 

•168 

•886 

•268 

•209 

4 

•270 

•176 

■098 

•299 

•216 

•144 

5 

•244 

•188 

•046 

•275 

•182 

.108 

6 

•285 

•125 

•080 

•268 

•171 

•089 

The  velocities  have  been  considered  as  uniform.  But  it  is 
evident  that  if  the  shooting  stars  have  various  velocities,  the 
hourly  distribution  should  correspond  approximately  to  that  for 
the  mean  velocity. 

The  number  entering  a  spherical  space  has  been  considered. 
In  fact  we  have  to  consider  the  number  entering  the  region  of 
the  atmosphere  commanded  by  observers  at  one  place.  The  two 
are  not  identical.  For  if  so,  we  ought,  on  the  nights  of  9-12th 
of  August  to  have  the  conformable  meteors  equally  distributed 
through  those  hours  of  the  night  in  which  the  radiant  is  above 
the  horizon.  But  there  is  in  fact  an  increase  of  numbers  till 
dawn.  Hence  the  difference  between  the  numbers  seen  in  morn- 
ing hours,  and  those  seen  in  the  evening  hours,  should  be  greater 
than  is  given  by  the  preceding  table. 

On  the  other  hand,  the  effect  of  the  earth's  attraction  is  to  ren- 
der the  numbers  a  little  more  uniform  through  the  night.  Again, 
there  should  be  less  difference  between  the  morning  and  evening 
during  the  half  year  from  July  to  December,  than  in  the  other 
half  year,  for  the  point  to  which  the  earth  is  then  moving  is 
north,  of  the  equator. 

Mr.  Herrick  estimated  that  there  were  about  three  times  as 
many  shooting  stars  in  the  morning  as  in  the  evening.  Mr. 
Coulvier-Gravier  gives  the  following*  as  the  mean  hourly  num- 
bers of  shooting  stars  at.  Paris : — 

6>»— 6^ 7-2       10l>— 11*» 8-0 

11—12    9-6 

12—1    10-7 

1—2    13-1 

2—3    16-8 

How  much  reliance  is  to  be  placed  on  these  numbers  of  the 
Paris  observer  we  know  not. 


6—7 
7—8 
8—9 
9—10 


.6-5 
.70 
.63 
.7-9 


S^—4^ 16-6 

4—6 18-8 

6—6 13-7 

6—7   130 


Rechercbeft  sor  lea  m^t^ores,  p.  220. 
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This  estimate,  and  these  numbers,  taken  strictly  imply  a  mean 
velocity  greater  than  that  of  a  parabolic  orbit.  The  character 
of  the  data  does  not  allow  the  argument  to  be  pressed.  Yet  we 
must  regard  as  almost  certain  (on  the  hypothesis  of  an  equable 
distribution  of  the  directions  of  absolute  motions),  that  the  mean 
velocity  of  the  meteoroids  exceeds  considerably  that  of  the 
earth ;  that  the  orbits  are  not  approximately  circular,  but 
resemble  more  the  orbits  of  the  comets. 

17.  Number  of  meieoroids  in  the  space  which  the  earth  is  travers- 
ing.— We  have  found  that,  of  the  space  through  which  the  earth 
is  moving,  a  volume  equal  to  that  of  the  earth  (atmosphere 
included),  contains  a  mean  number  of  meteoroids  expressed  by 
the  equation 

M=li6-2 ^^ . 

In  this  equation  v  is  the  mean  relative  velocity  of  the  meteor- 
oids. If  their  absolute  velocities  were  equal,  and  the  points 
from  which  they  come  uniformly  distributed  over  the  heavens^ 
we  should  evidently  have 

1    /•»  1  .  v'2 

V  =  -    /      (i;2-j-i;'2  —  2t;v'  C06(i>)3'8iD  OidOii=zV'\ . 

For  v"  we  may  use  as  an  approximation  the  mean  absolute 
velocity.  If  v=^v\  then  v=  |  v.  If  v'  =  Vv/2,  then  v  =  | v. 
As  the  velocity  seems  to  be  greater  than  that  of  the  earth,  and 
more  nearly  equal  to  that  of  bodies  moving  in  parabolic  orbits, 
the  latter  value  is  preferred  for  v.  On  this  supposition,  and  by 
neglecting  ^,  we  find  M  greater  than  14,000.  If  allowance  be 
made  for  the  space  occupied  by  the  earth's  atmosphere  we  find 
that,  in  the  mean,  in  each  volume  of  the  size  of  the  earth,  of  the 
space  which  the  earth  is  traversing  in  its  orbit  about  the  sun,  t/iere 
are  as  many  a^  13,000  small  bodies^  each  body  such  as  wouldyurnish 
a  shooting  star  visible  under  favorable  circumstances  to  the  naked  eye. 
If  telescopic  meteors  be  counted,  this  number  should  be  increased 
at  least  forty -fold. 

There  seems  to  be  little  reason  for  supposing  that  the  space 
near  the  earth's  orbit  is  very  much  more  thickly  strewn  with 
these  bodies  than  other  parts  of  the  solar  system.  That  they 
are  grouped  according  to  some  law,  is  altogether  probable.  But 
a  velocity  different  from  that  of  the  earth  implies,  of  necessity, 
that  they  are  not  grouped  closely  about  the  earth's  orbit. 

These  bodies  cannot  be  regarded  as  the  fragments  of  former 
worlds.  They  are  rather  the  materials  from  which  the  worlds 
are  forming.  If  astronomy  furnishes  any  measure  of  their  total 
mass  we  may  therefrom  obtain  some  idea,  rude  though  it  be,  of 
the  mean  mass  of  the  individuals. 
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Art.  XXIV. — Action  of  Binoxyd  of  Lead  and  Sulphuric  Acid  on 
Hippuric  Acid;  by  Dr.  Julius  Maier,  Chemical  Assistant, 
School  of  Mines,  Columbia  College. 

Bipparajffin,  £^RjliiB. 

Hippuric  acid,  at  a  moderate  temperature,  is  treated  with 
binoxyd  of  lead  and  sulphuric  acid,  care  being  taken  to  avoid  an 
excess  of  either.  A  strong  evolution  of  carbonic  acid  ensues, 
and  the  mass  congeals  to  a  thick  paste.  This  is  placed  on  a 
filter,  and  washed  with  a  dilute  soda  solution  till  the  wash-water 
shows  no  further  reaction  of  sulphuric  acid.  This  mass  is  treated 
with  alcohol,  which  dissolves  the  hipparaflSn,  and  evaporated  in 
a  water-bath  to  one-half  its  volume.  On  cooling,  the  entire 
liquid  congeals  to  a  crystalline  mass.  The  separated  hipparaflSn 
is  collected  on  a  filter,  and  washed  with  boiling  water,  until  all 
acid  reaction  has  disappeared,  and  is  then  redissolved  in  hot  al- 
cohol, and  allowed  to  crystallize.  HipparaflSn  forms  a  network 
of  white  silk-like  needles,  which  melt  at  210°  C,  subliming  pre- 
viously at  100°  C.  They  are  entirely  insoluble  in  water,  that 
reagent  not  even  causing  them  to  become  moist;  they  are  readily 
soluble  in  alcohol  and  ether.  HipparaflSn  owes  its  name  to 
the  fact  of  its  not  being  perceptibly  decomposed  by  acids  or  al- 
kalies. It  is  not  soluble  in  solutions  of  potassa,  and  develops 
ammonia  only  after  continued  fusing  with  caustic  potassa ;  it  is 
easily  dissolved  by  a  mixture  of  sulphuric  and  nitric  acids,  and 
is  not  separated  from  this  solution  by  water.  Fuming  nitric 
acid  dissolves  it  with  liberation  of  gas.  This  solution,  after 
neutralization  with  carbonate  of  soda  and  evaporation,  yields 
benzoic  acid  on  addition  of  chlorhydric  acid.  Upon  being 
heated. in  a  stream  of  chlorhydric  acid  gas,  a  colorless  oil  passes 
over,  which  congeals  to  a  crystalline  mass.  Schwarz,*  who  first 
described  hipparaflSn  gave  it  the  incorrect  formula  C^  eHjNO.. 
I  found  its  composition  to  be  CgH^NO,  the  formation  of  whica 
is  explained  as  follows : 

Hippuric  acM.       Binoivd      Sulphuric        HIpparaffln.  Carbonic       Sulphate  of     Water, 

lead.  acid.  acid.  lead. 

€aH^Ne3+Pb202+S2H20^=€8H7Ne+€H2e3+S2Pb,e4+H2e 
Hipparin,  CgllgNOg. 
When  an  excess  of  sulphuric  acid  is  used  in  the  preparation 
of  hipparaflSn,  an  oily  liquid  is  separated  which  rises  to  the  sur- 
face of  the  alcoholic  solution,  and  on  cooling  congeals  to  a  crys- 
talline mass,  on  the  addition  of  water.  This  mass  dissolves  in 
hot  water,  and  crystallizes  in -long,  white,  glassy  needles,  grouped 
in  the  shape  of  fans.    These  needles  melt  at  49^  C,  and  become 

'  Schwarx  Aimal.,  Ixxv,  201. 
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solid  at  20"^  C.    They  are  soluble  in  hot  water,  alcohol  and  ether. 
Their  formation  may  be  explained  as  follows : 

Hippuric  acid.         BlDOzyd       Sulphuric  Uipparin.  Carbonic       Sulphate  of 

of  lead.  acid.  acid.  lead. 

€aH,Ne,+Pb^e^+S3H3e^=€3H3N02+€n,e3+S2rb^e^ 

Hippuric  and  Benzoic  acids  are  entirely  decomposed  by  heat- 
ing them  with  an  excess  of  superoxyd  of  lead  and  sulphuric 
acid,  all  carbon  being  driven  off  in  the  form  of  carbonic  acid. 

The  following  are  the  products  of  the  decomposition  of  hip- 
puric acid  by  binoxyd  of  lead  and  sulphuric  acid : 

1.  €9H9Ne8+Pb202+S2H20^=€3HoNe2+€H203+S2Pb2e4 

2.€3H,N03+Pb2e2+S2H2e4=:€8H7Ne+€U2e3+S2Pi»2e4H-H2e 
8.€9H9Ne3+Pb6e6+S6H6ei2=€7H7Ne+€2n4e6+S6Pb6ei2+n4e, 

Hippuric  acid.     Biooxyd      Sulphuric        Benzamid.       Carbonic       Sulphate  of 


Sulphuric 
acid. 


Carbonic 
acid. 


lead. 


Water. 


Action  of  Bromine  and  Iodine  on  Hippuric  Acid. 
Bromohippuric  acidj  €gHgBrN03. 
An  alcoholic  solution  of  hippuric  acid,  at  a  boiling  heat,  is 
treated  with  bromine;  the  solution  is  allowed  to  boil  a  few  min- 
utes and  water  added,  and  then  evaporated  on  a  water-bath  to 
one-half  its  volume.  The  yellowish  brown  color  of  the  solution 
gradually  disappears,  and,  on  cooling,  a  white  crystalline  deposit 
is  formed,  which  consists  of  fine  needles  plainly  visible  under 
the  microscope.  These  needles  are  difficultly  soluble  in  water, 
alcohol  or  ether,  when  cold,  but  readily  soluble  in  all  of  these 
cnedia  upon  boiling.  They  are  colorless;  when  moistened  and 
allowed  to  ^and  for  a  short  time  at  an  ordinary  temperature, 
they  undergo  decomposition  and  turn  brown,  owing  to  the  sepa- 
ration of  bromine.  The  aqueous  solution  has  a  strongly  acid  re- 
liction, and  is  not  precipitated  by  lime,  baryta,  or  the  salts  of 
copper.  Upon  being  heated  with  caustic  lime,  the  crystals  emit  a 
xJistinct  odor  of  benzonitril,  and  a  violet  colored  oily  liquid  was 
formed,  previous  to  which  benzoic  acid  having  a  r^  color  passed 
over.  The  crystals  dried  in  vacuo  and  burned  with  oxyd  of  cop- 
per, and  finally  in  a  stream  of  oxygen,  gave  the  following  results : 

0'2735  grras.  gave  0-4160  grms.  carbonic  acid  and  0*083  grms.  water. 
0-2760  griD3.  burned  with  caustic  lirae,  gave  0*1995  grms.  bromid  of  silver. 
0*6855  grms.  burned  wiih  soda-liine,  gave  0*0405  grms.  ammonia. 

Calculated.  Found. 


9.  Carbon, 

108 

41*86 

41*60 

8.  Hydrogen, 
1.  Bromine, 

8 
80 

8*10 
3100 

8*40 
•  •  •  • 

1.  Nitrogen, 
3.  Oxygen, 

14 

48 

5-43 
18-61 

lUUOO 

•  •  •  • 

n. 


30*91 


111. 


4-86 
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The  salts  of  potash  and  soda  could  not  be  obtained  in  crystals. 
The  salt  of  lime,  €5H7CaBrN03,  crystallizes  in  fine  white  nee- 
dles, is  difficultly  soluble  in  cold  water,  readily  so  in  hot  water ; 
dried  between  90°  and  100°  C.  it  was  not  decomposed.  The 
analysis  gave  the  following  result :  0*3835  grms.  of  the  dried 
crystals  gave  0*0665*  grms.  carbonate  of  lime,  the  formula  as  cal- 
culated requiring  0*0692  grams. 

Jodokippuric  acid,  CJgHglNOg. 

This  acid  was  obtained  in  the  same  manner  as  the  bromine 
compound,  employing  iodine  instead  of  bromine.  To  the  alco- 
holic solution  water  was  added,  and  it  was  filtered  from  the  sepa- 
rated iodine ;  the  filtrate  was  allowed  to  stand  over  night.  The 
solution  which  was  at  first  brown  became  colorless,  and  fine 
needles  were  deposited.  These  are  white,  odorless,  difficultly 
soluble  in  water,  alcohol  and  ether,  in  the  cold,  but  readily  so  in 
all  of  them  upon  boiling.  They  are  decomposed  at  90°  C,  turn- 
ing yellow,  owing  to  the  separation  of  iodine.  All  the  salts  with 
the  exception  of  that  of  silver  are  soluble  in  water. 

The  crystals,  when  burned  with  oxyd  of  copper,  and  finally  in 
a  stream  of  oxygen,  gave  the  following  results  : 

0*2430  grms.  gave  0*3080  grms.  carbonic  acid  and  0*0606  grms.  water. 
0*2080  grms.  gave  0*1690  grms.  iodid  of  silver,  when  burned  with  caus- 
tic lime. 
0*4'760  grms.  burned  with  soda-lime  gave  0*0240  grms.  ammonia. 


Calculated. 

Found. 

I.         a 

in. 

9.  Carbon, 

108 

35*41 

34*67      . . . ; 

•  • .  • 

8.  Hydrogen, 

8 

2-62 

2-76     

.... 

1.  Iodine, 

127 

41*64 

41*30 

.... 

1.  Nitrogen, 

14 

4*59 

••••      ••.• 

4*16 

3.  Oxygen, 

48 

100*00 

.  •  •  • 

New  York,  Dec^lst,  1864 

'* 

Art.  XXV. — On  the  Preparation  of  Oxalate  of  Ethyl;   by 
M.  Carey  Lea,  Philadelphia. 

Thb  processes  described  in  the  text  books  for  the  preparatioa 
of  oxalate  of  ethyl  are  liable  to  objection.  If  we  heat  binoxa- 
late  of  potash  with  sulphuric  acid  and  alcohol,  we  introduce  into 
our  distillate  the  decomposition-products  of  sulphuric  acid  in  ad- 
dition to  those  of  oxalic  acid  and  alcohol.  It  has  also  been 
reconamended^  to  heat  oxalic  acid  in  a  retort  until  it  begins  to 

'  Gmelin  Handbook,  Cav.  ed.,  iz,  179. 
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emit  white  fumes,  and  then  allow  alcohol  to  drop  in  through  the 
tubulure*  As  the  temperature  at  which  the  acid  begins  to  sub- 
lime is  considerably  below  that  at  which  it  melts,  this  process  is 
apt  to  result  in  breaking  the  retort. 

I  was  therefore  led  to  seek  for  a  better  process,  and  have  used 
the  following  repeatedly,  with  very  satisfactory  results. 

A  tube  of  an  mch  or  more  in  diameter,  and  of  a  proper  length, 
is  drawn  out  at  one  extremity,  and  at  the  same  time  oent  to  an 
angle,  somewhat  as  in  the  ordinary  form  of  a  combustion  tube, 
except  that  the  bent  part  is  made  less  slender,  and  shorter  (J  inch 
diameter  at  extremity).  The  tube  is  then  completely  filled 
with  dehydrated  oxalic  acid,  except  for  the  last  two  inches  at  the 
open  end.  This  is  closed  with  a  cork  penetrated  by  a  tube.  For 
this  purpose  the  cork  is  not  bored  parallel  with  its  axis,  but  in 
an  inclined  direction,  so  that  the  smaller  tube  when  inserted  two 
or  three  inches  may  touch  the  side  of  the  larger.  This  last  is 
then  supported  in  a  horizontal  position  over  a  gas  combustion 
furnace,  so  that  the  bent  end  may  be  directed  upwards,  and  the 
cork  turned  so  that  the  small  tube  may  touch  the  upper  side  of 
the  interior  of  the  large  one.  The  tube  should  be  supported 
about  six  inches  above  the  wire  gauze  of  the  furnace..  The  bent  < 
end  of  the  tube  is  now  connected  with  a  Liebig's  condenser,  and 
the  small  tube  with  a  flask  containing  alcohol  of  42  B.  The  fur- 
nace is  then  lighted,  and  as  soon  as  the  acid  melts,  a  stream  of 
alcohol  vapor  is  sent  over  it  by  heating  the  flask.  The  gas-fur- 
nace is  maintained  at  a  heat  such  that  a  very  gentle  ebullition 
shall  be  kept  up  in  the  tube.  At  the  end  of  an  hour  to  an  hour 
and  a  quarter  tne  operation  is  terminated,  and  the  oxalic  acid  in 
•  the  tube  is  converted  into  oxaljc  ether.  The  distillate  also  con- 
tains a  little  oxalic  ether  which  cannot  be  separated  by  water, 
but  which  may  be  used  for  preparing  oxamid.  Or  the  distillate 
may  be  gently  evaporated  to  one-tenth  its  bulk,  and  then  may 
be  mixed  with  .a  little  water. 

This  process  gives  an  abundant  product,  and  reauires  no  at- 
tention after  the  proper  temperature  is  once  adjusted.  In  filling 
the  tube  with  the  oxalic  acid,  it  is  not  necessary  to  leave  an  air 
passage ;  the  material  settles  in  fusing  sufficiently  without.  The 
oxalate  of  ethyl,  which  is  a  little  brownish,  and  contains  the 
usual  impurities  of  the  crude  product,  may  then  be  purified  in 
the  ordinary  manner. 
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Art.  XXVI. — Method  of  applying  the  binocular  principle  to  the 
eye-piece  of  a  Microscope  or  Telescope;  by  Egbert  B.  Tolles. 

To  apply  tbe  binocular  principle  to  the  eye-piece  of  a  micro- 
scope or  telescope,  it  is  only  necessary  to  make  use  of  the  erect- 
ing form  of  eye-piece,  and  to  place  the  dividing  prism  at  the 
point  where  the  pencils  composing  the  whole  bundle  of  rays 
proceeding  from  the  object  cross  in  the  eye-piece,  which  is  the 
point  where,  in  any  erecting  eye-piece,  the  diaphragm  proper  is 
correctly  placed. 

If  the  theory  of  the  erecting  eye-piece  of  common  form  were 
generally  understood,  no  demonstration  that  binocularity  can  be 
given  to  such  an  eye-piece  would  be  necessary. 

Suffice  it  to  say  that,  since  any  one  pencil  of  light  proceed- 
ing from  any  point  of  the  object  through  the  tvhole  area  of  the 
object-glass  does  at  this  point  equally  fill  the  whole  area  of  the 
diaphragn*  (that  being  of  proper  aperture)  substantially  in  the 
same  manner,  therefore  .the  division  for  binocular  vision,  if  made 
here  by  the  appropriate  prism,  must  be  a  very  nearly  equal 
division  of  every  particular  pencil,  and  give  a  similar  and  satis- 
factory image  of  the  entire  field  in  each  eye-tube.  This  is  a  suf- 
ficient expression  of  the  whole  theory  of  the  binocular  eye- 
piece. 

It  is,  however,  important  in  order  to  avoid  pseudoscopic 
effects,  to  adopt  the  proper  form  of  dividing  prism ;  and  tnis 
form  is  precisely  that  best  suited  to  that  kind  of  binocular  mi- 
croscope in  which  the  dividing  prism  is  placed  immediately 
above  the  objective.  The  natural  presumption  has  been — con-  • 
trary  to  this — that  prisms  of  rectangular  form  would  give  the 
proper  effects  in  the  eye-piece,  because  of  the  pseudoscopic 
effects  produced  by  their  use  in  the  microscope  of  binocular 
body.  But  this  is  an  error,  inasmuch  as  the  pencils  proceeding 
to  form  the  second  image  in  the  erecting  eye-piece  reach  the 
small  dividing  prism  under  conditions  suitable  for  correct  vision 
of  the  object  were  the  eye  placed  there,  and,  accordingly,  the  same 
false  appearances*obtain  with  the  eye-piece  of  rectangular  prisms, 
having  oculars  above,  as  if  such  division  were  made  immediately 
above  the  objective;  the  effect  being,  that  the  order  in  which 
the  rays  proceeding  from  the  sides  of  the  object  or  image  viewed 
reach  the  eyes,  as  to  right  and  left,  is  reversed  from  that  which 
exists  in  natural  vision ;  the  left  eye  receiving  a  preponderating 
portion  from  the  right  side,  and  the  right  from  the  left  side  of 
the  object. 

It  is  to  be  noted,  however,  that  the  eye-piece  with  rectangular 
prisms,  arranged  after  the  first  method  of  Prof.  Eiddell,  does  not 
uniformly  produce  conversion  of  relief,  or  that  inversion  of  per- 
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apective  which  obtained  in  that  first  experimental  arrangement 
for  a  binocalar  microsoope.  Such  a  binocular  eye-piece  used  in 
the  microscope  upon  transparent  objects  only  occasionally  gives 
the  view  in  depth  thus  inverted.  With  low  powers,  and  consid- 
erable thickness  of  the  transparent  object,  the  view  is  usually 
pseudoscopio.  With  medium  and  higher  powers,  it  is  otherwise ; 
and  the  effect  is  much  controlled  in  this  respect  by  the  direction 
of  the  light  upon  the  object 

When  the  binocular  eye-piece  formed  with  rectangular  prisms 
is  used  in  the  telescope  to  view  a  landscape,  tiie  perspective  is 
not  throughout  inverted,  but  portions  of  tne  field  appear  in- 
terposed between  the  eye  and  nearer  objects  in  a  singular  and  . 
somewhat  startling  manner. 

By  arranging  the  compound  rectangular  dividing  prism  so 
that  the  optical  pencil  is  divided  in  the  plane  of  vision,  instead  of 
vertically,  the  pseudoscopio  effect  is  almost  entirely  obviated. 

In  constructing  the  binocular  eye-piece,  the  prisms  and  arrange- 
ment of  Nachet  have  been  found  to  answer  every  condition  and 
requisite  of  binocular  vision.  The  dividing  prism  being  placed, 
as  oefore  stated,  at  the  point  of  crossing  of  pencils  in  the  erect- 
ing eye-piece,  each  pencil  of  light  will  enter  the  small  dividing 
}>rism  and  impinge  upon  its  reflecting  surfaces  in  a  manner  simi- 
ar  to  that  illustrated  in  the  Nachet  binocular  microscope.  The 
binocular  eye-piece  has  greatly  the  advantage  over  the  other 
arrangement.  For  when  the  prisms  are  placed  in  the  binocular 
body  immediately  above  the  objective,  their  position,  in  order  to  se- 
cure a  proper  division  of  each  transmittea  pencil,  should  change 
with  every  change  of  objective  used — which  can  be  easily  pro- 
vided for  in  the  case  of  low  powers  but  is  rather  impracticable 
with  the  higher  numbers,  it  being  very  difficult  to  bring  the 
prisms  sufficiently  near  to  the  posterior  combination  of  the 
objective.  X)n  the  contrary,  when  the  binocular  arrangement 
is  embodied  in  the  eye-piece,  the  prism  being  once  fixed  in 
proper  position,  as  before  described,  is  correctly  placed  for 
every  power  of  objective,  and  the  eye-piece,  thus  binocular  in 
form,  is  as  applicable  through  the  whole  range  of  powers  as  if 
it  were  monocular.  Applied  to  high  powers,  only  one  condition 
would  be  distinguishingly  critical  in  the  case  of  the  eye-piece, — 
that  of  the  centricity  of  the  central  prism.  The  form  ot  erecting 
eye-piece  found  most  advantageous  in  this  binocular  adaptation 
is  a  duplication  of  the  ordinary  Huyghenian  negative  eye-piece, 
wherein  the  small  dividing  prism  is  very  nearly  at  the  eye-hole 
point  of  such  a  negative  eye-piece  as  is  ordinarily  applied  in  the 
monocular  microscope.  At  a  proper  distance  above  this  is  placed 
another  negative  eye-piece,  in  wnich  is  formed  a  second  image 
of  the  object  viewed. 

This  form  of  erecting  eye-piece  gives  less  extension  above  the 

Ax.  JoDB.  Sci.— Seootto  Series,  Vol.  XXXIX,  No.  116.-~MiJiOH,  1865. 
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body  of  the  microscope  than  the  positive  form,  an^  for  that  reason 
is  preferred. 

The  annexed  diagram  illustrates 
the  division  of  one  lateral  pencil 
proceeding  from  one  point  of  the 
first  image  formed  in  the  eye-piece, 
and  its  general  course  to  emergence 
at  the  two  eye  surfaces  of  the  eye- 
piece. When  the  eye-piece  is  con- 
structed of  the  form  outlined  in  the 
annexed  diagram,  (which  is  about 
half  size  in  the  superior  portion), 
the  field  is  produced  very  satisfac- 
torily, and  of  tolerable  expansion ; 
and  does  not  necessitate  more  than 
4*50  inches  extension  beyond  the 
microscope  body.  The  draw-tube 
can  be  as  well'  withdrawn,  and  the 
eye-piece  occupy  its  place,  thus  di- 
minishing somewhat  the  total  ex- 
tent of  the  instrument.  With 
proper  modifications  of  the  system 
of  lenses  placed  before  the  prisms 
in  the  eye- piece,  the  whole  binocu- 
lar arrangement  can  be  brought  still  nearer  the  objective,  and 
retain  also  all  the  characteristics  of  the  binocular  eye-piece  as 
contradistinguished  from  the  binocular  microscope  Known  and 
in  use. 

The  objection  that  loss  of  light  must  occur  on  account  of  the 
additional  front  system  of  lenses  pertaining  to  an  erecting  eye- 
piece, (the  lower  system  in  the  diagram,)  of  course  militates 
against  this  arrangement ;  but  there  are,  on  the  other  hand,  inci- 
dental advantages  in  the  use  of  the  erecting  form.  And  moreover, 
if  desirable,  the  "eye-lens"  of  the  lower  system  can  be  success- 
fully united  with  the  dividing  prism,  thus  eliminating  two  sur- 
faces ;  and  it  is  practicable  to  make  the  field-lens  of  each  upper 
system  solid  with  the  opposite  prism.  The  binocular  erecting 
microscope  would  thus  have  no  more  refracting  surfaces  than  the 
instrument  of  negative  form  and  binocular  body.  As  the  object 
is,  for  the  sake  of  eflBciency  with  a  high  power  objective,  to  give 
as  large  area  to  the  transmitted  pencil  as  possible  at  the  point 
where  it  undergoes  division  in  the  small  prism,  therefore  the 
power  of  the  front  system  should  be  kept  <fown,  and  amplifica- 
tion^ as  far  as  necessary  in  the  eyepiece,  be  produced  after  the 
division  lias  taken  place.  The  accompanying  cut  is  in  this  re- 
spect not  in  strict  proportion — the  lower  system  of  lenses  being 
represented  not  more  than   half  the   distance  apart  that  the 
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most  favorable  arrangement  for  use  with  high  powers  (and 
equally  with  low)  would  call  for,  and  the  standard  length  of 
microscope  body  admit  of.  But  the  aperture  of  the  lenses  might 
remain  aoout  the  same. 

Having  obtained  by  this  means  a  pencil  (or  beam  rather) 
transmitted  through  the  eye- piece  of  the  greatest  possible  di* 
mension  or  area,  at  the  point  of  binocular  division,  greater 
amplification  in  the  eve-piece,  as  to  its  total  power,  might  be  ad- 
vantageously effected  by  means  of  lenticular  immergent  and 
emergent  surfaces  of  the  upper  prisms ;  the  lower  face  of  each 
prism  to  be  convex,  the  upper  emergent  surfaces  concave,  giving 
achromatized  refraction  in  each  case.  By  this  means,  a  larger 
field,  together  with  a  minimum  length  of  tabes  above  the  prisms, 
would  be  secured. 

By  thus  appropriating  every  surface  of  all  the  prisms  not  a 
reflecting  surface,  for  the  purpose  of  lenticular  refraction,  the 
greatest  aggregate  advantage  appears  to  be  secured^ 

Applied  to  the  telescope,  the  binocular  eye-piece  should  of 
course  have,  and  practically  has,  the  same  characteristics  as 
when  used  in  liie  microscope.  In  this  case,  however^  the  front 
lens  of  the  eye-piece  can  be  dispensed  with.  Its  utility,  as  thus 
applied  to  those  telescopes  too  large  to  be  conveniently  in  the 
double  form,  is  too  obvious  and  striking  to  need  remark  The 
view  thus  obtained  is  truly  stereoscopic. 

Canastota,  N.  T^  Dec  1864. 
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I.  On  the  vHive  lengths  of  Fraunhofer^s  lines. — ANaeiRSM  has  eom- 
raunicated  to  the  Royal  Swedish  Academy  of  Sciences  a  memoir  on  the 
wave-lengths  of  the  principal  fixed  lines  in  the  solar  spectrum,  which 
possesses  great  value  not  mere^  as  a  revision  of  Fraunboter^s  determina- 
tions, but  also  as  containing  data  not  hitherto  to  be  obtained.  The 
measurements  which  form  the  basis  of  the  work  were  executed  by  means 
of  an  optical  theodolite  by  P.istor  and  Martins^  reading  by  means  of  two 
microscopes  to  2"1  of  arc.  The  eye-piece  was  al  jo  provided  with  a  mi- 
<5rometer,  the  head  of  the«cr«w  being  divided  into  100  equal  parts,  each 
division  of  the  scale  corresponding  to  1"*808  for  parallel  rays.  The 
ruled  glass. was  by  Nobert,;and  contained  in  a  space  of  9*0] 55  Paris 
lines,  4501  divisions,  drawn  wibh  a  diamond.  The  error  of  the  division 
according  to  Nobert's  measures,  was  less  thitn  0*00002  of  a  Paris  line. 
With  this  ruled  glass  Fraunhofer's  lines  could  be  seen  in  the  third  and 
fourth  spectra,  the  lines  being  themselves  more  numerous  and  distinct 
than  in  the  spectrum  produced  by  a  flint  glass  prism.  The  observations 
were  calculated  according  to  the  well  known  formula 

e  sin  ^  =  mA 


Digitized  by  VjOOQ IC 


216 


Scientific  Intelligence, 


in  which  e  is  the  distance  between  two  successive  lines  =0*000166964 
of  a  Paris  inch ;  I  the  wave  length  sought,  6  the  observed  angles  of  dif- 
fraction, and  m  the  number  of  the  spectrum.  The  influence  of  varia- 
tions of  temperature  and  pressure  of  the  atmosphere  was  found  to  be 
insensible ;  that  of  the  temperature  of  the  ruled  glass,  which  varied  from 
13**  C.  to  18**  C,  was  also  found  too  small  to  require  the  application  of 
a  correction.  The  same  statement  applies  to  a  variation  in  the  angle  0, 
arising  from  the  absolute  motion  of  the  instrument  in  the  direction  of 
the  path  of  the  incident  ray.  As  means  of  several  determinations  the 
following  results  were  obtained  for  the  lines  measured  bj  Fraunhofer, 
the  unit  of  measure  being  x-inriytgggff  ^^  &  Paris  inch. 

B  2639'73      b   1916-60      H  1467-18 
C  2426-29      F  1797-27      H,  1463-98 

D  2178-69      G  1692-34      --  

E  1948-24 
The  difference  in  wave  lengths  for  the  two  D  lines  was  2-226 ;  between 
the  two  £  lines  only  0-396.  (The  numbers  given  above  doubtless  refer 
to  the  least  refrangible  lines  in  the  cases  of  D  and  R)  The  author  gives 
a  careful  discussion  of  the  results  of  the  two  series  of  measurements 
made  by  Fraunhofer,  and  arrives  at  the  conclusion  that  the  measure- 
ments made  with  Nobert^s  ruled  glass  deserve  the  greater  degree  of  confi- 
dence. The  following  table  gives  the  results  of  Angstrom's  determina- 
tions of  the  wave  lengths  of  other  lines  in  the  spectrum,  the  unit  being 
the  same  as  above. 


A  2812 

B  2639 

C  2426 

a  2312- 

2287' 
79 
76 
69 
67 
62- 
66- 
D  2179- 
2177- 

1.  2076 

2.  71 

3.  69 

4.  2068' 
«•       66 


7 

•26 

'2,  a  strong  atmospheric 

line. 
3 
6 
8 
4 
■7 
1 


A  group  of  strong  lines 
produced  by  iron 
and  calcium. 


Iron. 
Iron. 


7. 


9. 

10. 


60 
16 
13 
13 

07' 
05 


.Q  |-  sodium  lines. 

•4  [  Iron. 

•1       " 
•9       •• 

•8       " 

3        " 


1-4) 
•9f 


Iron. 


1998-^ 

97-1 

86-8       "     strong. 

86-3       **      ) 

84-2       **      I  faint. 

83-5       **      ) 
1974-2      ^        double. 

69-6       " 

68-1       *' 

66-3  *' 
1963-2  " 
1948-44  Iron  and^caknum. 

48-04 

"  ^*   double. 

Iron. 


46-8 
34-6 
36-4 
19-6 


double. 
1916-50  Magnesium. 

12-39 
1911-10  )  Iron  and  magnesium. 

10-49  j  Iron, 

03-4 
1832-70       ** 

191 

18-4         " 
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08*3    Iron,  double. 

71-2 

Iron. 

OM      ** 

9 

62*4 

Calcium,  double.' 

F      1797-2'7  Hydrogen. 

82*0 

Iron,  double. 

/     1632-2     Iron. 

h 

16*9 

No  metallic  line. 

2S-5       •« 

05*3 

Iron,  strong. 

20-4       ** 

02*0 

(i 

04-3     Hydrogen. 

1496*2 

4i 

1598*8    Iron. 

80*4 

Strong,  no  correspond- 

G    1592*34  Iron. 

ing  metallic  line. 

79-1       ** 

H 

67-2 

Calcium. 

74*7      " 

H, 

54-0 

ti 

In  the  concluding  section  of  his  memoir  the  author  points  out  a  method 
of  determining  the  motion  of  the  solar  system  by  observing  the  interfer- 
ence bands  produced  by  a  ruled  surface  of  glass.  The  principle  of  this 
method  was  laid  before  the  Swedish  Academy,  Oct.  6,  1860,  and  was 
proposed  by  Babinet  two  years  ago  in  the  French  Institute.  It  depends 
simply  upon  the  fact  that  if  we  assume  that  the  rays  which  pass  through 
the  openings  in  the  ruled  surface  are  propagated  independently  of  the 
motion  of  the  instrument,  the  same  must  be  true  of  the  interference 
bands,  and  consequently,  in  observing  with  the  telescope,  an  aberration 
must  ensue  proportional  to  the  relation  between  the  motion  of  the  tele- 
scope perpendicular  to  its  axis  and  the  velocity  of  the  light  in  the  direc- 
tion of  the  axis.  The  results  obtained  in  testing  this  method  appear  to 
confirm  the  correctness  of  the  theory,  but  are  not  sufficiently  numerous 
to  be  decisive.  The  author  proposes  to  resume  the  subject  under  more 
favorable  circumstances  of  weather. — Pogg,  Ann,^  cxxiii,  489.      w.  o. 

[Note, — ^The  annexed  table  of  wave-lengths,  taken  in  connection  with 
that  of  Ang8tr5m,  will  present  to  the  reader,  it  is  believed,  all,  or  almost 
all,  the  exact  knowledge  which  we  have  at  present  of  the  subject  The 
unit  is  here  the  -iv.ixoV.TTinr  ^^  ^  millimeter. 


Wave-lengtha, 

Wave-lengths. 

1. 

A 

=  7680 

Mascart. 

18. 

a'Hg 

5759 

Plilcker. 

2. 

B 

6897 

Fraunhofer. 

10. 

yCO^ 

5599 

it 

3. 

ah 

6763 

MulleiT 

20. 

ySnCL 

5584 

it 

4. 

<?N 

6610 

(( * 

21. 

l?Hg 

5461 

»i 

6. 

C 

6559 

Fraunhofer. 

22. 

oCl 

5451 

it 

6. 

crH 

6533 

Packer. 

23. 

^I 

5837 

ii 

6(. 

aPCIa 

6493 

»( 

24. 

^SnCL 

5333 

it 

7. 

aSnClj 

6445 

(( 

25. 

§0 

5328 

ii 

8. 

aSiCL 

6329 

It 

26. 

E 

5265 

Fraunhofer. 

9. 

«0 

6150 

(( 

27. 

|9C1 

5216 

Pllicker. 

10. 

UN 

6089 

(t 

28. 

^CO^ 

5190 

it 

11. 

|?PCl3 

6024 

it 

286. 

ro" 

5185 

it 

12. 

/?SiCL 

5978 

ti 

29. 

aBr 

=  5169 

ii 

13. 

n 

5947 

it 

30. 

el 

5167 

u 

14. 

D 

5888 

Fraunhofer. 

31. 

rSiCla 

5050 

*i 

15. 

i^SnClj, 

5794 

Pllicker. 

32. 

F 

4856 

Fraunhofer* 

18. 

a  Eg 

5782 

(1 

33. 

l?H 

4843 

Plucker. 

17. 

17N 

5762 

ti 

34. 

I^Br 

4793 

it 
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86.  ya 

86.  7  Br 

87.  SBr 

88.  CI 
886.  aSj, 

89.  ^I 

40.  yPCla 

41.  «SnCL 

42.  ^tCOa 
48.  ^I 

44.  lyCOj, 

45.  ^O 


4792 

PlOcker. 

46. 

rHg 

4859 

Placker. 

4766 

«( 

47. 

rH 

4889 

it 

4691 

u 

48. 

G 

4296 

Frannhofer. 

4661 

u 

49. 

tl 

4215 

Placker. 

4681 

Mttller. 

60. 

H 

8968 

Fraunhofer. 

4629 

Plttcker. 

61. 

L 

8791 

Esselbach. 

4591 

(( 

62. 

M 

8667 

u 

4624 

«< 

68. 

N 

8498 

i( 

4501 

tt 

64. 

0 

8860 

i( 

4446 

a 

66. 

P 

8290 

u 

4882 

4« 

56. 

Q 

8232 

<( 

4867 

«4 

57. 

R 

8091 

44 

w.  o. 


2.  Qn  the  phenomenon  of  interference  in  the  prismatic  and  diffraction 
spectra. — Stefan  bas  communicated  to  the  Viennese  Academy  an  inter- 
esting paper  on  the  interference  bands  discovered  by  Talbot  and  employed 
by  E^lbach,*  and  subsequently  by  Bernard,*  for  the  measurement  of  the 
wave-lengths  of  the  ultra-violet  rays.  Talbot's  method  of  obtaining 
these  bands  consists  in  placing  a  thin  plate  of  mica  before  the  eye  in 
such  a  way  as  to  cover  one*ha]f  of  the  pupil,  leaving  the  other  half  free. 
On  looking  at  a  prism  so  placed  that  the  spectrum  is  distinctly  seen, 
dark  baads  will  be  seen  parallel  to  the  edge  of  the  prism,  provided  that 
the  plate  of  mica  covers  the  half  of  the  pupil  which  is  upon  the  same 
side  with  the  edge  of  the  prism  producing  the  spectrum.  Stefan  remarks 
in  the  first  place,  that  the  mica  may  be  placed  anywhere  between  the 
eye  and  the  prism,  and  may  even  be  cemented  to  the  prism,  provided 
^at  it  cover  the  side  next  the  edge.  No  bands  are  seen  when  the  rays 
i)ass  either  through  the  covered  or  uncovered  part  of  the  prism  above, 
but  only  when  the  eye  receives  rays  which  have  passed  through  both 
these  portions.  The  plate  of  mica  may  be  cemented  to  the  farther  sur- 
face of  the  prism,  or  placed  at  any  point  between  the  prism  and  the  slit, 
iprovided  that  the  part  of  the  bundle  of  rays  which  traverses  the  plate 
«lso  passes  near  the  edge  of  the  prism.  The  same  bands  may  be  seen  in 
the  diffraction  spectra  produced  by  a  plate  of  ruled  glass :  when  the  mica 
covers  the  left  half  of  the  pupil  the  band?  are  seen  in  the  spectra  lying 
to  the  right,  and  vice  vered.  When  two  plates  of  mica  are  cemented  to 
the  same  ruled  glass,  one  to  the  right  and  the  other  to  the  left,  with  a 
narrow  space  between  them  which  occupies  the  center  of  the  pupil,  bands 
are  seen  on  both  sides  in  all  the  spectra.  These  bands  are  similar  when 
the  plates  are  of  equal  thickness;  they  disappear  when  the  plates  are 
brought  together,  unless  one  plate  is  thicker  than  the  other,  when  the 
bands  are  seen  toward  the  side  where  the  plate  is  thinnest.  The  plate 
isf  mica  must  not  be  too  thick  in  these  experiments,  as  otherwise  the 
number  and  fineness  of  the  lines  become  so  great  that  they  can  no  longer 
be  distinguished  by  the  eye.  For  a  prism  of  45^  the  author  uses  a  plate 
of  mica  01  millimeter  in  thickness;  with  a  prism  of  60®  glass  plates  up 
to  0*1^  mm.  may  be  used,  and  a  plate  of  this  thickness  gives  about  120 
lines  betw^n  B  and  H.  The  lines  produced  by  thicker  plates  are  best 
seen  by  looking  at  the  spectrum  with  a  telescope  and  placing  the  inter- 


Pogg.  Ano.,  xcviii,  618. 
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fereooe  plate,  as  Brewster  and  Airy  ha?e  done,  between  the  eye  and  the 
eye-piece  of  the  telescope,  only,  when  the  astronomical  or  inrertrng  eye- 
piece is  nsed,  the  plate  of  glass  or  mica  must  be  placed  upon  Um  side 
which  is  away  from  the  edge  of  the  prism.  Glass  plates  of  the  kind 
used  as  covering  glasses  for  microscopic  preparations  are  more  e^en  than 
plates  of  mica  and  give  much  sharper  lines.  The  interference  plate  may 
be  placed  anywhere  between  the  eye  and  the  slit  of  the  collimator.  By 
attaching  it  to  the  objective  on  the  side  toward  the  refracting  edge  of  the 
prism  the  lines  are  seen  at  once  over  the  whole  spectrum.  It  is  import-  • 
aut,  in  the  case  of  thick  plates,  that  the  surfaces  should  be  parallel.  A 
glass  plate  about  three  millimeters  in  thickness  with  a  flint  glass  prism  of 
60^,  gave  about  2500  very  sharp  and  distinct  bands  between  B  and  H. 
The  bands  near  B  are  produced  by  the  interference  of  rays  whose  differ- 
ence of  path  amounts  to  over  2700  wave-lengths,  while  the  interval  be- 
tween those  near  H  amounts  to  more  than  6000  wave-lengths.  By  in- 
clining the  interference  plate  its  optical  thickness  is  of  course  changed ; 
an  increase  of  the  inclination  causes  the  lines  to  run  from  the  violet  to 
the  i-ed  end  of  the  spectrum,  and  vice  versA,  The  lines  have  their  noaxi- 
mum  deviations  when  thq,  plate  is  perpendicular  to  the  direction  of  the 
ray,  and  this  affords  an  easy  method  of  adjustment.  As  the  plate  may 
be  placed  anywhere  between  the  objective  and  the  prism  or  between  the 
prism  and  the  collimator,  we  have  the  means  of  determining  the  influ- 
ence of  physical  changes  produced  in  the  plate  by  heat  or  pressure.  The 
same  statements  apply  in  general  to  the  phenonoena  as  seen  by  the  dif- 
fraction spectrum.  Finally  it  is  possible  to  produce  the  interference 
bands  by  placing  the  plate  in  front  of  the  slit  so  as  to  cover  one-half  of 
the  opening.  In  this  case  it  is  a  matter  of  indifference  upon  which  side 
of  the  slit  the  plate  is  placed. — Fogp,  Ann^  cxxii ;  from  Sitz^ngs  Ber, 
der  kais,  Akad,  der  Wies^  xlix.  w.  o. 

3.  On  thermo-electric  batteries  of  remarkable  power, — Bunsen  has 
found  that  kupferkies  possesses  a  far  higher  place  in  the  thermo-electric 
series  than  bismuth,  and  that  pyrolnsite  is  also  superior  to  the  metal 
though  inferior  to  kupferkies.  When  kupferkies  is  combined  with  an 
alloy  of  two  parts  of  antimony  and  one  of  tin,  or,  in  order  to  employ 
high  temperatures,  with  copper,  a  couple  is  produced  which,  under  equal 
circumstances,  gives  far  more  powerful  currents  than  any  combination 
hitherto  known.  In  four  experiments  the  ratio  between  the  electro-motive 
forces  in  a  kupferkies-copper  element  and  in  DanielFs  battery  was  found 
to  be  as  1 :  14*7,  1 :  11*9,  1 :  10*9,  and  1 :  9*7,  while  the  essential  resist- 
ances to  conduction  were  0-74,  0*79,  0*72,  and  0*72.  During  the  experi- 
ments the  temperature  of  one  end  of  the  element,  which  was  plunsed 
into  water,  was  about  60^  C,  while  that  of  the  other  end  was  above  that 
of  melting  tin.  The  battery  gives  a  ten  times  more  powerful  action  than 
a  bismuth-antimony  element  of  the  same  resistance  heated  to  0^  and 
100*.  Ten  pairs  of  the  kupfarkies-copper  elements  fully  replace  a  Dan- 
ielPs  pair  of  fourteen  square  centimeters  of  active  copper  surface.  Kup- 
ferkies is  easily  fused  at  a  high  temperature  and  may  bo  cast  in  a  mould, 
but  its  place  in  the  thermo-electric  series  is  then  far  below  that  of  bismuth. 
The  native  mineral,  which  is  easily  worked,  must  be  employed.  Pyrola- 
site  combined  with  platinum  gives  a  battery,  the  electro- motive  force  of 
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which  may  be  easily  brought  to  ^  of  that  of  Daniell's  battery  without 
deoompouDg  the  mineral.  In  one  experiment  Bunsen  found  the  electro- 
motive force  of  pyrolusite  and  platinum  not  less  than  -^l^  of  that  of  Diyieira 
battery,  but  the  resistance  to  conduction  was  18*4  times  as  great  as  that 
of  the  Daniell's  cell  used  for  comparison. — Pogg,  Ann,,  cxxii,  505. 

w.  o. 

4.  On  the  thallie  alcohols, — Under  this  term  Lamt  has  described  the 
compounds  which  are  formed  by  replacing  an  equivalent  of  hydrogen  in 

•  wood-spirit,  common  alcohol,  4c.,  by  an  equivalent  of  thallium,  and  which 

are  represented  respectively  by  the  formulas     ^  r^[  0,,     *  tIc  ^2» 

C    H      ) 

^^    %\  ^3'  ^^    Methyl-thallic  alcohol  is  solid  and  crystalline.    The 

ethyl  compound  is  a  heavy  colorless  oily  liquid ;  its  density  at  0^  is 
3*550;  its  indices  of  refraction  for  B  and  H  are  respectively  1*661  and 
1*759,  the  difference  between  these  numbers  which  measures  the  disper- 
sive power  is  0*098,  while  the  corresponding  difference  for  bisulphid  of 
carbon  is  0*079.  The  amyl-thallic  alcohol  is  also  a  colorless  oil,  but  its 
refractive  and  dispersive  powers  are  much  less  than  those  of  the  corres- 
ponding ethyl  compound,  which  is  at  once  the  heaviest,  the  most  refrac- 
tive and  the  most  dispersive  of  organic  compounds.  The  thallie  alcohols 
are  decomposed  by  boiling;  they  give  by  distillation  pure  hydrogen, 
alcohol,  the  corresponding  acid  and  a  large  residue  of  metallic  thallium. 
All  three  compounds  bum  in  the  air  with  a  green,  more  or  less  brilliant 
flame,  and  all  are  soluble  in  the  corresponding  alcohol  or  in  ether.  Chlo- 
roform also  dissolves  thallie  alcohols,  but  the  solution  is  soon  decomposed 
with  deposition  of  protochlorid  of  thallium.  Water  decomposes  these 
compounds,  producing  a  hydrate  of  the  oxyd  of  thallium  and  regenerat- 
ing the  alcohol  proper.  Acids  also  decompose  them,  but  carbonic  acid 
forms  a  solid  and  definite  combination.  The  analogy  between  this  class 
of  compounds  and  the  corresponding  bodies  containing  potassium  and 
sodium  is  striking,  and  confirms  the  correctness  of  the  view  which  asso- 
ciates thallium  with  the  alkaline  metals  and  separates  it  from  lead. — 
Comptes  Bendus,  lix,  780.  w.  o. 

5.  The,  Correlation  and  the  Conservation  of  Forces,^ — Under  this  title 
Br.  Youmans  has  presented  a  collection  of  memoirs  by  Grove,  Helmholtz, 
Mayer,  Faraday,  Liebig,  and  Carpenter,  together  with  a  well  written  in- 
troduction and  brief  biographical  notices  of  the  various  writers  whose 
works  he  has  collected.  The  work  is  a  very  welcome  addition  to  our  sci- 
entific literature,  and  will  be  particularly  acceptable  to  those  who  wish  to 
obtain  a  popular,  but  at  the  same  time  precise  and  clear  view  of  what 
Faraday  justly  calls  the  highest  law  in  physical  science — the  principle  of 
the  conservation  of  force.  To  scientific  men  the  book  will  also  be  most 
useful  for  convenience  of  reference.  Sufiicient  attention  has  not  been 
paid  to  the  publication  of  collected  monographs  or  memoirs  upon  special 
subjects.     Dr.  Youmans's  work  exhibits  the  value  of  such  collections  in  » 

'  The  Ck>rrelatioD  and  ConserratioD  of  Forces.  A  Series  of  Expositions,  by  Prof. 
Oroye,  Prof.  Hulmholtz,  Dr.  Mayer,  Dr.  Faraday,  Prof.  Liebig,  and  Dr.  Carpenter. 
With  an  Introduction,  and  Brief  Biographical  Notices  of  the  cSiief  Promoters  of  the 
New  Views.  By  Edward  L.  Toonums,  M.D.  12ido,  pp.  zlii,  488.  N.  Y. :  D.  Ap- 
pleton  ^  (>>. 
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▼ery  striking  manner,  and  we  earnestly  hope  that  his  excellent  example 
may  be  followed  in  other  branches  of  science.    Meantime  we  will  permit 
ourselves  to  beg  that  the  faithful  laborer  in  the  cause  of  science  and  the 
liberal  publisher  to  whom  we  owe  this  volume  will  still  further  add  to  the 
obligations  under  which  they  have  laid  men  of  science  by  giving  a  oom- 
|>lete  collection  of  the  mathematical  papers  which  have  appeared  upon 
the  subject  of  th^  mechanical  equivalent  of  heat,  and  which  are  now 
scattered  through  many  volumes  of  scientific  journals  and  transactions  of 
learned  societies,  so  as  to  be  accessible  to  few  and  inconvenient  A>r  all. 

6.,  A  new  devehping  solution. — Some  experiments  recently  undertaken 
ID  company  with  Mr.  A.  B.  Crockett  for  the  purpose  of  ascertaining  the 
qaality  of  different  developing  solutions,  have  led  us  to  the  conclusion  that 
a  mixture  of  double  sulphate  of  potash  and  iron  with  double  sulphate 
of  ammonia  and  iron,  produces  better  results  than  any  hitherto  u«ed* 
The  negatives  made  by  this  combination  are  remarkable  for  clearness  of 
the  shadows,  and  beauty  of  half  tones,  without  an  excess  of  intensity  in 
the  high  lights.     The  solutiqp  acts  with  remarkable  regularity  and  uni- 
fbrraiiy,  and  has  little  or  no  tendency  to  produce  fogginess,  or  a  thicken- 
ing of  the  fine  lines,  even  when  kept  upon  the  plate  for  a  long  time. 

In  practice  the  following  formula  was  found  most  convenient.  Although 
Dot  theoretically  exact,  it  produces  excellent  results. 

Pure  water,  -        -        -        -        -        -        32  02. 

Neutral  Rulphate  of  potash,       -        -        -        •      i  *' 

Proto-sulphate  of  iron, f   " 

Double  sulphate  of  ammonia  and  iron,        •        •     1   *' 
To  this  solution  add  two  drops  of  ammonia,  two  ounces  of  acetic  acid, 
And  alcohol  sufficient  to  make  it  flow  evenly  over  the  plate.        ▲.  e.  v. 

II.  GEOLOGY. 

I.  Note  on  ike  Geological  age  of  the  New  Jereey  ffighlande  as  held 
by  Prof,  H,  D.  Rogers  ;  by  J.  P.  Lbslky. — The  last  sentence  of  an  ar- 
ticle ID  the  January  number  of  the  American  Journal  of  Science,  (at  p. 
97,)  extracted  from  the  Proceedings  of  the  Natural  History  Society 
*  of  Montreal,  seems  to  me  to  do  great  injustice  to  Professor  H.  D. 
Bc^rs,  and  other  geologists,  whose  views  of  the  structure  and  rela^ 
tioDships  of  the  rocks  of  the  Highlands  have  long  been  published,  and 
Are  in  this  article  both  ignored  and  misrepresented.  The  sentence  to 
which  I  refer  reads  as  follows : — 

^This  conclusion,  although  opposed  to  the  views  of  Mather  and  Rogers, 
^ho  looked  upon  the  crystalline  rocks  of  the  latter  region  [the  High- 
lands, to  which  the  interesting  mineral  region  of  Orange  county  and  the 
adjacent  parts  of  New  Jersey  doubtless  belongs]  as  altered  Lower  Silurian 
•trata,  is  in  accordance  with  the  older  observations  of  Vanuxem  and  Keat- 
ingy  and  with  the  more  recent  ones  of  Professor  Cook,  according  to  all  of 
whom  the  gneiss  and  crystalline  limestone  of  Orange  county  and  of  New 
Jeniey  underlie  unconformably  the  Lower  Silurian  strata." 

Now  Prof.  Rogers,  to  my  certain  knowledge,  not  only  never  expressed 
•Dch  AD  opinion,  at  any  time,  but  has  always  maintained  just  the  reverse; 
and  proved,  thirty  years  ago,  what  be  published  on  page  43,  (Chap.  2,)  of 
▲m.  Joub.  Sol^Sboohd  Sbriss,  Vol.  XXXIX,  No.  lld.~MARCH,  1965. 
29 
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bis  New  Jersey  Report,  in  1840,  viz:  that  the  "sedimentary  rocks  [of 
the  Lower  Silurian  system]  repose  in  immediate  contact  with  the  gneiss, 
presenting  from  the  attitude  of  their  beds,  abundant  evidence  that  they 
were  precipitated  upon  it  [that  is,  upon  the  system  of  the  Highlands  in 
New  Jersey]  while  it  was  yet  only  in  part  elevated  above  the  waters." 
The  Canadian  geologists  will  find  in  these  words  a  clear  statement  of 
precisely  the  view  which  they  themselves  have  learn^  to  entertain  by 
their  week^s  excursion  last  summer. 

Whatever  errors  Rogers  may  have  made — and  we  all  make  errors — no 
one  can  chHrj2:e  him  justly  with  so  tremendous  a  blunder  as  that  of  re- 
garding the  Highland  range  as  a  metamorphic  repetition  of  the  Silurian 
sediments.  Ue  mistook  indeed  the  crystalline  limestones  engaged  among 
the  Highlands  fur  metamorphosed  synclinal  outliers  of  No.  II,  as  at 
Franklin  {^e  page  62,  New  Jersey  Report) ;  but  this  is  an  exceptional 
case,  as  any  one  can  see  by  studying  the  true  outlying  Silurian  synclinals 
represented  as  sunk  among  the  gneiss  hills  on  RogeiVs  long  sections  in 
the  New  Jersey  Report ;  or  by  referring  to  Uie  many  sections  (made  very 
nearly  at  the  same  time)  of  the  synclinal  Silurian  valleys  among  the  Dur- 
ham hills  of  Pennsylvania.  Professor  Cook  has  seen  horizontal  Pots- 
dam or  Calciferous  beds  overlying  these  upturned  Franklin  liniestones ; 
(see  this  Journal,  [2],  xxxii,  208) ;  and  there  are  exposures  of  sim- 
ilar crystalline  limestones,  west  of  New  Jersey,  where  the  evidence  is 
rather  in  favor  of,  than  against,  their  subsilurian  age.  But  Prof.  Rogers^s 
synthesis  of  Appalachian  K^^ology  was  on  too  grand  a  scale  to  permit  him 
to  overlook  at  a  whole  and  in  the  main  the  mutual  relationship  of  the 
Silurian  and  Azoic  Systems.  The  words  which  I  have  quoted  above  are 
immediately  followed  by  others  showing  how  clear  and  large  a  view  he 
took  of  the  subject,  a  view  which  the  Canadian  geologists  are  only  illus- 
trating : — 

"^  the  same  strata  [the  Silurian],  moreover,  hold  a  similar  relation  to 
our  primary  rocks  throughout  their  entire  range,  from  Vermont  to  Ala- 
bama, separated  from  them  by  no  other  group  of  strata  yet  discovered, 
claiming  an  earlier  origin,  I  have  deemed  it  expedient,  for  the  sake  of 
classification,  to  confer  upon  them  the  title  of  the  Older  Secondary  strata 
of  the  United  Scates ....  with  the  synonyme  of  the  Appalachian  JSy$-  * 
tern  of  Strata.''  (p.  44.) 

On  page  12,  liogers  designates  the  Highland  rocks  as  the  ^  Qnein 
system,''  and,  on  page  18,  carefully  distinguishes  them  from  the  Staten 
Island,  Trenton,  Philadelphia  rocks,  on  the  south,  as  he  subsequently  dis- 
tinguishes them  from  the  Potsdam,  Trenton,  and  Hudson  river  Silurian 
on  the  North.  On  page  11,  he  gives  his  column  of  Formations,  and 
places  the  *'  Primary  Bocks"  of  the  Highlands,  underneath  No,  6,  of  ihe 
^^  Lower  Secondary  Rocks  ;"^^n  white  quartzose  sandstone,  somewhat 
coarse  and  friable:  occurs  only  in  a  few  local i ties** ;  and  pages  12  to  48 
are  devoted  to  a  Chapter  on  tbese  rocks,  under  the  heading  ^^  Primary 
Bocks  of  the  State :  Geology  of  the  Highlands!' 

In  fine,  no  geologist,  even  of  small  capacity,  could  study  the  New  Jer- 
sey Highlands,  the  Durham  Hills  of  Eastern  Pennsylvania,  and  their 
continuations  in  the  South  Mountain  and  Blue  Ridge,  and  even  conceive 
the  suspicion,  much  less  publish  it  as  a  conviction,  that  their  strata  were 
metamorphic  representatives  of  the  Silurians.     We  know   very   well 
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that  to  sny  Chat  Kogen  thought  or  said  such  a  b^tisme  is  to  do  hmi  gi«oas 
iujustice. 

£a9t  of  the  Hudson,  there  seems  to  have  been  made  by  Rogers,  Hall, 
Lognn  and  many  others,  all,  in  fact,  except  Emmons,  a  gross  mistake  of 
this  kind,  owing  to  peculiar  circumstances,  principally  the  presence  of  a 
great  fault  of  unknown  size  and  location,  secondly,  by  the  obliteration  of 
the  usual  fossils  fW>m  the  top-slates  ("^  Hudson  River")  of  the  Lower  Silu- 
riau  System,  and  thirdly,  by  a  serious  change  in  the  Lower  Silurian  group 
itself,  viz.:  its  expansion  in  thickness  toward  the  northeast,  which  made  it 
at  first  to  be  confounded  with  the  true  Highland  gneiss^range  running 
behind  it.  But  in  Southern  New  York,  New  Jersey,  Pennsjiv«nia,  and 
iarlher  south,  no  such  mistake  was  possible,  and  at  least  was  never  made 
by  Rogers.  In  fact  he  had  enjoyed  such  advantages  for  studying  the  pho* 
nomena  of  this  very  belt  that  he  was  just  the  last  man  in  the  world  who 
could  have  made  it 

1  think  the  above  reclamation  is  due,  in  his  absence,  to  Professor  Rog- 
ers, whose  untiring  energy  and  devotion  to  Appalachian  geology  did  so 
much  to  lay  fundamental  views,  which  our  Canadian  frienda  will  find  k 
beyond  their  power  to  do  more  than  illustrate,  i  wish  they  would  try 
their  hand  at  bearing  the  veritable  crux  criticorum  of  our  geology,  the 
age  and  relationships  of  the  Philadelphia-Baltimore  belt.  There  is  also 
somethinc:  to  do  about  our  Potsdam  sandstone.  For  as  to  the  patches  of 
•o-called  i?otsdam  on  the  North  face  of  the  Highlands  at  Reading — the 
long  ridge  of  Potsdam  crossing  the  Schuyfkill,  15  miles  above  PhiladeU 

£hia — the  difis  of  so-called  Potsdam  at  Chicques  rock,  on  the  Susque- 
anna,  two  miles  above  Columbia — the  supposed  Potsdam  at  the  an^ 
ticlinal  of  the  Nittany  Valley,  crossing  the  Juniata  near  the  foot  of  the 
Alleghanies — I  think  it  is  very  doubtftil,  in  spite  of  the  Scoiiihui  iiveariB 
which  they  contain^  whether  these  correspond  exactly  to  rbe  New  York 
bottom  layer  of  the  Silurian.  The  structure  of  the  Chester  county  val- 
ley, of  white  marble,  with  a  Potsdam  barrier  on  the  north  and  a  mica 
slate  and  serpentine  country  on  the  south,  is  a  great  puzzle.  If  Sir  Wil- 
liam Logan  and  Prof.  Hall  will  take  ihtH  in  hand  they  will  run  small 
risk  of  doing  injust!ce  to  anybody. 

At  the  same  time,  it  is  very  satisfactory  to  have  .a  well  trained  Cana- 
dian eye,  familiar  with  Laurentian  lithology,  after  taking  a  good  look  at 
our  gneissic  mountains,  pronounce  them  (*ertainly  Laurentian  and  not 
Huroiiiaif,  and  to  receive  from  the  same  liigli  authority  the  announce- 
ment that  tlie  Sillery  sandstones  and  other  prominent  menil)ers  of  the 
Quebec  group  di^^appear,  coming  this  wi^y,  at  about  the  latitude  of  the 
Hudson  Gap.  For  we  have  been  looking  for  their  representatives  in 
Pennsylvauin,  in  -vain ;  although  Emmons  is  understood  as  identifying  his 
Taconic  isysteni  with  the  rocks  of  the  southeast  side  of  the  Great  Valley. 

Phiiadelpliia,  Jon.  18,  il8d5. 

•2.  SkulU  of  (he  Reindeer  Period  from  a  Belgian  hone-cave^  indicating 
a  superior^  cut  weU  ae  an  inferior^  race  of  jmmitive  men  in  Europe, — Prof. 
Tan^rmjcdb.v,  the  distinguished  zoologist  of  Belgium,  in  recent  explora- 
tions tin  caverns,  I>as  found,  as  he  writes  to  John  Lubboi'k,  Esq.,  of  'Chisel- 
biist,  :K(fnt,  crania  of  two  distinct  pre-historic  races,  of  the  Reindeer  period, 
and  one  of  them,  that  least  well  preserved,  **  est  franchemeDt  brach^j- 
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cephale  et  prognathe,  raws  avec  une  belle  boite  cranienne  "  The  cavern 
18  in  the  Carboniferous  limestone,  30  or  40  meters  above  the  level  of  the 
Lesse.  A  large  number  of  human  remains  were  found. — Reader^  Jan,  7. 
8.  CohU  of  fosHU.—Vfol  H.  A.  Ward,  of  Rochester,  New  York,  U 
contributing  greatly  to  the  difiiision  of  n  knowledge  of  geological  sciencft 
through  the  country,  by  furnishing  casts,  made  under  Ids  direction,  of 
fossils  of  various  kinds,  from  those  of  the  Megatherium,  Dinotherium^ 
Giyptodon,  and  othera  of  gigantic  dimensions,  to  those  of  Ammonites, 
Trilobites,  e.g^  of  JEpiornis,  Gold  nuggets,  etc.  The  casts  are  remarks 
ably  well  made,  firmly  secured  against  breaking,  and  of  high  finish.  All 
institutions  in  which  geology  is  taught,  would  find  it  greatly  to  their  ad- 
vantage to  supply  themselves  with  some  of  the  Rochester  casts. 

4.  ^Oeologkal  Survey  of  Canada,  Sir  W.  E.  Logan,  Director,  Figure^ 
qnd  Descriptions  of  Canadian  Organic  Remains,  Decade  II :  Oraptolites 
of  the  Quebec  Group,  by  James  IIalu  152  pages,  8vo,  with  21  plates 
and  many  wood-cuts.  Montreal,  1865:  Dawson  Brothers ;  London,  New 
York,  and  Paris:  Bailliere, — The  fii-st,  third  and  fourth  Decades  of  the 
figures  and  descriptions  of  Canadian  Organic  Remains,  published  as  a 
part  of  the  Reports  of  the  Geological  Survey  of  Canada,  were  issued  ia 
the  years  1858,1859,  as  announced  in  this  Journal  in  vol.  xxvi^  at  p. 
299,  and  vol.  xxviii,  at  p.  148.  The  second  Decade,  just  now  published, 
contains  an  elaborate  and  extended  memoir  on  the  Canadian  Graptolites 
by  James  Hall.  The  wonderful  variety  of  these  fossils  aflforded  by  the 
Quebec  group  has  enabled  Prof.  Hail  to  throw  great  light  on  the  growth, 
development  aud  structure  of  Graptolites.  The  numerous  plate*  con- 
tain full  and  excellent  illustrations  of  the  species*.  The  number  of  f^^ecie* 
recognized  in  the  Quebec  group  is  over  fifty,  and  none  of  these  are  known 
higher  in  the  series.  In  the  Trenton  and  Hudson  River  groups  the  whole 
number  known  is  about  thirty,  and  in  the  Upper  Silurian  there  are  bat 
two  (and  these  occur  in  the  Clinton  group),  exijepting  the  species  of  the 
genus  Dictyonema,  here  referred  by  Hall,  of  which  thene  are  three  speeiea 
in  the  Quebec  group,  one  in  the  Trenton,  three  in  the  Niagara,  one  in  the 
upper  Helderberg  and  two  in  the  Hamilton. 

5.  Al(jer^4  Cabinet  of  Minerals, — The  excellent  Cabinet  of  minerals, 
tnade  by  the  late  Francis  Alger,  of  Boston,  has  been  purchased  for  Alle- 
l^hany  College,  Meadville,  Pennsylvania. 

III.  BOTANY  AND  ZOOLOGY. 

1.  Harvard  University  Herbarium, — This  establishment  is  notioed  in 
the  Annual  Report  of  the  President  of  the  University  to  the  Board  of 
Overseers,  made  i«  January  last,  as  follows : — 

"  Dr.  Asa  Gray  has  presented  to  the  University  his  invaluable  Herba- 
rium and  his  Botanical  Library ;  which  have  been  safely  transferred  to 
the  fire-proof  building  furnished,  at  a  cost  of  over  twelve  thousand  dol- 
lars, by  the  generosity  of  Nathaniel  Thayer,  Esq.,  of  Boston.  A  lund 
has  also  been  raised  by  subscription,  for  the  support  and  increase  of  the 
collection. . .  ,  The  gift  of  Dr.  Gray  cannot  be  estimated  in  money^  but 
it  embraces  the  results  of  many  years*  labor  faithfully  given  by  that  dis- 
tinguished botanist,  aided  by  the  generosity  of  his  collaborators  and  oor- 
respondents  in  various  parta-of  the  world." 
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The  coUecUons  were  fennally  presented  by  the  folleving  letter :— * 

^       **  Botanic  Garden^,  Cambridffe,  If&9tmbrr  80, 1864. 
^To  the  R«T.  Dr.  Hill,  President  of  Hanrard  UDirersity, 

*^ My  Dear  Sir : — I  have  the  pleasure  to  inform  yon  that  the  Herbarinm 
and  Botanical  Library,  which  a  year  ago  I  ofl^red  to  present  to  the  Univer- 
eity,  are  now  safely  deposited  in  tbe  building  erected  for  their  reception  by 
Mr.  Thayer.  I  hare  regarded  thena  as  belonging  to  the  University  from 
the  beginning  of  the  present  year :  but  I  wish  more  formally  to  make 
^era  over  to  the  President  and  Fellows^  as  the  foundation  of  the  Har* 
varcj  University  Herbarium. 

"The  Herbarium  is  estimated  to  contain  at  least  200,0t»0  spec:men8, 
and  is  constantly  increasing.  From  the  very  large  number  of  typical 
specimens  it  comprises,  its  safe  preservation  is  very  important. 

"  The  Library,  from  the  rough  catalogue  which  has  been  made  ont» 
contains  about  2200  botanical  works — perhaps  1600  volumes,  and  nearly^ 
as  many  separate  memoirs,  tracts,  ^c 

^  Ttie  current  expenses  of  the  establishment  for  the  first  half  of  the 
year  now  drawing  to  a  close  have  been  defrayed  by  Dr.  Jacob  Bigelow^ 
who  placed  in  ray  hands  a  special  donation  of  two  hundred  dollars  for 
this  purpose. 

"  I  had  stated  that  the  income  of  a  capital  smn  of  $10,000  would  be 
required  to  defray  the  current  expenses  of  the  Herbarium,  i.  e;  for  the 
purchase  of  certain  collections  and  books  not  obtainable  by  exchange, 
for  freights  and  charges,  paper,  alcohol,  fuel,  Sec,  I  am  informed  that 
diis  sum,  which  Mr,  George  B.  Emerson  undertook  to  raise  by  subscnp* 
tion,  is  substantially  secured.  It  is  desirable,  but  probably  not  at  this 
time  practicable,  that  this  endowment  should  be  so  far  extended  as  to 
provide  for  the  services  of  a  Curator,  so  that  I  could  myself  devote  valu- 
able time  to  the  prosecution  of  important  botanical  yvorks  for  which  I  am 
prepared,  and  to  which  I  am  pledged. 

**  I  have  the  honor  to  be,  with  great  respect,  very  truly  yours, 

Asa  Gray." 

We  understand  that  extensive  collections  of  botanical  specimens,  to  be. 
added  to  the  herbarium,  have  recently  accrued.     Among  them  are — 

A  full  suite  of  Mr.  Charles  Wright's  collections,  (about  2500  speci- 
mens,) made  in  Cuba  during  the  past  four  years,  and  just  now  arranged 
and  distributed  among  botanists. 

A  very  interesting  set  of  plants  recently  collected,  chiefly  by  Professor 
Brewer,  in  the  Geological  Survey  of  California  under  Professor  Whitney, 

The  numerous  and  important  duplicate  Carice$,  (and  other  Cyperacea,) 
of  the  late  Dr.  Boott,  presebted  by  Mrs.  Boott ;  the  proper  herbarium, 
aet  of  Cfiricei  having  been  bequeathed  to  the  herbarium  of  the  Royal 
Gardens  at  Kew. 

A  lai!ge  collection  of  plants  of  Mauritius  and  Madagascar,  and  a  con- 
tiiraation  of  the  distribution  of  the  British  East  Indian  herbaria  of  Grif- 
•  ith.  Heifer,  ^c,  presented  by  the  directors  of  the  Royal  Botanical  Gar- 
dens and  Herbaria  at  Kew. 

A  similar  distribution  (in  continuation)  of  plants  of  the  Dutch  East 
Indies  and  Japan,  from  the  Royal  Netherlands  Herbarium,  Leyden,  nov 
under  the  charge  of  Professor  Miquel. 
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A  selection  from  the  Mexican  cpl lections  of  the  late  Professor  Lieb- 
mann  (OhIc?,  Fern«,  Cj/peracecg,  Ac.) ;  from  the  Royal  Danish  Botanic 
•Garden,  Copnhagen. 

An  extensive  set  of  authentically  determined  plants  of  Persia,  Siberia^ 
and  Northern  China,  from  Professor  Bunge  of  Dorpat;  and  of  Algerian 
-phintH,  «kc.,  from  Dr.  Cosson. 

A  set  of  Maudon's  plants  of  the  Andes  of  Bolivia;  acquired  by 
purchase. 

A  fine  general  collection  of  Alpce^  from  Professor  Agardh  of  Lund, 
authentically  named,  according  to  his  new  Speciei  Algarum, 

But  the  most  notable  accession  is  the  munificent  gid  which  has  just 
been  made  by  John  A.  Lowell,  Ettq.,  of  all  the  botanical  books  of  his  own 
library  which  the  new  establishment  did  not  already  possess,  being  chiefly 
very  large,  choice,  and  costly  works,  such  as  the  Flora  Daniea,  Sibthorp'a 
Flora  Grieca,  Bnteman's  Orchidacese  of  Guatemala,  the  Botanical  Regis- 
ter, Botanical  Cabinet,  Botanical  Repository,  Richenbach^s  Icones,  the 
large'  edition  of  Duhamel,  the  great  works  of  Jacquin,  and  others  of  the 
same  character, — in  all  335  volumes,  the  pecuniary  value  of  which  must 
be  reckoned  at  several  thousand  dollars. 

The  building,  to  which  these  treasures  are  consigned,  is  of  brick,  upon 
a  granite  foundation,  with  freestone  facings,  is  32  feet  in  front  and  56 
fe«)t  deep,  a  story  and  a  half  liigh,  the  walls  all  hollow  and  ventilated,  for 
greater  security  from  dampness.  On  the  side  next  the  residence  of  tlie 
Professor  (with  whose  private  study  it  is  connected  by  a  cold  conserva- 
tory,  18  feet  in  length),  the  wall  i«  entire,  except  at  the  private  entrance, 
which  is  guarded  by  a  double  set  of  wrought  iron  doors.  The  room  for 
the  herbarium  (for  greater  security  against  fire)  is  also  separated  from 
the  small  working-rooms  and  library  and  entry  in  front,  by  a  hollow 
brick  partition,  through  which  passage  is  had  only  by  heavy  iron  doors, 
lu  the  half-story  over  the  front  rooms  are  two  other  commodious  working 
or  store  rooms.  The  principal  room,  for  the  herbarium,  is  about  80^  by 
35  feet,  and  19  feet  high  to  the  vaulted  ceiling.  It  is  lighted  by  a  domed 
skylight,  aud  by  a  large  double  window  in  the  north-western  end.  At  the 
height  of  about  8  feet,  an  iron  gallery,  four  feet  deep,  surrounds  the  apart- 
ment, interruf»ted  only  by  the  large  window.  The  space  betweeu  the 
floor  and  the  gallery  is  completely  filled  by  the  herbarium-cabinets,  ex- 
cept upon  one  side  of  the  entrance,  where  a  sort  of  furnace  or  stove,  of 
80ap<tone,  cliiefly  in  the  front  room,  comes  through  the  partition  wall,  and 
supplies  warm  air  by  registers.  The  walls  above  the  gallery  are  reserved 
for  a  second  and  similar  tier  of  cabinets,  to  be  constructed  when  needed. 
The  cabinets,  casings,  and  all  the  woodwork  except  the  floors  (which  are 
of  hard  pine,  bedded  in  mortar)  are  of  chestnut  wood.  The  building 
was  constructed  under  the  superintendence  of  the  architect,  Mr.  Edwaj-d 
D.  Harris,  in  a  thorough  and  durable  manner,  and  it  is  hoped  will  form 
A  safe  and  pennanent  place  of  deposit  for  the  collections  which  have  been 
and  may  hereafter  be  consigned*  to  it. 

2.  Slorya'bouta  Cedar  of  Lebanon, — In  the  Edinburgh  Review  for 
October  last,  turning  over  the  pages  of  an  article  on  Coniferous  Trees,  we 
read,  with  more  of  amusement  than  instruction,  a  detaileil  account  of  the 
iamous  Cedar  ^of  Lebanon,  io  the  Jardin  des  Plantes,  which,  the  Review- 


Digitized  by  VjOOQ  IC 


Botany  €tnd  Zoology,  •    22T 

er  infi^rms  us,  k  ^  well-known  from  an  anecdote  connected  witli  its  arrival 
there." 

**  It  appears  that  about  one  liandred  and  thirty  years  ago,  viz.  in  1737, 
M.  Bernard  de  Jussieu,  the  celebrated  botaniHt,  when  travelling  in  the 
Holy  Land^  bad  brought  away  with  him,  from  among  the  cedars  of 
Mount  Lebanon,  a  little  seedling.  Being  unprovided  wiih  better  means 
of  conveyance,  ke  made  a  fiotoer  pot  of  kii  hafy  in  which  he  planted  it. 
Be  got  it  safely  on  board  tJie  vessel  in  which  he  sailed  for  France ;  but 
tempestuous  weather  and  contrary  winds  drove  the  sliip  out  of  her 
course,  and  prolonged  the  voyage  so  much  that  the  WHter  bcgriin  to  fail,"' 
....  And  Uie  narrative  goes  on,  at  great  length,  to  say  how  the  passen- 
gers were  reduced  to  the  allowance  of  half  a  glassful  of  water  a  day, — 
how  JusHieu,  ^all  through  the  lengthened  voyage,  under  the  bright  sunr 
of  the  Mediterranean,  shared  his  half  glassful  of  water  with  his  little 
plant," — how  "  his  own  strength  began  to  sink  under  the  prolonged  pri« 
VNticm,  bnt  he  n>  ver  flinched,  and  arrived  at  Marseilles  with  his  own* 
health  damaged,  but  with  that  of  his  little  plant  uninjured," — how  it  is 
said  that  he  came  near  losing  his  treasure  through  the  incredulity  of  the 
custom  house  ofiicers,  who  su.«pecte^l  a  contrivance  for  smuggling  jewel» 
or  prohibited  articles  undty  the  roots  of  the  seedling; — how  bin  entreaties 
and  eloquent  appeals  at  length  prevailed,  and  he  was  allowed  to  carry 
his  seedling  undisturbed  to  the  Jardin  de»  Planteu^  where  it  was  planted, 
and  became  a  great  and  famous  tree; — how  it  grew  and  flourished  unlit 
it  reached  one  hundred  years  of  age  and  80  feet  in  height;  and,  flnally, 
how  •♦  in  its  hundredth  year  (1837)  it  was  cut  down  to  make  room  for  a 
railway y  and  now  the  hiesing  uteam-enyine  passee  over  the  place  where  it 
etoodJ^     (The  italics  are  our  own.) 

Of  course,  it  is  almost  unnecessary  to  tell  our  readers  that  Bernard 
Jussieu  never  visited  the  Holy  Land,  and  was  not  likely,  if  he  had,  to 
come  home  bare-headed,  using  his  hat  the  while  for  a  pot ;  that  the  fact, 
or  at  least  the  accepted  tradition,  is  merely  this,  that  he  btx>ught  the 
seedling  Cedar  from  England  to  Paris  in  his  hat.  The  story  of  the  voy- 
age from  the  Levant  to  Marseilles  appears  to  be  an  adaptation  of  one 
about  the  three  Cufiee-plants,  which  Antoine  de  Jussieu,  in  the  year  1720, 
sent  from  the  Jardin  dee  Plantee  to  the  vessel  commanded  by  Capt.  De- 
clieux,  who  was  charged  by  the  French  Government  with  the  duty  of 
tninsporting  them  to  Martinique.  The  voyage  being  unusually  long,  the 
water  is  said  to  have  given  out,  two  of  the  precious  plants  died,  and  the 
remaining  one  is  said  to  have  been  kept  alive  by  the  devotion  of  the 
Captain,  who  bestowed  upon  it  his  own  scanty  ration  of  water,  and  so 
preserved  the  ancestor  of  all  the  coffee-plantations  of  the  Antilles.  For 
this  devotion,  we  presume,  his  name  is  commemorated  in  the  genus  2>e- 
dievxia^  of  the  Coffee  Family. 

What  are  the  other  ingredients  of  this  pot-pourri  we  are  unable  to 
conjecture.  But  the  naturalists  of  the  Jardin  dee  Plantee  may  be  some- 
what astonished  to  learn  that  a  railway  traverses  their  peaceful  gronmls, 
and  that  a  hissing  steam-engine  runs  over  the  steep  little  hill  upon  which 
flourished,  and  as  they  fondly  imagine  still  flourishes,  Bernard  de  J  ussien^s 
Cedar  of  Lebanon. 

We  learn  from  this  same  article,  farther  on,  that  "poor  Douglas,"  the 
botanical  explorer  of  Oregon  and  California,  **  perished  at  last  in  a  pit- 
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fall  set  for  bean  or  hvffaloB  in  a  North  American  forest ;  and  that  the 
average  height  of  full-grown  trees  of  the  Mountain  Redwood,  {Sequoia 
qiganteoy  wliich  they  still  call  Wellingtonia  in  Scotland)  is  full  three 
hundred  feet  I 

3.  Calluna  vulgaris  in  Newfoundland. — Mr.  Murray,  late  of  the  Geo- 
logical Survey  of  Canada,  and  now  engaged  in  a  survey  of  Newfound* 
laud,  has  brought  to  Montreal  specimens  of  tliis  plant,  which  were  col- 
lected by  Judge  Robins >n,  on  the  cast  coast  of  Newfoundland,  near  Fer* 
ryland  (Int.  47°,  long.  52°  60'),  and  which  are  suited  to  be  from  a  small 
patch  of  the  plant  not  more  than  three  yards  square. 

4.  Preservation  of  Star JUhet  with  natural  colors  ;  by  A.  E.  Vbrbill. — 
Starfishes  may  be  drieil,  so  as  to  retain  iheir  natural  colors  almost  unim- 
paired, by  immersing  thorn  in  alcohol  of  moderate  strength  for  about  a 
minute,  or  just  long  enough  to  destroy  the  life  and  produce  contraction 
of  the  tissues,  and  afterward  drying  them  rapidly  by  artificial  heat. 
The  drying  is  best  eftected  by  placing  them  upon  an  open  cloth  stretched 
tightly  n|K)n  a  frame  and  suppoittxl  a  few  feet  above  a  stove.  Care  should 
be  taken  not  to  raine  the  heat  too  high,  as  the  green  shades  change  to  red 
at  a  temperature  near  that  of  boiling  water.  By  this  process  1  have  suc- 
ceeded in  preserving  the  delicate  shades  of  red,  purple  and  orange  of  the 
species  found  on  the  coast  of  New  England,  including  Solaster  papposus^ 
o.  endecoy  Cribella,  Asteracanthion  pallida^  A.  littoralis,  and  various  other 
species,  specimens  of  which  are  in  the  Museum  of  Yale  Oolli'ge. 

The  same  process  is  equally  applicable  to  Echini  and  Crustacea. 

5.  A  new  American  Silkworm, — Afu^r  numerous  experiments,  Mr.  L 
Trouvelot,  of  Medibrd,  Mass.,  has  succeeded  in  rearing  suocessfully,  and  in 
great  numbers,  Att(icus  Polyphemus  Linn.,  and  in  preparing  from  its 
cocoon  an  excelleut  quality  of  silk,  possessing  great  lustre  and  strength, 
and  pronounced  superior  to  Japanese  and  all  other  silks,  except  the  best 
Chinese,  by  competent  judges. 

The  bilk  is  unwound  by  a  simple  process  perfected  by  Mr.  Trourelot, 
each  cocoon  yielding  about  1600  yards.  This  insect  is  very  hardy,  being 
found  throughout  the  Northern  States  and  Canada;  and,  as  it  feeds  upon 
the  leaves  of  oak,  maple,  willow,  and  other  common  forest  trees,  may  be 
reared  easily  in  any  part  of  the  country. 

Mr.  Trouvelot  has  gradually  increased  his  stock  from  year  to  year,  by 
raising  young  from  the  eggs  of  the  few  individuals  first  captured,  until 
he  has  at  present  seven  wagon-loads  of  cocoons,  the  entire  progeny  of 
which  he  proposes  to  raise  during  the  coming  season. 

The  thanks  of  the  country  are  due  to  the  ingenious  and  persevering 
author  of  this  successful  attempt  to  introduce  a  new  and  interesting  field 
for  industry  and  enterprise,  which  cannot  fail  to  be  a  source  of  profit  to 
those  who  intelligently  engage  in  it,  and  of  increased  wealth  and  prosper- 
ity to  the  people,  should  it  be  developed  to  the  extent  that  now  seems 
possible. 

The  first  public  notice  of  his  experiments  with  this  insect  was  given  bj 
Mr.  Trouvelot  at  a  meeting  of  the  Institute  of  Technology,  at  Boston, 
about  a  year  ago,  when  he  exhibited  specimens  of  silk  manufactoted 
from  it,  both  natural-colored  and  dyed.  a.  x.  t. 
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IV.   ASTBONOMY  AlO)  METEOBOLOGY. 

1.  Shooting  Stars  of  Nov,  11-14,  1864. — Since  tbe  last  No.  of  the 
Journal  of  Science  was  issued  the  Committee  on  Meteors  of  the  Con» 
necticut  Academy  of  Arts  and  Sciences  have  received,  by  letter  from  Prof, 
B.  Silliman,  dated  in  California,  tbe  following  observations  obtained  by 
him,  while  in  that  part  of  the  country : — 

First ;  Obtervations  at  Virginia,  in  Nevada^  made  hy  Mr.  Richard  H. 
Strbtor: — Nov,  \2lh.  One  observer.  Three  hours  watch,  from  1*>  16"» 
a.m.  to  4*>  15"*  A.M.  Eighteen  shooting  stars  were  observed.  Twelve 
were  conformable  to  the  well-known  radiant  in  Leo,  although  four  of  the 
number  exhibit  large  deviations.  But  the  deviations  are  about  equal, 
on  either  side  of  the  radiant  Of  the  number  that  were  not  conformable, 
five  had  their  courses  directed  from  an  area,  3^^  in  diameter,  in  the  same 
general  quarter  of  the  heavens,  but  far  to  tlie  north, — in  fact,  centered 
about  1**  N.W.  of  ^  in  U,  Major,  Only  one — and  that  of  small  magni- 
tudes-exhibited no  tendency  from  the  common  radiant  All  w^re  yellow, 
except  one  that  exploded  with  a  beautiful  green  light  Nearly  all  ap* 
peared  as  brilliant  points  of  light, — and  six  of  the  number  were  as  con- 
spicuous as  stars  of  the  first  magnitude ;  also  four  of  the  latter  were 
remarkable  either  for  scintillations,  or  explosion,  or  broad  trains  attending 
them.     These  four  were  of  the  twelve  first  above  mentioned. 

Nov,  IZth, — The  same  obsei^ver.  His  wat<.*h  was  begun  at  I**  46°*  a.  m. 
In  one  hour  and  eight  minutes  twenty-two  falling  stars  were  seen  through 
the  moonlight  Afterward  twenty-four  more  were  observed,  during  a 
time  not  stated,  but  ending,  not  improbably,  about  4^^  a.  m. — as  on  the 
morning  preceding.  Excepting  No.  22,  at  21*  53*°,  all  appeared  as  points 
of  yellow  light  Mr.  Stretch  has  illustrated  the  phases  of  this  No.  22, 
by  three  sketches.  It  exploded  like  a  rocket,  its  tail  dropped,  and  grew 
shaggy  and  broad,  it  turned  from  yellow  to  red,  shaping  itself,  at  first, 
like  the  horn  of  an  ox,  and  finally  like  a  corona;  or,  more  nearly  like  a 
blunt  crescent  occupying  three-fourths  of  a  circle,  vnth  the  left  hand 
branch  exceeding  the  other  one-half  in  length,  but  of  much  less  curva- 
ture.   The  duration  was  three-quarters  of  a  minute. 

It  is  remarkable  that  the  entire  group  was  conformable  to  a  common 
radiant ;  although  eight  of  the  forty-six — and  only  eight — show  a  large 
deviation — a  part  to  the  east,  but  more  to  the  west  This  radiant,  how- 
ever, was  in  A.  R.  166®  and  N.  Dec.  24®, — or  nearly  seven  degrees  of  aro 
eastward  by  northward  of  its  ordinary  situation.  This  position,  and  the 
same  of  the  12th,  are  derived  from  the  very  neat  charts  which  accom- 
pany the  observations  of  Mr.  Stretch,  and  which  have  every  meteor*8 
flight  traced  clearly  and  numbered  upon  them. 

Second  ;  Observations  at  Shasta,  Nevada,  made  by  Mr.  G.  K,  God- 
VREY.  Nov,  14/A. — ^Time,  from  midnight  until  2^  a.  m.,  certainly,  and 
probably  until  later.  At  midnight  Mr.  Godfrey  had  his  attention  at- 
tracted, ^  while  riding  into  Shasta,  by  the  falling  of  innumerable  stars." 
Of  these  he  counted  '*  some  fifty,"  but  the  time  of  counting  is  not  stated. 
Occasionally  a  star  '*  shot  off  to  the  east  with  great  velocity,  leaving  a 
brilliant  trail  behind.  There  were  some  which  **  cast  a  bright  aciutilla- 
Am.  Joitb.  Scl^Bbooitd  Ssbibs,  Vol.  XXXIX,  No.  116w^Maboh,  1866. 
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tion  of  a  violet  color,"  another  group  *•  were  of  a  'deep  crimson,  and 
much  larger,  apparently,  than  the  fixed  stars,  and  described  a  small  aro 
in  the  sky,  and  were  confined  to  a  small  space  in  the  heavens."  These 
last  expressions  agree  (color  excepted)  with  the  striking  appearances,  in 
1833,  of  a  limited  space  around  the  radiant;  but  Mr.  Godfrey  has  not 
stated,  even  in  general  terms,  the  position  of  the  **  small  space"  which  ho 
has  described.  All  that  can  be  certainly  inferred  from  his  account  is  the 
simple  fact  that  shooting  stars  appeared,  at  Shasta,  on  the  morning  of 
Nov.  14th  last,  in  such  numbers,  and  of  such  brilliancy,  as  to  Qx  Mr. 
Godfrey^s  attention  upon  them  for,  at  least,  two  hours  without  any  pre* 
vious  notice  or  expectation  of  such  an  occurrence.  a.  c.  t. 

New  Haven,  Jan.  5. 

2.  Meteor  and  Meteoritet  of  Orgueil, — On  the  evening  of  the  14th  of 
May,  1864,  a  very  bright  fireball  was  seen  in  France  throughout  the 
whole  region  from  Paris  to  the  Pyrenees.  Loud  detonations  were  heard 
in  the  neighborhood  of  Montauban,  and  a  large  number  of  stones  came 
down  near  the  villages  of  Orgueil  and  Nohic.  The  passage  of  the  meteor 
was  witnessed  by  a  large  number  of  intelligent  observers  since  it  occurred 
early  in  the  evening.  Numerous  accounts  of  its  appearance  have  been 
published  in  the  Comptes  Bendus. 

This  fall  of  meteorites  is  of  peculiar  interest.  Whilst  we  have  over  a 
hundred,  large  fireballs  and  detonating  meteors  whose  paths  through  the 
atmosphere  have  been  computed,  with  more  or  less  precision,  there  are 
only  four  or  five  of  them  from  which  stones  have  been  known  to  come. 
Of  these  four  or  five  only  one,  the  Weston  meteor,  has  been  so  well  ob- 
served that  we  can  speak  with  confidence  of  its  path. 

The  published  accounts  show  that  the  Orgueil  meteor  was  first  seen  at 
an  altitude  greater  than  65  miles,  that  it  exploded  at  an  altitude  of  about 
20  miles,  and  that  it  was  descending  in  a  line  inclined  at  the  least  20^  or 
26^  to  the  horizon.  The  velocity  must  have  been  not  less  than  ]  6  or  20 
miles  per  second.  This  example  afibrds  the  strongest  proof  that  the 
stone- producing  meteors  and  the  detonating  meteors  are  phenomena  not 
essentially  unlike.  h.  a.  n. 

3.  Chemical  and  mineralogieal  ckaractere  of  the  meteorite  of  Orgueil, — 
Dadbr£r,  Clobz,  Pisani  and  DbsCloizeacx  have  communicated  to  the 
French  Academy  papers  on  the  physical  and  chemical  characters  of  the 
Orgueil  meteorite.  In  outward  appearance  it  resembles  an  earthy  lig- 
Bite.  The  dark  mass  contains  minute  grains  of  a  bronze  yellow  sub- 
stance having  a  metallic  lustre  and  a  high  density,  which  permits  its  easy 
separation  from  the  main  portion  of  the  meteorite  by  levigation  ;  observed 
under  the  microscope,  these  particles  are  seen  to  be  distinct  hexagonal 
tables;  they  are  strongly  attracted  by  the  magnet  and  have  all  the  physi- 
cal and  chemical  properties  of  magnetic  pyrites.  A  vei^  marked  charac- 
teristic of  the  meteorite  is,  that  when  placed  in  water  it  falls  to  powder, 
and  a  portion  of  it  is  in  such  an  extreme  state  of  mechanical  division 
that  it  remains  a  long  time  in  suspension  in  the  water,  and  passes  through 
the  closest  filter  paper.  The  density  of  the  meteorite  taken  in  pure  ben- 
zine gave  Cloez  2*567.  An  analysis  by  this  chemist  shows  it  to  contain 
a  considerable  amount  of  magnetic  oxyd  of  iron,  besides  silicates,  proto- 
sutphid  of  iron,  traces  of  nickel  and  chromium,  5*92  per  cent  of  carbon 
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^probably  of  the  grApbitic  form),  9-06  p.  c  of  water  and  6*30  p.  c.  of 
matter  soluble  in  water,  consisting  of  cblorids  of  ammonium,  lodium  and 
potassium,  and  sulphates  of  magnesia,  soda,  etc.  It  is  decomposed  by 
chlorbjdric  acid  with  evolution  of  sulphuretted  hydrogen  giving  a  green- 
ish yellow  Folution  and  leaving  a  black  residue  amounting  to  7*0  p.  c; 
this  residue  when  heated  with  excess  of  air  burns  and  leaves  a  gray  sub- 
stance Amounting  to  2*2  p.  c 

Pisani  confirms  the  observations  of  Cloez  as  to  the  peculiar  comport- 
ment of  this  stone  when  treated  with  water,  and  calls  attention  to  its 
porof^ity,  and  to  the  fact  that  this  accounu  for  the  facility  with  which  the 
aulphids  have  become  oxydized  to  sulphates  and  liyposulpbites,  and  for 
the  avidity  which  a  dried  specimen  of  it  has  for  water.  An  experiment 
showed  that  a  specimen  dried  at  110°  C.  absorbed  1  p.  c.  of  water  in  a 
few  hours  when  simply  exposed  to  the  air.  Pisani  found  3*35  p.  c.  of 
matters  soluble  in  water  in  operating  on  about  18  grams  of  the  undried 
substance.  This  contained  hyposulpluirous  acid  0*48,  sulphuric  acid  1*40, 
chlorine  0*08,  magnesia  0*30,  lime  016,  potash  0*60,  soda,  ammonia,  etc., 
and  loss  0*77.  Alcohol  took  up  0*37  p.  c.  which  proved  to  consist  chiefly 
of  sulphur.  Pisani^s  tabulated  results  give  for  the  composition  of  the 
whole  meteorite : 


Si 
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fin 

C. 
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t 

SI 
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17-00 

606 

0-36 

1-85 

2-26 

019 

0-90, 

together  with  chromic  iron  0*49,  magnetic  iron  12*03,  nickeliferous  sul- 
pliid  of  iron  16*97,  water  and  supposed  organic  substances  14'9I=:100. 
This  give^for  the  oxygen  ratio  of  the  oxyds  and  silica  9*98 :  13*90=3  : 4. 
Pisani  proved  the  presence  of  magnetic  iron  by  dissolving  the  mineral 
in  hot  nitric  acid  which  decomposed  the  silicate  and  the  sulphids,  and  left 
a  black  magnetic  residue.  The  nickel  was  proved  to  exist  as  sulphid  by 
treating  the  substance  with  sulphid  of  ammonium,  which  dissolved  out 
sulphid  of  nickel.  The  stone  contains  65*60  p.  c.  of  silicates,  and  taking 
into  account  the  water  determined  by  Cloez,  the  oxygen  ratio  of  the  sili- 
cate ie  that  of  serpentine.  If  the  alumina  is  due  to  anorthiteit  will  give 
2*42  p.  c.  of  this  feldspar  contained  in  the  meteorite.  Subsequent  ol>s^rva- 
tions  by  Des  Cloizeaux,  Pisani,  Daubr^e  and  CloSz  prove  that  this  re- 
markable meteorite  contains  minute  rhombohedral  crystals  of  a  doublo 
carbonate  of  magnesia  and  iron,  and  Clo§z  obtained  a  little  more  than 
half  of  one  per  cent  of  carbonic  acid  from  a  portion  of  the  meteorite 
operated  upon, —  Comples  Bendus,  May  30,  July  18,  and  Nov.  14,  1864. 

o.  J.  B. 

4.  Shooting  Stars  of  Jan,  2rf. — On  the  morning  of  Jan.  2d,  1 865, 
shooting  stare  were  sufficiently  numerous  to  attract  the  attention,  at  New 
Baven,  of  those  who  were  not  aware  that  unusual  numbers  were  looked 
for  on  that  morning. 

5.  Discovery  of  anofJier  Asteroid,  Alcmene,  @. — Another  small  planet 
was  disco^vred  l^  Luther,  at  Bilk,  on  the  27th  of  November,  1864.  It 
has  been  named  Alcmene.  Oppolzer  of  Vienna  gives  the  following  ele- 
ments of  its  orbit,  computed  from  observations  of  Nov.  ^7th,  Dec.  34f 
and  Dec  dtb. 
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Epoch  Dec.  00,  Berlin  m.  t  t=  3**    8'  U" 

MrzSOSMO'    V  <r=n    26  41 

3rz=136    47   60  /ei=78l"'162 

(2=    28   49  28  log  a=0'438181. 

6.  Comet  IV,  1864.— On  the  11th  of  December,  1864,  Mr.  Baker  at 
Nauen,  near  Berlin,  discovered  a  telescopic  comet. 

1,  Spectrum  of  a  shooting  star. — Herschel  has  recently  observed  the 
spectrum  of  a  shooting  star.  It  appeared  near  Capella,  and  was  almost 
as  brilliant  as  that  star.  He  followed  it  for  more  than  a  second  in  its 
rather  slow  motion,  and  ascertained  that  its  spectrum  was  as  continuooa 
a  spectrum  as  that  of  Capella,  and  a  little  more  extended,  and,  therefore, 
that  it  consisted  of  a  solid  or  liquid  substance  and  not  of  a  gas  or  incan- 
descent vapor,  as  Mr.  Huggins  has  suggested  with  regard  to  some  nebulae. 

V.    MISCELLANEOUS  INTELLIGENCE  AND  BIBLIOGRAPHY. 

1.  Patent  regenerative  Gas-furnaces,  of  C.W,  &  F.  Siemens. — Pro- 
fessor Faraday,  in  his  lecture  at  the  Royal  Institution,  on  the  20th  June, 
1862,  describes  these  furnaces  in  the  following  terms : — 

''The  gaseous  fuel  is  obtained  by  the  mutual  action  of  coal,  air,  and 
water  at  a  moderate  red  heat  A  brick  chamber,  perhaps  6  ft  by  12  ft, 
and  about  10  ft.  high,  has  one  of  its  end  walls  converted  into  a  fire- 
grate, t.  e.,  about  half  way  down  it  is  a  solid  plate,  and  for.  the  rest  of  the 
distance  consists  of  strong  lK>nzontal  plate  bars  where  air  enters,  the 
whole  being  at  an  inclination  such  as  that  which  the  sjde  of'  a  heap  of 
coals  would  naturaUy  take.  Coals  are  poured,  through  openings  above, 
upon  this  combination  of  wall  and  grate,  and  being  fired  at  the  under 
surface,  they  burn  at  the  place  where  the  air  enters ;  but  as  the  layer  of 
coal  is  from  2  to  3  feet  thick,  various  operations  go  on  in  those  parts  of 
the  fuel  which  cannot  burn  for  want  of  air.  Thus  the  upper  and  cooler 
part  of  the  coal  produ^ies  a  large  body  of  hydrocarbons ;  the  cinders  or 
coke  which  are  not  volatilized,  approach,  in  descending,  toward  the  grate; 
that  part  which  is  nearest  the  grate,  burns  with  the  entering  air  into  car- 
bonic acid,  and  the  heat  evolved  ignites  the  mass  above  it ;  the  carbonie 
acid,  passing  slowly  through  the  ignited  carbon,  becomes  converted  into 
carbonic  oxyd,  and  mingles  in  the  upper  part  of  the  chamber  (or  gat 
producer)  with  the  former  hydro-carbons.  The  water,  which  is  purposely 
introduced  at  the  bottom  of  the  arrangement,  is  first  vaporized  by  the 
heat,  and  then  decomposed  by  the  ignited  fuel,  and  re-arranged  as  hy- 
drogen and  carbonic  oxyd;  and  only  the  ashes  of  the  coal  are  removed 
as  solid  matter  from  the  chamber  at  the  bottom  of  the  fire-bars. 

These  mixed  gases  form  the  gaseous  fuel  The  nitrogen  which  entered 
with  the  air  at  the^rate  is  mingled  with  them,  constituting  about  a  third 
of  the  whole  volume.  The  gas  rises  up  a  large  vertical  tube  for  12  or 
16  feet,  after  which  it  proceeds  horizontally  for  any  required  distance* 
and  then  descends  to  the  heat-regenerator,  through  which  u  passes  be- 
fore it  enters  the  furnaces.  A  regenerator  is  a  chamber  packed  with  fire- 
/bricks,  separated  so  as  to  allow  of  the  free  passage  of  air  or  gas  between 
ihem.  There  are  four  placed  under  a  furnace.  The  ^as  ascends  through 
«one  of  these  charabera,  w-hilst  4iir   ascends  tli rough   the  neighboring^ 
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chamber,  and  both  are  conducted  through  passage  outlets  at  one  end  of 
the  furnace,  where  mingh'ng,  they  burn,  producing  the  heat  due  to  their 
chemical  action.  Passing  onward  to  the  other  end  of  the  furnace,  they 
(t.  e^  the  combined  gases)  find  precisely  similar  outlets  down  which  they 
pass ;  and  traversing  the  two  remaining  regenerators  from  above  down- 
ward, heat  them  intensely,  especially  the  upper  part,  and  so  travel  on  in 
their  cooled  state  to  the  shaft  or  chimney.  Now  the  passages  between  the 
four  regenerators  and  the  gas  and  air  are  supplied  with  valves  and  deflect- 
ing plates,  which  are  like  four  way-cocks  in  their  action  ;  so  that  by  the 
me  of  a  lever  these  regenerators  and  air-ways,  which  were  carrying  off 
the  expended  fuel,  can  in  a  moment  be  used  for  conducting  air  and  gas 
into  the  furnace ;  and  those  which  just  before  had  served  to  carry  air  and 
gas  into  the  furnace  now  take  the  burnt  fuel  away  to  the  stack.  It  is  to 
be  observed,  that  the  intensely  heated  flame  which  leaves  the  furnace  for 
the  stack  always  proceeds  downward  through  the  regenerators,  so  that 
the  upper  part  of  them  is  most  intensely  ignited,  keeping  back,  as  it 
does,  the  intense  heat :  and  so  effectual  are  they  in  this  action,  that  the 
gases  which  enter  the  stack  to  be  cast  into  the  air  are  not  usually  above 
300^  F.  of  heat  On  the  other  hand,  the  entering  gas  and  air  always 
pass  upward  through  the  regenerators,  so  that  they  attain  a  temperature 
equal  to  a  white  heat  before  they  meet  in  the  furnace,  and  there  add  to 
the  carried  heat  that  due  to  their  mutual  chemical  action.  It  is  considered 
that  when  the  furnace  is  in  full  order,  the  heat  carried  forward  to  be 
evolved  by  the  chemical  action  of  combustion  is  about  4000°,  whilst  that 
carried  back  by  the  regenerator  is  about  8000°,  making  an  intensity  of 
power  which,  unless  moderated  on  purpose,  would  fuse  furnace  and  all 
exposed  to  its  action. 

Thus  the  regenerators  are  alternately  heated  and  cooled  by  the  cut- 
ting and  entering  gas  and  air,  and  the  time  for  alternation  is  from  half 
an  hour  to  an  hour,  as  observation  may  indicate.  The  motive  power  on 
the  gas  IS  of  two  kinds — a  slight  excess  of  pressure  within  is  kept  up 
from  the  gas-producer  to  the  bottom  of  the  regenerator  to  prevent 
air  entering  and  minglinff.with  the  fuel  before  it  is  burnt ;  but  from 
the  furnace,  downward  through  the  regenerators,  the  advance  of  the 
heated  medium  is  governed  mainly  by  the  draught  in  the  tall  stack,  or 
chimney. 

Great  facility  is  afforded  in  the  management  of  these  furnaces.  If, 
whilst  glass  is  in  the  course  of  manufacture,  an  intense  heat  is  required, 
an  abundant  supply  of  gas  and  air  is  given  ;  when  the  glass  is  made, 
and  the  condition  has  to  be  reduced  to  working  temperature,  the  quan- 
tity of  fuel  and  air  is  reduced.  If  the  combustion  in  the  furnace  is 
required  to  be  gradual  from  end  to  end,  the  inlets  of  air  and  gas  are 
placed  more  or  less  apart  the  one  from  the  other.  The  gas  is  lighter 
than  the  air ;  and  if  a  rapid  evolution  of  heat  is  required,  as  in  a  short 
puddling  furnace,  the  mouth  of  the  gas  inlet  is  placed  below  that  of  the 
air  inlet;  if  the  reverse  is  required,  as  in  the  long  tube-welding  furnace, 
the  contrary  arranffement  is  used.  Sometimes,  as  in  the  enameller's 
furnace,  which  is  a  long  muffle,  it  is  requisite  that  the  heat  be  greater  at 
the  door  end  of  the  muffle  and  furnace,  because  the  goods,  being  put  in 
rand  taken  out  at  the  same  end,  diose  which  en^er  last,  and  are  withdrawn 
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first,  veniain,  of  course,  for  a  shorter  time  in  the  heat  at  that  end ;  and 
though  the  fuel  and  air  enters  first  at  one  end  and  then  at  the  other, 
alternately,  still  the  necessary  difierence  of  temperature  is  preserved  by 
the  adjustment  of  the  apertures  at  those  ends. 

Not  merely  can  the  supply  of  gas  and  air  to  the  furnace  be  governed 
by  valves  in  the  passages,  but  the  very  manufacture  of  the  gas-fuel  itself 
can  be  diminished  or  even  stopped,  by  cutting  off  the  supply  of  air  to 
the  grate  of  the  gas-producer ;  and  this  is  important,  inasmuch  as  there 
is  no  gasometer  \o  receive  and  preserve  the  aeriform  fuel,  for  it  proceeds 
at  once  to  tlie  furnaces. 

Some  of  the  furnaces  have  their  contents  open  to  the  fuel  and  combus- 
tion, as  in  the  puddling  and  metal-melting  arrangements;  other  are  en* 
closed,  as  in  the  muffle  furnaces  and  flint-glass  furnaces. 

The  economy  in  the  fuel  is  esteemed  practically  as  one-half,  even  when 
the  same  kind  of  coal  is  used  either  directly  for  the  furnace  or  for  the 
gas-producer ;  but,  as  in  the  latter  case,  the  most  worthless  kind  can  be 
employed — such  as  slack,  <fec.,  which  can  be  converted  into  a  clean  gas- 
eous fuel  at  a  distance  from  the  place  of  the  furnace,  so,  many  advantages 
seem  to  present  them.«e|ves  in  this  part  of  the  arrangemenL*' 

Faraiiay  concludes  his  lecture  with  the  following  conclusive  figures : — 

"  Carbon,  burnt  perfectly  into  carbonic  acid  in  a  gas-producer,  would 
evolve  about  4000^  of  heat ;  but,  if  burnt  into  carbonic  oxyd,  it  would 
only  evolve  1200**.  The  carbonic  oxyd,  in  its  fuel  form,  carries  on  with 
it  the  2800°  in  chemical  force,  which  it  evolves  when  burning  in  the 
real  furnace  with  a  sufficient  supply  of  air.  *The  remaining  1200^  are 
employed  in  the  gas-prodwcer  in  distilling  hydro-carbons,  decomposing 
water,  Ac.  The  whole  mixed  gaseous  fuel  can  evolve  about  4000'  in  the 
furnace,  to  which  the  regenerator  can  return  about  3000**  more." 

2.  National  Academy  of  Sciences, — The  fourth  session  of  the  National 
Academy  of  Sciences  was  held  at  the  Capitol  in  Washington  on  the  3d, 
4th,  5th,  and  6th  of  January  of  the  present  year.  The  three  vacancies 
in  the  Academy  were  filled  by  the  election  of  ProC  0.  N.  Rood  and  Gen. 
M.  C.  Meigs  to  the  Class  of  Mathematics  and  Physics,  and  Prof.  J.  P. 
Kirllaud  to  the  Class  of  Natural  Hbtory.  The  following  papers  were 
read :  ^ 

1.  On  a  chronograph  for  measuring  the  velocities  of  projectiles ;  by  J. 
K  HaeARD.  i 

2.  Ilomolodes  and  classification  of  the  Cephalopods ;  L.  Agabsiz. 

3.  Geograpliical  distribution  of  North  American  Birds;  S.  F.  Baird. 

4.  On  the  tables  of  the  Moon ;  Bbnj.  Pbirce. 

6.  Metamorphoses  of  some  Malacopterygians ;  L.  Aoassiz. 

6.  On  chemical  classification ;  W.  Gibbs. 

1,  Progress  of  the  Geological  survey  of  California ;  J.  D.  WHrrNET. 

8.  On  a  method  of  exhibiting  certain  statistics  of  hospitals;  J.  L. 
Leconte. 

9.  Note  on  the  changes  which  have  taken  place  in  the  bar  of  Charles- 
.ton  harbor  since  the  sinking  of  obstructions  in  the  main  channel,  as  de- 
veloped by  the  U.  S.  Coast  Survey;  J.  E.  Hiloard. 

10.  Glacial  phenomena  and  present  configuration  of  the  State  of  Maine ; 
Xi.  Aoassiz. 


Digitized  by  VjOOQ IC 


Miscellaneous  Intelligence.  385 

11.  DtmoDsions  and  proportions  of  American  soldiers;  B.  A.  Gould. 

12.  On  a  regulator  for  maintaining  uniform  motion,  and  an  apparatus 
for  recording  time-observations  in  type ;  J.  K  Hilgard. 

13.  Mineral  lands  of  the  United  States,  and  the  relation  of  the  govenn 
ment  to  their  management ;  J.  D.  WHrrNEx. 

14.  Origin  and  formation  of  sedimentary  rocks;  J.  S.  NswBBRRTr 

15.  Origin  and  distribution  of  petroleum  in  the  U.  S. ;  J.  S.  Newbbrrt. 
Alex.  Braun,  G.  B.  Airy,  Astronomer  Royal  of  England,  R.  Owen, 

Prof.  F.  Wdhler,  Sir  R  I.  Murchison,  and  M.  V.  Regnault,  were  elected 
Foreign  associates.  The  next  session  of  the  Academy  will  be  held  at 
Northampton,  Mass.,  on  Wednesday  the  2dd  of  August,  18B5. 

3.  Lawrence  Scientific  School^  at  Cambridge^  Mass, — ^I'he  Lawrence 
Scientific  School  has  received,  as  a  New  Year's  giflt,  (Jan.  1,  1866)  My- 
two  thousand  five  hundred  dollars,  twenty-five  hundred  to  be  expended 
at  once  for  the  equipment  of  the  laboratory,  and  the  balance  to  endow 
equally  the  Chemical  and  Engineering  departments. 

Obituart. — 4.  Capt.  Jambs  M.  Gilliss,  U.  S.  N. — Captain  Gilliss,  tha 
Snperintendent  of  the  Washington  Observatory,  died  suddenly,  at  Wai>h* 
ington,  of  apoplexy,  on  Thursday,  the  9th  of  February.  The  Naval  Ob* 
servalory,  under  his  charge  at  the  time  of  his  death,  was  constructed 
from  his  plans,  and  equipped  with  its  original  instru  nents  by  him,  during 
the  years  1843,  1844,  Congress  having  authorized  its  establishment  bj 
an  Act  passed  in  1842;  but  only  since  1801,  when  Maury,  faithless  to 
bis  country,  left  his  post  of  duty,  has  it  been  under  his  abler  direction. 
It  would  have  been  better  for  the  scientific  reputation  of  the  country  had 
it  continued  in  his  hand^.  An  eariier  Observatory  at  Washington,  fitted 
up  mainly  by  him,  had  been  the  scene  of  his  labors  from  1838  to  1842, 
and  in  the  volume  containing  the  results — the  first  volume  of  American 
Astronomical  Ob^rrations — Mr.  Gillis  expresses  in  his  Preface,  his  pleas* 
are  that  *'  the  prosecution  of  these  observations  should  have  resulted  in 
the  foundation  of  a  permanent  Naval  Observatory.^' 

During  the  three  years,  1849  to  1851,  Capt.  Gilliss  was  in  Chili,  in 
charge  of  the  U.  S.  Expedition  for  determining  the  Solar  Parallax,  and 
if  his  observations  failed  of  all  that  was  expected  of  them,  it  was  from 
the  want  of  tliat  codperation  in  the  northern  hemisphere  which  was  reas- 
onably looked  for  by  him.  The  National  Intelligencer,  (Washington)  of 
the  day  before  his  death,  (Feb.  8,)  contains  his  last  astronomical  comma* 
nicition— one  relating  to  the  Planet  Mars — dated  Feb.  7. 

Capt  Gilliss  was  an  observer  of  great  skill  and  accuracy,  a  man  of 
noble  personal  character,  and  a  patriot  in  the*  highest  sense  of  the  word. 
Three  of  his  sons  have  been  in  the  recent  armies  of  his  country,  and  the 
eldest — a  Captain — reached  home  from  the  Libby  prison,  after  four 
months  imprisonment,  only  the  day  before  his  father  died. 

5.  Gborob  p.  Bond. — It  is  seldom  that  astronomical  science  has  re* 
ceived  a  more  severe  blow  than  that  occasioned  by  the  death  of  George 
Philips  Bond,  of  Harvard  College,  Philips  Professor  of  Astronomy,  and 
Director  of  the  observatory  connected  with  that  institution.  After  a 
lingering  illness  of  more  than  a  year,  during  which  his  ardor  in  the  study 
of  the  heavens  led  him  oftentimes  to  exposures  entirely  incompatible 
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with  the  state  of  his  health,  he  closed  a  useful  and  an  unblemished  life 
on  the  17th  of  February, — eight  days  after  his  compeer,  Captain  Gilli«8. 

As  an  accurate  and  truthful  observer  of  astronomical  phenomena,  he 
was,  without  question,  unequalled  by  any  one  in  this  country,  and 
among  the  first  in  the  world.  In  his  short  career  he  contributed  many 
valuable  papers  of  original  discoveries  and  calculations  to  various  period- 
icaU  and  institutions  in  this  and  other  countries.  His  greatest  work, 
and  that  which  gave  him  honor  the  world  over,  is  his  account  of  the 
Donati  comet  which  constitutes  the  third  volume  of  the  Annals  of  the 
Observatory. .  To  this,  the  palm  of  unrivalled  excellence  has  been  freely 
awarded  by  the  best  astronomical  observers  of  Europe.*  Well  trained 
by  his  lamented  and  distinguished  father,  and  taking  advantage  of  the 
best  telescope  mounted  in  so  high  a  southern  latitude,  he  explored  with 
searching  scrutiny  the  great  nebula  of  Orion,  a  work  which  he  pursued 
with  untiring  zeal  and  anxiety  in  his  latter  days ;  and  while  we  fear  his 
waning  strength  may  have  left  it  incomplete  in  form,  we  are  assured, 
and  rejoice  in  the  assurance,  that  abundant  ability  remains  in  the  observ- 
atory to  prepare  it  for  publication. 

We  might  dwell  mi^ch  longer  on  his  astronomical  history,  but  the 
necessary  brevity  of  this  notice  requires  that  we  should  turn  to  his  pri- 
vate life.  It  is  rare  indeed,  that  so  many  virtues  are  blended  in  any 
roan.  His  innocent  unpretending  manners,  the  perfect  absence  of  every 
air  of  vanity  or  pretension,  crowned  with  an  unwavering  christian  faith 
and  deep  sense  of  religious  obligation,  secured  for  him,  not  the  mere 
respect,  but  the  kindest  regard  of  all  that  had  the  happiness  of  his 
acquaintance.  w.  m« 

6.  Dr.  Hugh  Falconer. — Dr.  Falconer,  Vice-President  of  the  Royal 
Society,  died  at  London,  on  the  81st  of  January. 

1.  The  Differential  Calculus;  by  John  Spark,  M.D.  Boston,  1865. 
Bradley,  Dayton  <fe  Co.  8vo.  pp.  xx,  and  244. — The  plan  of  this  treatise 
18  different  from  that  of  most  works  upon  the  same  subject.  The  aim 
seems  to  have  been  to  treat  the  calculus  as  peculiarly  the  continuation  of 
Algebra.  Hence  most  of  the  applications  are  to  problems  which  resemble 
as  much  as  possible  the  ordinary  problems  of  Algebra.  The  author's 
style  is  somewhat  involved,  and  his  logic  not  entirely  free  from  criticism. 

B.  A.  N. 

8.  History  of  Delaware  County^  Pennsylvania^  from  the  Discovery  of 
the  Territory  included  within  its  limits  to  the  present  time^  with  a  notice 
of  the  Geology  of  the  County^  and  Catalogues  of  its  Minerals^  Plants^ 
Quadrupeds  and  Birds;  written  under  the  direction  and  appointment  of 
the  Delaware  Co.  Institute  of  Science,  by  Gbobgb  Smith,  M.D.  582  pp. 
Svo. — This  history  is  the  work  of  great  care  and  research.  The  chapter 
on  the  Geology  of  Delaware  County  is  illustrated  by  a  colored  map 
showing  the  distribution  of  its  rocks,  and  it  closes  with  a  catalogue  of 
mineral  localities.  The  work  is  illustrated  by  several  plates,  wo^-cuts 
and  maps. 

'  We  are  ioformed  that,  a  month  srooe,  Mr.  Bond  received  word  from  President 
De  La  Rue,  of  the  Royal  Astronomical  Society,  that  the  Society,  at  its  Ust  annual 
meetlDg,  io  January,  liad  voted  him  a  gold  medal  for  hit  work  on  this  comet 
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Art.  XXVIL— On  Molecular  Physics ;  by  Prof.  W.  A.  Norton, 

[Continued  from  vol.  zxzviii,  page  228.] 

In  a  former  part  of  this  paper  a  succinct  exposition  has  been 
given  of  a  consistent  general  theory  of  Molecular  Forces,  and 
the  Molecular  Constitution  of  bodies,  and  special  theories  of  tho 
different  states  of  aggregation  of  matler,  and  the  processes  of 
transformation  from  one  state  to  another,  as  well  as  of  the  essen- 
tial nature  and  modes  of  excitation  and  propagation  of  the  two 
agencies  of  light  and  heat.*  The  conclusions  arrived  at  were  all 
deduced  from  two  fundamental  principles,  viz: 

*  In  a  paper  on  heat-vibrations,  by  Mr.  James  Croll,  published  in  the  Philosophi- 
cal Magazine,  May,  1864,  it  is  roaintainud  that  the  heat-vibration  does  not  consist 
in  a  motion  of  an  agi^regate  mass  of  molecules,  but-  in  a  motion  of  the  individual 
molecules ;  also  that  it  does  not  consist  in  excursions  of  the  molecule  or  atom  across 
centres  of  equilibrium,  but  in  alternate  expansions  and  contractions  of  the  atom  it- 
Belt  It  will  be  seen  that  these  ideas  are  in  accordance  with  the  conception  of  the 
constitution  of  a  molecule  adopted  at  the  bej^inning  of  the  present  memoir  (p.  62), 
and  with  tho  theory  of  heat-vibrations,  or  heat-pulses,  deduced  therefrom  (p.  64). 
Ilie  author  remarks  thnt  his  conclusion  that  "  the  ultimate  atom  itself  is  essentially 
elastic,  is  opposed  to  the  ordinary  idea,  that  the  atom  in  essentially  solid  and  im- 
penetrable, and  favors  the  modern  idi>.a  that  matter  consists  of  a  force  of  resistnnce 
acting  from  a  center."  But  in  tho  present  communication  the  ground  is  taken  that 
it  is  the  elastic  ethereal  atmosphere  condensed  upon  the  atom  that  invests  it  with 
its  panoply  of  power.  Thus  armed  it  becomes  an  efficient  molecule — when  associated 
vith  a  kindred  molecule  an  epicomo,  in  fact,  of  the  universe.  In  the  contractiona 
and  expansions  that  result  from  the  action  of  the  central  atom  upon  its  atmosphere 
is  to  be  discerned  the  origin  not  only  of  heat-vibrations,  but  of  all  the  molecular 
forces;  and  in  the  varied  posi;ible  movements  and  changes  of  molecular  atmos- 
pbifres,  dependent  upon  their  elasticity  and  mutual  action,  are  to  be  found  the  «#• 
•ential  causes  of  physical  phenomena. 

Am.  Jour.  Sci.— Sbcomd  Sekieb,  Vol.  XXXIX,  Ko.  117.— May,  1866. 
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(1.)  That  matter  exists  in  the  three  different  forms  of  ordinary 
or  m^oss  matter ^  an  electric  et/ie7\  and  a  more  subtile  universal  ether  ; 
and  that  each  of  these  is  made  up  of  spherical  atoms. 

(2.)  That  there  are  two  primary  forces:  attraction^  and  re- 
pulsion. 

The  primary  force  of  attraction  is  exerted  between  the  atoms 
of  ordinary  matter  and  the  two  ethers,  and  between  the  atoms 
of  the  electric  ether  and  those  of  the  universal  ether;  while  a 
mutual  repulsion  subsists  between  the  constituent  atoms  of  the 
two  ethers. 

From  these  two  postulates  the  conclusion  was  derived  that 
each  atom  of  ordinary  matter  must  be  surrounded  by  two  atmos- 
pheres, one  consisting  of  electric  ether,  and  another  of  the  uni- 
versal ether,  pervading  the  former;  and  that  the  atoms  of  the 
electric  ether  ijiust  also  be  surrounded  by  atmospheres  of  the 
more  subtile  universal  ether  which  pervades  the  space  between 
them.  Such  being  the  condition  of  things,  it  was  assumed  that 
the  attraction  of  the  central  atom  of  matter  for  the  atoms  of 
electric  ether  exterior  to  it  was  propagated  by  the  intervening 
universal  ether,  and  that  the  same  was  true  of  the  mutual  re- 
pulsion exerted  between  the  individual  atoms  of  the  electric 
ether. 

The  primary  force  of  heat,  as  one  of  the  molecular  forces,  was 
deduced  from  these  principles,  and  found  to  have  its  origin  in 
the  force  of  molecular  attraction. 

We  propose  now  to  show  that  the  characteristic  phenomena 
of  electricity,  comprised  under  the  several  heads  of  frictional 
electricity^  voUaic'electricity^  thermo-electricity ,  magnetism^  eUctro-mag- 
netism,  magneto-electricity,  induced  currents^  and  dia-magnetism,  may 
be  derived  as  mechanical  deductions  from  the  same  fundamental 
conceptions. 

We  have  thus  far  had  no  occasion  to  introduce  arbitrary  hy- 
potheses, but  have  in  fact  discarded  those  hitherto  in  vogue,  as 
that  of  the  permanent  polarity  of  atoms,  and  various  hypotheses 
as  to  the  mode  by  which  such  polarity  is  constituted  and  main- 
tained. It  will  be  seen  that  in  the  wide  field  we  are  now  enter- 
ing, the  same  fundamental  ideas  will  suffice,  and  that  the  same 
two  forces,  attraction  and  repulsion,  operating  on  the  same  three 
forms  of  matter,  are  alone  concerned  in  evolving  the  phenomena. 
In  every  different  province  that  we  enter  we  but  recognize  new 
results,  achieved  by  the  same  agencies,  working  by  the  same 
essential  processes.  As  transcendently  wonderful  as  is  the  infi- 
nite variety  of  Nature,  no  less  so  is  the  all-comprehensive  unity 
of  its  origin,  and  the  grand  simplicity  of  its  evolution.  From 
the  point  of  view  now  taken,  this  truth,  which  has  long  been 
discerned  with  more  or  less  distinctness,  stands  forth  in  its  full 
proportions.    In  the  discussion  of  ispccific  properties  of  different 
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substances,  we  have  admitted,  and  shall  continue  to  admit,  only 
diflferences  in  degree,  not  in  kind ;  and  differences  too,  that  fall 
within  the  scope  of  the  general  theory.  No  higher  requirement 
than  this  can  reasonably  be  exacted  of  any  fundamental  con- 
ception.* 

Electricity. 

Preparatory  to  the  discussion  of  this  topic  it  is  important  to 
inquire  more  minutely  than  has  hitherto  been  done  into  the 
electric  condition  of  molecules,  both  simple  and  compound. 
Each  simple  atom,  as  we  have  seen,  is  surrounded  by  an  electric 
atmosphere ;  but  has  this  atmosphere  a  definite  limit?  and  if  so 
what  IS  the  condition  of  the  electric  ether  exterior  to  it,  and  in 
the  interstices  between  molecules?  The  equilibrium  of  such  an 
atmosphere  is  determined  by  the  operation  of  two  antagonistic 
forces,  the  attraction  of  the  central  atom  for  each  atomette  of  the 
atmosphere,  and  the  repulsion  experienced  by  such  atomettes 
from  all  the  others  of  which  the  atmosphere  is  composed.  If 
we  regard  these  forces  as  in  no  degree  intercepted  in  their  prop- 
agation, the  atmosphere  will  extend  with  decreasing  density  to 
that  height  at  which  the  attraction  exerted  by  the  central  atom 
Hpon  an  atomette  is  just  neutralized  by  the  repulsion  exerted 
upon  the  same  by  the  entire  atmosphere.  The  centers  of  repul- 
sion and  attraction  will  also  be  coincident,  and  the  law  of  varia- 
tion of  the  two  forces  will  be  the  same ;  hence  beyond  the  lim- 
its of  the  atmosphere  there  will  be  no  effective  action  exerted 
by  the  molecule  upon  any  electric  ether  that  may  be  posited 
there.  But  the  notion  that  there  is  no  interception  of  force 
does  not  accord  with  the  fundamental  idea  of  the  propagation 
of  force  by  the  universal  ether  (p.  238).  It  is  impossible  that  a 
propagated  force  of  repulsion  should  take  eflFect  upon  an  atom- 
ette of  electric  ether,  unless  the  universal  ether,  which  is  the 
medium  of  propagation,  be  in  some  degree  condensed  upon  the 
surface  upon  which  the  wave-force  falls.  Such  condensation  must 
give  rise  to  a  reflex  wave,  and  the  dispersion  of  a  certain  amount 
of  force  into  the  surrounding  ether.  Upon  the  principle  of  the 
conservation  of  force  the  amount  of  force  thus  dispersed  must 
be  abstracted  from  the  original  wave-force.  Now  if  tne  atomettes 
of  the  electric  atmosphere  intercept  a  certain  portion  of  the  re- 
pulsion propagated  from  other  atomettes,  it  follows  that  the 
center  of  repulsion  of  the  whole  atmosphere  cannot  be  coinci- 
dent with  the  center  of  attraction,  or  center  of  the  atom  of  mat- 

*  The  author  may  seem  to  have  adopted ,  in  the  scheme  of  molecular  forces  pre- 
tented  on  pp.  63,  64,  an  arbitrary  hyputliesiis,  in  assuming^  the  existence  of  a  fi>rce 
of  molecular  repulsion  between  the  surfaces  of  conti^ious  electric  atmo^phof^s ;  as 
the  ground;*  upon  which  the  theoretical  inference  was  drawn  were  not  stated  in  the 
course  of  the  discussion.    There  will  aeon  be  occasion  to  offer  these  lio  another  con- 
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ter.  It  would  seem  also  that  the  repulsive  pulses  propagated 
from  the  atomettes  should  be  more  or  less  intercepted  by  the 
central  atom  of  the  molecule,  which  should  tend  to  displace  the 
center  of  repulsion  still  more.  For  each  side  of  the  molecule 
this  center  must  lie  somewhere  between  the  center  of  the  atom 
and  the  surface  of  the  atmosphere,  as  at  r,  fig.  4.  In  this  state 
of  things  the  atmosphere  will  have  a  definite  limit, 
as  before;  but  beyond  its  limits,  since  its  repulsion 
must  decrease  more  rapidly  than  the  attraction,  an 
eflFective  force  of  attraction  will  be  exerted  by  the 
entire  molecule.  As  a  consequence,  the  external 
electric  ether  will  be  retained  in  contact  with  the 
atmosphere,  and  press  upon  its  surface  v/ith  a  cer- 
tain force.  Its  density  will  decrease  outward  and  doubtless  be- 
come insensible  at  sensible  distances.  If  then  we  confine  our 
attention  to  a  single  molecule,  we  perceive  that  it  must  consist 
of  an  atom  of  ordinary  matter  surrounded  with  two  envelopes 
of  electric  ether ;  of  which  the  outer  presses  upon  the  inner,  and 
extends  indefinitely,  but  becomes  evanescent  at  a  distance  a  cer- 
tain number  of  times  greater  than  the  diameter  of  the  inner  en- 
velope,*  Hitherto  in  speaking  of  the  electric  atmosphere  of  a 
molecule,  we  have  alluded  only  to  the  inner  and  principal  en- 
velope, and  have  regarded  the  diameter  of  a  molecule  the  same 
as  the  diameter  of  this  envelope ;  and  we  shall  use  these  terms 
in  the  same  sense  hereafter,  unless  the  exception  is  distinctly 
specified. 

The  outer  electric  envelopes  of  molecules  serve  to  establish 
an  electric  communication  between  them,  and  play  an  important 
part  in  all  electric  phenomena.  By  their  pressure  upon  the  inner 
envelopes,  or  the  atmospheres  so-called,  of  the  molecules,  they  de- 
velop a  force  of  electric  repulsion  exerted  outward  at  the  sur- 
face of  each  atmosphere.  This  is  the  force  already  recognized 
as  one  of  the  molecular  forces  (p.  64).  It  has  its  immediate 
origin  in  the  compression  of  the  atmosphere  at  or  near  its  sur- 
face, by  the  outer  envelope,  which  increases  the  repulsive  action 
of  the  upper  portion  of  the  atmosphere,  and  so  brings  into  ope- 
ration an  effective  repulsion  at  this  surface,  where  otherwise  the 
effective  force  would  be  zero.  It  is  to  be  borne  in  mind  that 
the  attraction  of  the  central  atom  is  dynamical  in  its  effects,  and 
that  attendant  upon  its  exertion  the  outer  envelopes  will  have 
an  inward  and  outward  movement ;  but  such  alternate  move- 
ments will,  when  propagated  outward,  neutralize  each  others' 
effects,  unless  a  secondary  force  is  developed  in  the  process. 
Now  it  is  precisely  such  a  force  that  is  developed  in  the  manner 
just  explained,  and  this  must  be  propagated  by  the  electric  ether 

'  It  19  ]>os8ible  that  io  nome  cases  the  outer  atmospheric  enyelope  may  be  made 
up  of  several  spherical  hiyers,  separated  bj  surfaces  of  ao  effeetire  molecular 
action. 
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of  the  outer  envelope,  or  the  interstitial  electric  ether  of  bodies, 
as  a  wave-force.* 

We  have  seen  that  the  attraction  exerted  by  the  atom  upon 
its  atmosphere,  proper,  by  forcing  outward  a  portion  of  the  uni- 
versal ether  near  the  surface  of  the  atom,  develops  at  the  same 
time  an  effective  molecular  attractive  force  and  what  we  have 
called  the  force  of  heat-repulsion.  From  the  difference  that  ob- 
tains in  the  circumstances  under  which  these  forces  and  the  above 
mentioned  force  of  electric  repulsion  originate,  it  is  highly  prob- 
able that  their  constants  {n  and  m,  p.  68,)  would  be  different. 

To  pass  now  to  the  case  of  a  compound  molecule:  let  a  and  b 
(fig.  5)  be  two  similar  molecules,  held  in  equilib- 
rium by  their  mutual  actions,  and  let  us  enquire 
into  the  condition  of  the  electric  ether  on  the 
line  crossing  perpendicularly  the  line  of  their 
centers,  at  its  middle  point,  m.     At  m  the  attrac- 
tions of  the  two  molecules  for  an  atom  of  electric 
ether  there  will  neutralize  each  other,  but  at  all 
other  points  of  this  line,  the  resultant  of  the 
attractions  will  have  a  finite  value  and  be  directed  inward  to- 
ward the  line  of  the  centers.     This  resultant  will  increase  in 
value  as  the  distance  from  the  line  of  the  centers  increases, 
to  a  certain  point,  w,  beyond  which  it  will  decrease.     The  sum 
of  all  these  resultants  will  act  as  a  compressing  force  upon  the 
electric  ether  about  m,  and  determine  its  density  at  that  point. 
At  other  points,  as  e,  r,  5,  variously  situated  in  the  vicinity  of 
the  molecules,  the  joint  attraction  of  the  two  will  generally  ex- 
ceed the  attraction  of  either  molecule  alone.     It  follows,  there- 
fore, that  the  two  united  molecules  will  be  surrounded  by  an 
electric  atmosphere  of  their  own,  spherical  or  spheroidal  in  form, 
and  at  the  same  time  that  the  two  individual  atmospheres  will 
be  materially  modified.     This  atmosphere  will  have  an  outer 
.envelope,  as  in  the  case  of  a  simple  molecule. 

If  we  suppose  several  molecules  thus  united,  the  entire  group 
will  have  its  own  proper  atmospliere.  The  extent  of  this  atmos- 
phere will  depend  upon  the  normal  attraction  at  the  surface  of 
the  group ;  and  this  will  also  determine  the  density  of  the  elec- 
tric ether  in  the  interstices  between  the  molecules.' 

*  The  paUes  of  heat  that  are  received  from  extrnneons  sources,  and  pass  from 
molecule  to  molecule,  augment  this  force  of  atmospheric  repulsion.  Accordingly, 
the  value  of  the  **  constant "  m,  of  this  force  (p.  67,)  depends  not  onij  upon  the  at- 
tractive force,  size,  and  perhaps  other  peculiarities  of  the  central  atom,  but  also 
upon  the  amount  of  heat  received  from  all  extraneous  sources.  External  forces,  of 
compression  or  extension,  applied  to  a  body,  also  tend  to  augment  or  diminish 
the  value  of  m. 

*  In  treating  briefly  of  solidification  (p.  209,  <&c.),  our  attention  was  confined 
chiefly  to  the  union  of  simple  molecules  in  one  homogeneous  mass,  but  there  is  good 
reason  to  believe  that  in  most  cases  of  solidification,  with  the  exception,  perhaps,  of 
that  of  perfect  crystallization,  compound  molecules  are  first  formed,  and  that  tliesa 
combine,  in  various  modes,  to  form  the  solid.    In  every  such  instance  tlie  formation 
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Let  us  next  inquire  into  the  true  nature  of  the  electric  polari* 
zcUion  of  molecules. 

A  molecule  becomes  polarized  whenever,  from  any  cause,  a 
portion  of  its  electric  atmosphere  is  urged  around  from  one  side 
to  the  opposite  side^  where  there  is  an  excess,  the  polarity 
being  positive,  and  where  there  is  a  deficiency,  negative.  But  it 
is  especially  important  to  observe  that  the  act  of  polarization  is 
distinct  from  the  result.  The  one  is  dynamical,  the  other  stat- 
ical. The  act  of  polarization,  too,  does  not  consist  simply  in  a 
flow  of  a  certain  amount  of  electric  ether  from  the  one  side  to 
the  other  of  the  atom  ;  in  addition  to  this,  a  certain  quantity  of 
the  ether  is  detached,  or  expelled  from  the  atmosphere  on  the 
positive  side,  and  a  corresponding  amount  absorbed  into  it  on  the 
negative  side.  Accordingly,  when  a  molecuhis  being  polarized,  or 
when  its  polarization  is  increasing,  there  is  a  flow  of  electric  ether 
toward  its  negative  side,  and  away  from  its  positive  side.  On  the 
ot/ier  hand,  when  a  polarization  once  acquired  is/nllihg  off,  Hiere  is 
afl/)Wf  or  an  electric  current,  in  the  opposite  direction.  To  make  this 
more  evident,  let  S  (fig.  6)  be  a 
surface  receiving  a  charge  of  pos- 
itive electricity,  and  a,  b,  c,  &c.,  a 
series  of  particles  of  a  dielectric  m^  / 
medium.     The  repulsion  of  the  ^ 

positive  charge  on  S  will  polarize 
the  nearer  side  of  a  negatively, 
and  the  farther  side  positively ;  but  the  same  force  will  urge  the 
interstitial  ether  toward  a,  and  the  augmented  attraction  of  the 
negative  side  of  a  will  add  a  certain  portion  of  it  to  the  atmos- 
phere of  a.  At  the  same  time,  the  excess  of  electric  ether  ac- 
cumulated on  the  farther  side  of  a  will  act  repulsively  upon  the 
upper  portion  of  its  atmosphere  and  expel  a  certain  portion  of 
it.  It  will  also  urge  toward  b  the  interstitial  electric  ether  be- 
tween a  and  b,  ana  polarize  b,  just  as  S  has  polarized  a.  The  ■ 
chain  of  particles  will  therefore  become  polarized  in  succession ; 
and  at  the  same  time  there  will  be  an  electric  movement,  a  dis- 

at  fiuch  gronps  of  molecules  should  be  attended  with  the  evolution  of  heat  This 
will  be  the  inevitable  result  of  the  compression  of  the  electric  ether  between  the 
combining  molecules  (fig.  6) ;  whether  the  individual  atmospheres  be  compressed 
or  not 

The  heat  of  combustion  and  of  chemical  union  generally,  has,  in  all  probability, 
a  similar  origin ;  that  is  in  a  compression  of  the  electric  ether  between  the  mole- 
cules, or  in  such  a  compression  combined  with  a  contraction  of  the  individual  atmos- 
pheres. This  topic,  and  the  probable  cause  of  the  different  effects  observed  in  dif- 
ferent  instances  of  combination,  will  be  briefly  considered  under  the  head  of  chemi- 
cal union. 

The  varied  forms  of  crystallization  assumed  by  different  substances,  under  similar 
circumstances,  are  probably  due,  in  a  great  degree,  to  the  diversity  that  obtains  la 
the  number  and  grouping  of  the  individual  molecules  of  which  the  ultimate  com- 
pound molecules  consist. 
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charge  from  one  to  another.  To  take  a  more  complete  view  of 
the  matter,  the  molecular  polarization  resulting  from  the  elec- 
tricity received  by  any  single  point,  S,  will  not  be  confined  to 
the  normal  line  a,  6,  c,  but  will  extend,  though  with  diminished 
intensity,  along  lines  radiating  outward  from  S.  A  similar  re- 
mark may  be  made  of  the  flow  of  electricity  that  accompanies 
the  polarization. 

Ir  we  take  account  of  the  entire  spherical  surface,  S,  and  sup- 
pose it  to  be  surrounded  by  a  dielectric  medium,  as  the  air,  ex- 
tending to  an  indefinite  distance,  each  new  addition  to  its  ]X)sitive 
charge  will  develop  a  wave  of  increasing  molecular  polarization, 
which  will  be  propagated  in  all  directions  outward  through  the 
surrounding  medium.  This  wave,  if  it  mny  be  so  termed,  will  be 
accompanied  by  a  spherical  electric  "  wave  of  translation  "  that 
will  spread  indefinitely  through  the  same  medium.  This  latter 
wave  will  consist  of  a  series  of  discbarges  from  one  spherical 
layer  of  particles  to  the  next ;  while  the  former  will  consist  of 
propagated  movements  confined  to  the  atmospheres  of  the  parti- 
cles;— these  movements  being  produced  by  the  repulsive  action 
of  the  electric  ether  accumulating  on  the  farther  sides  of  the  par- 
ticles, transmitted  primarily  through  the  universal  ether.  The 
quantity  of  electricity  that  moves  forward  from  one  layer  of  par- 
ticles to  the  next,  should  be  equal  to  the  quantity  received  by 
the  surface,  for  the  determining  cause  of  the  electric  wave  of 
translation  lies  in  the  fact  that  the  force  of  tension  of  the  propa- 
gated electricity  urges  this  quantity  between  the  surface  and  the 
first  layer  of  the  medium. 

The  tension  of  the  electricity  received  results  from  the  com- 
pression produced  by  the  expansive  action  of  the  charge,  which 
is  ultimately  in  equilibrium  with  the  force  by  which  the  dis- 
turbed atmospheres  of  the  medium  tend  to  return  to  their  orig- 
inal condition.  The  tendency  of  the  free  electricity  to  escape 
between  and  around  the  polarized  molecules  of  the  medium  is 
counteracted,  as  will  soon  be  seen,  by  a  resistance  developed  by 
the  polarization. 

This  we  conceive  to  be  the  true  process  of  induction.  It  will 
be  readily  perceived  that  it  is  in  entire  conformity  with  the  ex- 

Eerimental  results  obtained  by  Faraday,  and  in  accordance  with 
is  theoretical  ideas  of  the  general  nature  of  the  process. 
We  have  supposed  the  electrised  surface  to  be  surrounded  by 
a  single  dielectric  medium,  extending  indefinitely ;  but  the  re- 
sult would  be  essentially  the  same  if  the  waves  were  propagated 
through  several  such  media,  as  air,  glass,  &c.  If  we  suppose  the 
first  medium  to  be  replaced  by  another,  while  the  entire  quan- 
tity of  electricity  propagated  by  it,  as  the  polarization  of  the 
medium  goes  on,  should  remain  the  same,  as  Faraday  has  shown 
that  it  actually  does,  it  does  not  follow  that  the  final  degree  of 
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polarization  received  will  be  the  same  as  before.  In  this  respect 
substances  may  diflfer,  or  they  may  have  diflferent  **  specific  in- 
ductive capacities,"  as  maintained  by  Faraday.  It  is,  in  fact,  just 
this  diflference  of  property  that  constitutes  the  difference  between 
conduction  and  non-conduction,  or  between  the  different  degrees 
of  conduction  or  of  non-conduction. 

So  long  as  the  charge  of  electricity  on  the  surface  S,  fig.  6, 
remains  the  same,  the  degree  of  polarization  of  the  surrounding 
medium,  or  medio,  will  continue  the  same ;  but  if  the  charge  be 
drawn  off,  waves  of  decreasing  polarization  will  be  propagated 
outward  from  S,  which  will  be  accompanied  by  electric  waves  of 
translation  flowing  inward  toward  S.  The  entire  process  that 
went  on  within  the  medium  while  the  body  was  receiving  its 
charge,  will  now  be  exactly  reversed. 

If  we  suppose  a  body  to  receive  a  charge  of  negative  electric- 
ity, the  process  will  also  be  reversed ;  as  when  a  charge  of  posi- 
tive electricity  is  withdrawn.  The  final  result  will  be  that  the 
particles  of  the  surrounding  dielectric  medium  will  be  positively 
polarized  on  the  side  toward  the  electrised  surface,  and  there 
will  be  a  deficiency  of  electric  ether  between  the  surface  and  the 
first  layer  of  the  particles  of  the  medium. 

Conduction. — We  have  seen  that  the  act  of  polarization  com- 
prises two  diflferent  processes :  a  movement  of  a  certain  portion 
of  the  ether  of  the  atmosphere  of  a  molecule  from  one  side  to 
another,  and  cotemporaneously  with  this  a  discharge  of  ether 
from  the  one  side,  and  an  absorption  of  a  correspondmg  quanti- 
ty upon  the  other  side.  Now  the  electric  constitution  of  two 
different  bodies  maybe  such  that,  with  the  one  the  same  amount 
of  electric  movement,  from  particle  to  particle,  may  be  accom- 
panied by  a  feeble  degree  of  polarization,  and  with  the  other  by 
a  much  greater  degree.  The  polarization  is  a  change  determined 
originally  by  the  forces  propagated  by  the  universal  ether,  while 
the  outward  flow  of  the  electricity  is  partly  the  result  of  the  mu- 
tual repulsion  between  contiguous  atoms  of  the  electric  ether. 

Let  us  suppose  two  extreme  cases,  compatible  with  our  gene- 
ral theory.  (1.)  Let  there  be  an  indefinite  line  of  molecules; 
such  that  the  density  of  the  ether  between  them  is  the  same  as 
at  the  surface  of  the  molecular  atmospheres,  and  suppose  a 
quantity  of  free  electricity  to  arrive  at  one  end  of  this  line.  It 
is  plain  that  the  repulsive  energy  of  this  electricity  will  urge 
before  it  a  certain  quantity  of  electricity  throughout  the  whole 
length  of  the  line,  and  that  if  the  flow  be  unchecked  it  can  exert 
little  or  no  disturbing  action  upon  the  molecular  atmospheres 
except  very  near  their  surface,  and  cannot  polarize  them.  To  do 
this  the  moving  electricity  must  have  a  certain  decided  tension  ; 
that  is,  be  present  in  a  certain  sufficient  quantity  at  each  point 
of  the  line.    This  would  be  the  case  of  perfect,  or  nearly  perfect 
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condaction,  and  there  would  be  little  or  no  polarization  of  the 
molecules.  (2.)  Let  us  suppose  that  the  density  of  the  electric 
ether  is  very  feeble  between  the  molecules,  there  being  now  no 
continuous  mass  of  ether  to  give  way  before  the  electricity  re- 
ceived at  the  end,  the  latter  will,  as  a  first  effect,  exert  its  repul- 
sive action  through  the  universal  ether  upon  the  atmospheres  of 
the  nearer  molecules  and  polarize  them,  and  this  will  extend 
through  the  line,  and  the  polarization  will  determine  the  dis- 
charge  in  the  manner  already  explained.  This  would  be  the 
case  of  a  non-conducting  dielectric  medium.  In  all  actual  in- 
stances of  good  conduction  the  case  lies  between  these  two  ex* 
tremes.  The  greater  part  of  the  electric  movement  is  confined 
to  the  outer  envelope  of  the  atmosphere,  and  the  outer  portion 
of  the  inner  envelope ;  and  the  polarization  resulting  from  the 
disturbance  of  the  lower  envelope,  or  the  atmosphere  proper,  is 
slight.  With  non-conductors,  or  poor  conductors,  the  flow  near 
the  surface  of  the  lower  envelope,  around  the  molecule,  resulting 
from  the  direct  repulsive  action  (or  elastic  tension)  of  the  electric 
ether,  is  comparatively  slight ;  and  the  polarization  of  the  lower 
envelope,  with  the  attendant  discharge  on  the  farther  side  and 
absorption  on  the  nearer  side,  is  much  greater.* 

To  obtain  a  more  distinct  idea  of  the  entire  process  of  imper- 
fect conduction,  we  must  take  account  of  a  ^ 
certain  resistance  which  a  polarized  molecule 
offers  to  the  flow  of  ether  around  it  from  the 
negative  to  the  positive  side.^   Let  a,  fig.  7, 
be  a  polarized  molecule.    The  center  of  re- 
pulsion of  its  electric  atmosphere  will  tall  at  n 
some  point,  o,  on  the  plus  side  of  the  center. 
If  we  enquire  into  the  eflFective  action  of  the 
molecule  upon  a  mass  of  electric  ether  pos- 
ited at  *,  midway  between  p  and  w,  if  the 
atmosphere  were  not  disturbed  the  center  of 

*  In  the  comparison  made  on  p.  216,  between  the  propagation  of  heat  and  the 
propagation  of  electricity,  it  is  intimated  that  each  is  promoted  by  a  polarisation  of 
the  molecules.  This  is  true  only  in  a  limited  sense.  The  drcamstances  most  faror- 
able  in  general  to  a  conduction  of  either  electricity  or  heat,  are  a  uniformly  dense 
eondition  of  the  interstitial  electric  ether,  which  may  serve  as  a  medium  for  the 
direct  propagation  of  the  wares,  or  pnlses,  and  such  a  condition  of  the  electric  at- 
mospheres of  the  molecules  that  the  resistance  developed  by  any  polarization  that 
may  ensue,  shall  be  comparatively  feeble.  (See  p.  246).  When,  however,  the  direct 
conductive  action,  by  the  intervention  of  the  interstitial  electric  ether,  is  feeble,  a 
greater  facility  of  polarization  on  the  part  of  the  individual  molecules  would  pro- 
mote the  discharge  from  molecule  to  molecule. 

^  The  terms  negative  and  positive,  as  here  used,  have  reference  to  the  polariza^ 
tion  simply,  which  is  a  change  in  the  distribution  of  the  electric  ether  in  the  lower 
portion  of  the  atmosphere.  It  will  be  seen  in  the  sequel  that  in  the  upper  portions 
through  which  the  free  electricity  moves,  when  a  conductive  discharge  occurs,  there 
will  be  an  excess  of  electric  ether,  or  a  positive  state,  on  the  side  of  the  molecule 
which  is  negatively  polarized,  and  a  deficiency  or  a  negative  state  on  the  opposite  aid*. 
Am.  Joujl  Scl—Sboond  Ssiiuii,  Voi..  XXXIX,  No.  117.— Mat,  1865. 
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effective  repulsion  would  fell  at  r ;  in  its  supposed  polarized  con- 
dition, therefore,  it  will  lie  at  some  point  m  interm^iate  between 
r  and  o.  The  two  forces  exerted  upon  s  would  therefore  act  in 
the  direction  shown  in  the  figure,  and  their  resultant  would  act 
from  8  toward  t.  It  will  be  readily  seen  that  at  all  points  be- 
tween p  and  n,  the  resultant  will  nave  a  tangential  component 
directed  toward  n,  and  a  normal  component  acting  outward  on 
the  positive  side,  and  inward  on  the  negative  side  of  the  mole- 
cule. The  density  of  the  electric  ether  at  n  should  therefore  be 
greater  than  atjo;  and  while  by  its  elastic  tension  it  is  urged 
around  toward  p  it  is  resisted  by  the  tangential  force  just  spoken 
of.  And  so  if  the  electric  ether  above  n  is  urged  by  the  repul- 
sion of  free  electricity  on  that  side  of  the  molecule  around  to- 
ward p,  it  has  to  overcome  this  resistance.  It  is  to  be  observed 
that  the  attractive  or  compressing  action  about  n,  is  but  the 
result  of  the  repulsive  energy  of  the  free  electricity  which  hsB 
determined  the  polarization. 

The  outer  circle  in  the  figure  represents  the  surface  of  the 
undisturbed  atmosphere  (inner  envelope).  When  the  molecule 
becomes  polarized  the  surface  of  its  atmosphere  takes,  or  tends 
to  take,  tne  spheroidal  form,  with  the  center  of  figure  lying  on 
the  side  negatively  polarized.  At  points  near  this  surface,  about 
midway  between  p  and  n,  and  indefinitely  beyond  the  surface, 
there  will  be  a  resultant  force,  as  shown  in  the* figure,  tending  to 
check  the  flow  of  free  electricity  around  or  past  the  molecule,  in 
the  direction  of  n  toward  p. 

It  does  not  follow  because  the  lines  of  direction  of  the  at- 
traction and  repulsion  meet  at  s  under  a  small  angle  that  the  re- 
sultant s  t  may  not  be  equal  to,  or  greater  than  the  force  of  ten- 
sion of  the  free  electricity  that  may  reach  the  molecule,  since  the 
absolute  intensities  of  these  forces  must  be  very  great.  Besides, 
whatever  may  be  the  intensity  of  this  resultant,  it  must  be  of  a 
corresponding  order  of  magnitude  with  the  tension  of  free  elec- 
tricity, since  it  is  precisely  the  resistance  exerted  by  the  polar- 
ized molecules  of  air  contiguous  to  an  electrised  surface,  that 
determines  the  tension  of  the  statical  electricity  collected  upon  it 

When  a  discharge  takes  place  through  an  imperfect  conouctor, 
as  rarefied  air,  the  contiguous  particles  of  air  are  first  polarized 
by  the  repulsion  of  the  electrised  surface,  propagated  by  the  uni- 
versal ether.  This  determines  the  escaping  electricity  to  fall 
upon  their  nearer  negative  sides ;  the  molecular  resistance  con- 
sidered above  then  comes  into  play,  and  if  the  elastic  tension  of 
the  electricity  is  sufficient  to  overcome  this  resistance,  a  conduct- 
ing discharge  takes  place ;  otherwise  the  electric  movement  can 
only  be  after  the  manner  explained  on  p.  248,  that  is,  as  in  the 
process  of  induction.  According  to  these  views,  the  greater 
resistance  offered  by  dense  than  rarefied  air,  is  to  be  explained 
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by  the  smaller  nnmber  of  resisting  particles  encountered,  together 
with  the  diminished  resistance  of  each  particle.  For  it  will  be 
evident,  on  refering  to  fig.  7,  that  if  the  molecular  atmosphere 
expands,  as  it  will  if  the  air  be  rarefied,  the  resistance  at  5  will 
be  diminished.  Thus  air  rarefied  to  a  certain  degree  should  be- 
come a  conductor  of  electricity.  For  a  similar  reason  the  sur- 
faces  of  solid,  or  liquid  bodies,  should  condact  electricity  better 
than  the  internal  portions,  since  the  molecular  atmospheres  are 
more  expanded  there.*  It  will  also  be  observed,  in  view  of  the 
results  obtained,  that  imperfect  conduction  and  non  conduction 
depend  upon  certain  effects  resulting  from  the  polarization  of 
molecules,  and  that  non-conductors  may  become  imperfect  con- 
ductors if  the  tension  of  the  charge  presented  to  them  be  suf* 
fieient  But  it  should  not  be  overlooked  that  the  amount  of 
polarization  induced,  and  therefore  of  the  resistance  resulting 
from  it,  must  depend  upon  the  condition  of  the  interstitial  elec* 
trie  ether  (p.  248),  and  tne  distance  between  the  molecules ;  since 
the  interval  of  time  in  which  the  repulsive  impulses  propagated 
by  the  universal  ether,  may  come  into  action  before  the  electric 
ether  impelled  from  the  one  molecule  to  the  next  shall  begin  to 
take  decided  effect,  must  depend  upon  these  two  particulars.  The 
quality  of  conduction,  or  non-conduction  of  a  substance,  should 
therefore  depend  to  a  certain  degree  upon  the  mode  of  aggrega- 
tion of  the  particles ;  more  especially  as  different  groups  of  par- 
ticles, or  compound  molecules  (p.  241),  may  offer  different  de- 
grees of  resistance. 

If  an  insulated  metallic  ball,  /z,  be  placed  in  good  conducting 
communication  with  the  ground  and  afterward  with  the  charged 
prime  conductor  of  an  electrical  machine,  the  electricity  will  flow 
freely  along  the  route  thus  opened,  and  the  tension  of  the  ether 
passing  over  a  being  very  feeble  there  will  be  no  perceptible 
outward  movement  from  a  through  the  surrounding  air,  and  no 
sensible  polarization  of  the  particles  of  air;  but  this  will  no 
longer  be  the  case  if  the  charge  be  too  large  to  be  conducted  off 
with  fiicility.  The  effect  of  connecting  the  prime  conductor  with 
the  ground  when  the  machine  is  worked  is  to  allow  a  free  escape 
to  the  ether,  which  would  otherwise  pass  toward  the  first  layer 
of  air  particles,  and  displace  an  equal  quantity  from  each  layer 
in  succession  and  transfer  it  to  the  next. 

Electric  Spark, — If  we  suppose  the  insulated  metallic  ball,  ^, 
still  connected  with  the  prime  conductor,  to  be  placed  near  an- 
other ball,  6,  which  is  in  communication  with  the  ground,  on 
working  the  machine  the  ball  a,  in  receiving  its  charge,  will 
give  rise  to  electric  waves  proceeding  outward  from  it  (p.  248), 
and  at  the  same  time  polarize  the  particles  of  the  surrounding; 

'  Surfaces  of  noD-conductors  resist  the  flow  of  free  electricity  after  the  Baniit 
maoB«r  as  Um  internal  mass,  that  is,  by  their  molecules  b^:omtng  polaricef^^ 
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air.  As  a  consequence,  a  certain  portion  of  the  electric  fluid  on 
the  nearer  side  of  ft,  will  be  urged  away  and  pass  into  the  ground. 
This  side  will  thus  be  electrised  negatively  by  induction,  and 
react  upon  the  air  particles  between  the  two  balls,  increasing 
their  polarization,  and  upon  the  nearer  parts  of  a,  drawing  more 
electricity  to  them.  All  these  changes  will  be  attended  with  in- 
creasing wave  movements,  and  increasing  discharges  from  one 
particle  of  air  to  another  along  the  line  between  the  nearest 
points  of  the  balls.  The  electric  ether  in  transitu  between  the  air 
particles  on  this  line,  may  thus  come  to  have  sufficient  density  to 
establish  a  certain  degree  of  conducting  communication  between 
the  two  bodies,  and  so  to  convey  a  sudden  conductive  discharge 
along  this  line.  This  result  will  be  partially  due  to  the  lateral  ex- 
pansion, which  the  free  electricity  received  by  the  air  particles  on 
the  line  will  occasion  in  their  electric  atmospheres.  There  will 
be  two  causes  in  operation  to  produce  this  effect,  the  pressure  of 
the  stream  of  ether  passing  from  one  particle  to  the  next,  against 
the  atmosphere  upon  which  it  falls,  and  the  mutual  repulsion  of 
the  particles  that  will  thus  become  momentarily  overcharged. 
We  have  seen  (p.  247)  that  such  lateral  expansion  would  give 
rise  to  a  diminution  in  the  resisting  force  of  the  polarized 
molecules. 

As  the  positive  electricity  which  thus  passes  over  to  b  spreads 
over  its  surface,  it  partially  neutralizes  its  negative  state,  and 
thus  tends  to  check  the  flow  and  interrupt  the  passage  of  the 
spark.  There  is  also  a  sudden  diminution  in  the  tension  of  the 
electricity  received  by  a  from  the  prime  conductor,  which  is  an- 
other cause  of  this  interruption.  Apparently  another  cause  con- 
spiring with  these  two  is  a  reaction  to  the  sudden  lateral  expan- 
sion above  mentioned.  If  a  were  previously  charged  and  insu- 
lated, and  b  brought  continually  nearer  to  it,  the  mutual  induc- 
tive action  of  the  two  balls  upon  each  other  would  initiate  the 
electric  movement  above  alluaed  to  through  the  intervening  air, 
which  would  finally  result  in  the  passage  of  a  spark. 

The  light  of  the  spark  results  in  part  from  the  vibratory 
movements  in  the  atmospheres  of  the  air  molecules,  attendant 
upon  the  discharge.  (See  p.  219.)  Experiments  by  Riess,  Mas- 
son,  and  other  physicists,  have  conclusively  established  that  the 
electric  light  is  partially  due  to  the  passage  of  highly  luminous 
metallic  particles  from  the  positive  to  the  negative  surface.  The 
detachment  of  such  particles,  as  one  result  of  the  discharge,  may 
be  explaioed  by  ike  discharges,  or  flow  of  electricity  that  must 
take  place  directly  through  the  ball  a,  when  the  conductive  dis- 
charge from  a  to  6  occurs.  This  follows  from  the  fact  that  the 
electrici4:y  within  the  ball  is  no  longer  in  equilibrium  under  the 
action  o^  the  electrical  shell  that  surrounds  it,  and  the  impulses 
conveyed  by  the  electric  ournent  should  tend  to  detach  the  par 
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tides  at  the  end  of  the  metallic  line  through  the  ball.  The 
luminosity  of  the  detached  particles  is  to  be  ascribed  to  the 
vibratory  movements  imparted  by  the  discharge  to  the  electric 
atOK^pheres  of  the  particles. 

Excitation  of  Eleclricity, — There  are  various  special  modes  of 
exciting  electricity,  but  they  are  all  only  so  many  diflFerent  modes 
of  polarizing  contiguous  molecules ;  or,  more  comprehensively, 
of  effecting  certain  disturbances  in  the  equilibrium  of  electric 
atmospheres.  The  different  special  causes  of  disturbance  in 
these  cases  may  all  be  traced  to  some  action  of  the  molecular 
forces,  or  of  heat ;  and,  as  we  have  seen  (p.  64),  heat  is  also,  in 
its  primary  origin,  one  of  the  molecular  forces. 

FHctional  Elsctricity. — The  surface  of  one  body  should  not  in 
its  natural  condition  exercise  any  sensible  direct  electric  action 
upon  that  of  another,  unless  they  are  brought  into  close  prox* 
iroity ;  certainly  much  nearer  than  in  any  ordinary  case  of  mere 
contact.  (See  p.  240  and  Table  I.)  When,  however,  two  dissim- 
ilar surfaces  are  pressed  together,  especially  if  they  are  brought 
within  the  limits  at  which  a  force  of  adhesion  would  come  into 
operation,  the  unequal  molecular  forces  of  the  dissimilar  parti- 
cies,  might,  as  will  be  seen  in  another  connection  (p.  250),  give 
rise  to  a  polarization  of  the  particles.  The  development  of  such 
polarization  should  establish  a  wave  movement  entirely  through 
the  two  bodies  (p.  242),  and  as  the  result,  the  surface  toward 
which  the  flow  occurred  might  have  an  excess  of  free  electricity 
while  it  would  be  negatively  polarized  (p.  246);  that  is,  the  outer 
envelopes  would,  on  the  outer  side  of  the  molecules,  have  an 
excess  of  electricity,  and  on  the  inner  a  deficiency.  The  reverse 
would  be  true  of  the  other  surface.  This  is  the  probable  explana- 
tion of  the  electrical  excitement  which  may  be  obtained  in  a  feeble 
degree,  by  %\m\\e pressure^  as  in  the  experiment  by  Haiiy,  of  press- 
ing the  smooth  surfaces  of  fragments  of  calcareous  spar,  quartz, 
Ac.,  between  the  fingers.  But  the  process  of  excitation  by  fric- 
tion seems  to  be  different.  The  most  notable  distinction  to  be 
perceived  between  the  act  of  rubbing  and  that  of  pressure,  is, 
that  in  the  former  alone  the  protuberent  parts  of  tne  two  sur- 
faces are  pressed  against  each  other  laterally.  The  probability, 
then,  is  that  this  lateral  pressure  of  the  surface  particles  is  the 
immediate  cause  of  the  development  of  electricity  by  the  rub- 
bing of  one  surfistce  over  another.  Now  it  is  easy  to  see  that 
this  pressure  should  tend  to  compress  the  electric  atmospheres  of 
the  particles  laterally,  and  so  to  produce  an  accumulation  of 
electric  ether  on  their  outer  sides,  and  a  discharge  from  thence 
toward  the  other  surface.  If  the  surfaces  be  dissimilar  in  na- 
ture, or  condition,  the  effects  of  this  sort  of  action  should  be 
uneaual,  and  the  result  should  be  that  upon  the  one  surface  there 
would  be  an  excess  of  electricity,  and  upon  the  other  a  deficiency. 
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The  particles  of  each  body,  if  non-conductors,  should  also  be- 
come polarized,  after  the  same  manner  essentially  as  already  ex- 
plained (p.  242),  and  in  this  condition  would  serve  to  retain  the 
surfaces  in  their  disturbed  state  (p.  245-6).  The  explanation 
here  given  is  sustained  by  the  efl'ect  of  heat  when  applied  to 
one  of  the  surfaces,  which  is  to  disi>ose  that  surface  to  take  the 
negative  state,  and  in  fact  the  heat-pulses  should  expand  the 
molecular  atmospheres  (p.  73)  and  tend  to  produce  a  discharge 
of  electric  ether  from  their  outer  sides.  The  like  tendency  of 
roughness  of  surface  may  be  explained  in  a  similar  manner. 

The  tension  of  the  electricity  obtained  should  depend  upon 
the  degree  of  polarization  which  the  surface  molecules  are  en- 
abled to  retain,  for  upon  this  will  depend  the  limit  of  the  resist- 
ance which  they  are  capable  of  offering  to  the  free  flow  of  the 
electricity  from  molecule  to  molecule  (p.  246).  It  should  there- 
fore be  independent  of  the  velocity,  the  pressure,  and  the  extent 
of  the  rubbing  surfaces,  as  established  by  Peclet.  The  electrical 
state  of  the  surface,  whether  positive  or  negative,  must  depend 
upon  the  mutual  relations  of  the  surfaces,  and  the  comparative 
energy  of  the  disturbing  force  in  operation  upon  each  (p.  249). 

Voltaic  Electricity. — In  entering  upon  this  topic,  we  must  first 
endeavor  to  obtain,  from  our  present  point  of  view,  an  insight 
into  the  nature  of  chemical  union.  When  two  dissimilar  mole- 
cules, a  and  6,  are  brought  into  close  proximity,  the  eftective  ac- 
tion of  a  upon  the  atmosphere  of  b  may  be  quite  different  in 
amount  from  that  exerted  by  b  upon  the  atmosphere  of  a.*  As  a 
consequence,  the  relative  condition  of  these  atmospheres  may  be 
disturbed ;  in  other  words,  they  may  become  polarized.  As  the 
act  of  polarization  proceeds,  an  electric  current,  or  series  of 
waves  (p.  243),  will  pass  through  the  two  molecules,  and  at  the 
same  time  they  will  approach  each  other.  As  this  approxi- 
mation continues  the  density  of  the  electric  ether  between  them 
will  increase  (p.  241,  fig.  6,)  and  a  true  electric  or  conducting 
union  may  thus  be  established  between  them.  Under  these 
circumstances,  it  would  seem  that  finally  the  non-conducting 
resistance  offered  by  the  polarized  molecules  (p.  245)  should  be 
in  a  great  degree  overcome,  a  comparative  equilibrium  of  ten- 
sion be  established  between  the  outer  envelopes  of  the  two  at- 
mospheres, and,  as  a  consequence,  the  polarization  materially  de- 
crease if  not  ultimately  disappear.  In  this  event  the  final  unioti 
would  be  due  chiefly,  or  entirely,  to  the  molecular  attraction 
proper,  as  in  the  case  of  similar  molecules.    It  is  in  this  final 

*  A  disturbing  action  from  the  molecular  attraction,  may  even  come  into  opera- 
tion when  the  molecules  are  beyond  the  range  of  effective  attraction,  that  is  beyond 
(Zk,  Fig.  1.  For  it  is  to  be  observed  that  in  the  action  of  each  moleculo  upon  the 
atmosphere  of  the  next,  the  attractive  impulses  preyaU  orer  the  repulsive,  beyond 
Oc  as  well. as  between  Oa  and  Oc. 
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condition,  essentially,  that  we  suppose  a  particle  of  water  to 
exist  The  two  constituent  molecules,  oxygen  and  hydrogen, 
are  not  polarized,  or  but  feebly  so,  and  they  are,  to  a  certain  de- 
gree, in  conducting  communication  with  each  other.^* 

In  developing  the  theory  of  the  voltaic  current,  let  us  confine 
our  attention  to  the  case  of  a  single  cell,  consisting  of  water,  or 
acidulated  water,  between  a  plate  of  zinc  and  a  plate  of  cop- 
per. We  must  suppose  that  the  first  effect  is  a  mutual  polariz* 
ing  action  between  a  molecule  of  zinc  and  one  of  oxygen,  the 
former  being  brought  into  the  positive  state  and  the  latter  into 
the  negative  state,  upon  their  contiguous  surfaces.  The  attrac- 
tion  thus  developed  will  arrange  the  oxygen,  with  its  associate 
hydrogen  molecule,  on  a  line  normal  to  the  surface  of  the  zino 
plate.  The  farther  surface  of  the  molecule  of  hydrogen  will  be 
Drought  to  the  same  positively  polarized  state  as  the  zinc  plate, 
and  will  act  in  a  similar  manner  upon  the  next  particle  of  water ; 
and  so  on  from  one  particle  to  another  until  a  complete  chain  of 
polarized  molecules  extends  to  the  copper  plate. 

In  this  chain,  as  first  established,  we  reeard  each  particle  of 
oxygen  as  in  the  negative  state  on  the  side  nearest  to  the  zinc, 
and  each  associate  particle  of  hydrogen  as  in  the  positive  state  on 
its  farther  side ;  or  at  least  that  they  are  brought  essentially  into 
this  condition,  and  that  the  true  polarization  of  the  contiguous 
sides  is  comparatively  feeble,  by  reason  of  the  conducting  commu- 
nication between  them,  resulting  from  the  condensed  state  of  the 
electric  ether  by  which  they  are  electrically  connected  (p.  241). 
Not  only  does  the  positive  repulsion  that  originates  at  tne  zinc 
plate  establish,  by  induction,  a  chain  of  polarized  water  particles, 
in  which  the  farther,  or  hydrogen  side,  is  in  the  same  positive 
state  as  the  zinc,  but  it  also  tends  to  increase  the  density  of  the 
electric  ether  posited  between  the  oxygen  and  hydrogen  of  the 
individual  water  particles  of  this  chain,  and  so  to  urge  them  as- 
sunder."    Before  the  closing  of  the  circuit,  while  the  mutual 

^  It  is  not  absolutely  essential  to  the  explanation  of  the  voltaio  onrrent  that  the 
two  molecules,  when  combined,  should  be  regarded  as  devoid  of  polarisation. 

According  to  the  received  theory  of  the  constitution  of  a  molecule  of  water,  we  must 
regard  the  molecule  of  hydrogen  that  combines  with  a  molecule  of  oxygen  as  com* 
pound,  and  composed  of  two  simple  molecules  (p.  241,  fig.  5);  but  this  in  no  degrte 
effects  the  explanation  to  be  given,  fur  the  compound  molecule,  as  it  is  not  decom* 
posed,  comports  itself  throughout  essentially  as  a  simple  molecule  would  under  like 
circumstances.  It  is  to  be  observed  that  the*  process  of  polarization  above  considered 
does  not  occasion  an  excess  of  electric  ether  upon  the  entire  molecule  of  the  one  sub* 
atance,  and  a  deficiency  on  the  entire  molecule  of  the  other ;  since  when  a  molecule 
becomes  polarized  it  absorbs  upon  the  one  side  the  same  amount  of  electric  ether 
tliat  it  ffives  off  from  the  other  side  (p.  242). 

In  all  these  remarks  the  term  molecule  is  used  in  the  same  tense  as  heretofore. 

"  If  the  constituent  molecules  of  each  water  particle  were  not  in  conducting 
communication,  then  the  action  transmitted  along  the  line  would  serve  to  polarize 
these  molecules  and  thus  to  bind  them  more  closely  rather  than  to  separate  them. 
This  objection  seems  to  hold  against  Schdobein*8  theory. 
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polarizing  action  between  the  zinc  and  oxygen  is  in  continual 
operation,  waves  of  positive  electricity  spread  in  an  indefinite 
series,  from  the  zinc  plate  through  the  cell  and  all  the  media 
on  that  side  of  the  plate  (p.  243).  A  corresponding  series  of 
negative  waves  spread  in  every  direction  through  the  zinc  plate 
and  the  media  lying  without  it,  the  electric  movement  in  these 
being  toward  the  zinc  plate.  When  the  two  plates  are  pro- 
videa  with  wires  leading  away  from  them,  we  have  evidence  of 
this  wave  movement,  and  of  the  polarization  that  has  attended  it, 
in  the  positive  and  negative  states  of  the  ends  of  the  wires.  Now 
if  the  ends  of  these  two  wires  be  brought  together,  the  entire 
series  of  waves  which  pass  through  the  copper  and  zinc  plates  are 
condensed,  so  to  speak,  upon  the  wires,  and  pass  through  the 
circuit.  The  entire  quantity  of  electricity  that  would  be  dissi- 
pated from  the  copper  plates  is  thus  brought  around  to  the  zinc 
plate  again.  The  arrival  of  this  electricity  intensifies  the  polar- 
izing action  going  on  at  the  zinc  plate,  and  hastens  the  union  of 
the  zinc  and  oxygen  molecule.  It  also  determines,  if  not  before 
established,  the  completion  of  the  line  of  polarized  water-parti- 
cles traversing  the  cell.  As  soon  as  this  takes  place,  the  waves 
that  before  spread  through  the  cell  are  converted  into  linear 
currents.  At  the  same  time,  the  electricity  discharged  from  the 
zinc  to  the  oxygen  passes  over  by  conduction  to  its  associate 
hydrogen  molecule,  and  by  its  impulsive  and  repulsive  action 
urges  the  latter  over  to  the  next  particle  of  oxygen  in  the 
chain.  This  particle  of  hydrogen,  with  its  charge  of  positive 
electricity  thus  received,  acts  upon  the  second  particle  of  oxygen 
in  the  same  manner  that  the  zinc  acted  upon  the  first,  and  so  on 
throughout  the  chain.  As  the  detached  hydrogen  particle  is 
made,  by  the  same  force  which  detached  it,  to  attract  the  next 
oxygen  particle  more  energetically,  there  may  be  no  material 
movement  of  the  common  center  of  gravity  of  any  of  the  pairs 
of  particles  that  are  separating  or  uniting. 

The  explanation  of  the  voltaic  current  that  has  now  been 
given  seems  to  accord  with  the  established  laws  and  phenomena 
of  the  current.  The  primary  electro-motive  force  must  consist  in 
the  energy  of  the  natural  polarizing,  or  chemical  action,"  exerted 
between  the  zinc  and  the  oxygen  molecule,  diminished  by  any 
opposing  action  of  the  same  nature  that  may  be  in  operation  at 
the  copper  plate.  It  follows  from  the  principles  of  induction 
laid  down  on  p.  243,  that  the  quantity  of  electricity  in  circula- 
tion, or  the  intensity  of  the  current,  must  be  the  same  at  all 
points  of  the  circuit.  The  period  of  time  which  the  zinc  and 
oxygen  particles  occupy  in  combining  should  be  proportional  to 
the  length  of  the  entire  circuit,  supposing  it  to  be  of  the  same 

"  This  chemical  actioQ  it  iotensified  by  the  cooperative  polariziog  action  of  th« 
tolphuric  acid. 
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material  and  cross  section  throughout ;  actually  should  be  pro- 
portional to  the  ^^ reduced"  length  of  the  circuit.  During  this 
period  all  the  electricity  set  in  motion  b^  the  union  of  the  two 
panicles  should  pass  through  the  circuit ;  or  more  strictly,  be 
urged  forward  past  each  point  of  the  circuit,  in  electric  *'  waves 
of  translation."  The  quantity  of  electricity  that  moves  forward 
in  a  given  time  should  then  be  inversely  proportional  to  the 
length  of  the  circuity  other  things  being  the  same.  The  reason 
that  the  quantity  of  electricity,  or  the  intensity  of  the  current, 
is  proportional  to  the  area  of  the  cross  section  of  the  wire  is,  prob- 
ably, that  the  number  of  points  of  the  zinc  plate  which  are  co- 
temporaneously  in  action,  with  the  same  degree  of  energy,  would 
be  proportional  to  this  cross  section.  The  tension  of  the  elec- 
tricity circulating  in  the  current  should  be  the  greatest  where 
the  velocity  of  the  individual  particles  of  the  ether  is  the  least. 
Possible  retardations  result  from  the  electric  relations  of  contig- 
uous molecules  in  the  line  being  such  that  they  become  more  or 
less  polarized,  and  so  offer  a  resistance  to  the  free  flow  of  the 
electricity  (p.  246) ;  besides  that  the  process  of  polarization  is 
attended  with  a  retardation.  The  degree  of  polarization  that 
exists  at  any  point  of  the  current  serves  as  a  measure  of  the 
"  resistance  "  experienced  by  the  current  there. 

If  an  electrolyte  be  disposed  between  the  ends  of  the  wires,  the 
theory  of  its  electrolysis  is  similar  to  that  of  the  decomposition 
of  the  water  in  the  cell.  The  only  difference  is  that  the  ends  of 
the  wires  are  brought  by  the  electro-motive  force  into  the  same 
positive  and  negative  states,  which  the  natural  chemical  action 
in  the  cell  determines  upon  the  zinc  and  copper  plates. 

When  two  or  more  cells  are  employed,  the  natural  polarizing 
action  at  each  zinc  plate  should  be  enhanced,  and  the  tension  of 
the  free  electricity  at  the  ends  of  the  wires  of  the  broken  cir- 
cuit should  be  augmented.  Hence  there  should  be  a  more  ener- 
getic force  to  polarize  and  decompose  an  electrolyte  interposed 
between  the  ends  of  the  wires.  But  it  does  not  follow  that  when 
only  good  conducting  wires  are  employed  to  complete  the  circuit 
the  intensity  of  the  current  will  oe  augmented  by  increasing 
the  number  of  cells ;  since  the  principal  retardation  of  the  flow 
occurs  in  the  cells,  and  this  increases  in  the  same  proportion 
with  the  number  of  cells.  (See  Pouillet,  Elements  de  Pnysiquej 
ii,  732.) 

The  heat  developed  in  the  voltaic  current  is  to  be  ascribed  to 
the  impulsive  action  of  the  electric  ether  moving  in  it  upon  the 
universal  ether.  Currents,  or  waves  of  translation,  are  tnus  de- 
veloped in  this  ether,  which  fall  upon  the  central  atoms  of  the 
material  molecules  in  the  circuit,  or  the  dense  ether  surrounding 
these  atoms.  The  impulses  thus  received  are  given  off,  or  pass 
Am.  Joub.  Sol— Sbooiid  Sibiu,  Vol.  XXXIX,  No.  117.— Mat,  1865. 
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into  the  molecular  atmospheres,  one  after  another,  and  are  finally 
radiated  off  as  heat-pulses.  The  explanation  is  the  same  as  that 
of  the  molecular  absorption,  and  subsequent  radiation  of  the 
ethereal  pulses  of  radiant  heat,  already  given  (p.  215).  When 
the  condition  of  things  is  such  that  the  particles  in  the  circuit 
become  polarized,  a  greater  amount  of  heat  should  be  developed, 
because  a  part  of  the  electric  movement  within  the  molecular 
atmospheres,  which  was  before  confined  to  their  upper  portions, 
now  occurs  at  greater  depths,  where  the  universal  ether  is  more 
dense.  Thus,  when  the  resistance  to  the  passage  of  the  current 
becomes  greater,  more  heat  is  developed.  Heat  may  also  be 
evolved,  under  special  circumstances,  as  a  consequence  of  a  com- 
pression of  the  molecular  atmospheres,  produced  by  the  current. 
We  shall  see,  in  the  remaining  portion  of  this  memoir,  that  it 
is  to  these  same  impulses  of  the  moving  electric  upon  ilie  universal 
ether  that  are  to  be  ascribed  all  the  external  actions  of  the  cur- 
rent; as  attracting  or  repelling  wires  conveying  currents  in  the 
same  direction  with  the  given  current,  or  in  the  opposite  direc- 
tion,— giving  motion  to  the  magnetic  needle, — developing  mag- 
netic, or  diamagnetic  currents,  in  the  compound  molecules  of 
adjacent  masses, — and  inducing  currents  in  wires,  or  metallic 
bodies,  in  the  vicinity. 

[To  be  continued.] 


Art.  XXVUI. — On  the  combination  which  takes  place  when  Light 
of  difftn-ent  tints  is  presented  to  the  right  and  left  eye ;  by  Pro£ 
Ogden  N.  Rood,  of  Columbia  College. 

In  1806,  de  Haldat  stated  that  when  differently  colored  glasses 
were  held  before  the  two  eyes,  a  combination  of  the  two  tints 
took  place  in  the  brain,  and  that  the  resultant  impression  was 
the  same  that  would  have  been  produced  by  mixing  the  two 
tints  to)2:ether,  and  presenting  the  compound  color  to  a  single 
ejre.  These  experiments  were  repeated  by  many  good  observers 
without  success.  In  1841,  with  tne  aid  of  a  stereoscope  and  po- 
lariscope,  Dove  confirmed  the  general  correctness  of  de  Haldat's 
conclusion.  In  1846,  Seebeck,  and,  in  1849,  Foucault  and  Reg- 
nault  arrived  at  the  same  result. 

The  testimony  of  these  observers  has  then  proved  that  a  com- 
bination of  the  two  sensations  does  take  place  in  the  brain,  and 
that  the  resultant  impression  is,  in  the  cases  they  examined,  gen- 
erally similar  to  that  which  would  be  produced  by  the  presenta- 
tion of  the  two  tints  to  a  single  retina:  but  with  what  exacti- 
tude the  resultant  tint  obtained  by  the  binocular  method  agrees 
with  that  produced  in  the  ordinary  way  by  rapid  rotation,  or  by 


Digitized  by  VjOOQ IC 


O.  N.  Rood  on  Combination  of  Light  of  different  tints.    266 

Helmholtz's  method,  or  how  far  it  is  in  point  of  fact  possible  to 
predict,  by  the  binocular  method,  what  the  result  of  the  true 
mixture  of  different  tints  will!  be,  is  a  question  which,  so  far  as 
I  know,  has  never  been  studied. 

The  following  set  of  experiments  was  undertaken  for  the  ex- 
amination of  this  matter. 

The  first  method  pursued  was  as  follows :  Light  of  different 
tints,  complementary  or  not,  was  presented  to  the  right  and  left 
eye,  and  the  resultant  tint  gained  oy  binocular  vision  was  noted : 
afterward,  by  the  method  of  rapid  rotation  the  two  tints  were 
mixed  and  presented  to  a  single  retina.  In  many  cases  the  re- 
sults obtained  by  the  two  methods  were  nearly  identical,  but  in 
others  there  was  found  to  be  a  considerable  variation,  so  that 
often  it  was  impossible  to  predict  by  the  binocular  method  what 
the  exact  resultant  by  rotation  would  be  ;  it  sometimes  being  of 
a  tint  which  was  not  at  all  present  to  the  eye  or  mind  during  the 
binocular  union. 

An  open  lenticular  stereoscope  was  provided  with  a  white 
card  board,  in  which  were  cut  two  square  apertures  one  half  an 
inch  in  diameter,  they  being  placed  at  such  a  distance  apart  that 
their  binocular  union  readily  took  place.  The  ground  glass  was 
removed,  and  the  stereoscope  held  horizontally  in  front  of  a  ro- 
tation apparatus  to  which  was  attached  a  circular  card-board 
disc,  with  its  two  halves  painted  in  different  colors.  The  disc 
remaining  at  rest,  the  dividing  line  of  the  colors  being  vertical, 
light  of  different  colors  entered  the  two  apertures  in  the  card- 
board,  and  after  their  binocular  union  had  been  effected,  the  re- 
sultant was  noted :  the  disc  was  then  set  in  rotation,  the  stereos- 
scope  remaining  in  its  position,  and  a  true  mixture  of  the  Iwo 
tints  was  obtained  and  compared  with  the  first  result. 

Helmholtz  has  shown  that  vermilion  represents  the  red  of  the 
solar  spectrum  up  to  the  line  C,  that  red  lead  answers  to  a  por- 
tion between  C  and  D,  but  not  reaching  up  to  D ;  also,  that  the 
pure  yellow  portion  of  the  spectrum  is  imitated  by  the  chroraate 
of  lead,  the  less  refrangible  blue  by  Prussian  blue,  and  the 
more  refrangible  blue  by  ultramarine.  Accordingly  discs  were 
prepared  with  these  substances,  and,  in  addition^  some  others 
were  used :  viz. :  a  disc  colored  with  a  bright  and  pure  yel- 
low, a  little  more  refrangible  than  chrome  yellow,  but  stiljl 
not  at  all  greenish  yellow — its  tint  was  about  that  of  107*7,  in 
Kirchhoff's  chart:  for  the  production  of  a  greenish  yellow  disc, 
gamboge,  with  a  minute  portion  of  Prussian  blue,  was  used — its 
tint  was  that  of  113-2;  more  of  the  latter  color,  with  gamboge^ 
gave  a  good  greenish-blue  disc^  Red  discs,  slightly  purpjish^ 
were  used;  also  discs  colored  with  emerald  green,  170*  in  tb© 
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ohart.  In  addition  discs  of  a  golden  yellow,  being  some  of  the 
same  paper  I  had  previously  used  in  the  stereoscopic  imitation 
of  the  luster  of  gold — its  tint  was  102*7 ;  and  finally  purple  discs 
were  made  by  the  mixture  of  ultramarine  and  crimson  lake. 

Comparison  of  the  results  obtained  hy  the  binocular  and  actual  combina- 
tion of  different  tints, 

1.  When  one-half  of  the  disc  was  covered  with  vermilion,  the 
other  with  emerald  green,  the  binocular  combination  was  rather 
difficult,  and  the  result  was  sometimes  a  red  gray,  sometimes  a 
green  gray ;  but  when  the  disc  was  set  in  rotation,  its  true  result- 
ant tint  was  found  to  be  a  decided  green,  which  could  not  have 
been  predicted  from  the  binocular  union.  That  red  and  green 
should  give  a  decided  green  by  rotation  may  seem  singular,  but  it 
must  be  remembered  that  I  was  not  able  to  vary  x\iQ  proportion  of 
these  two  tints,  each  halfot  the  disc  necessarily  being  of  the  same 
tint  In  this  case  then,  it  merely  happened  that  the  intensity  of 
the  green  was  such  that  after  a  portion  of  it  had  been  neutral- 
ized by  the  red,  enough  remained  to  give  a  strong  green  colora- 
tion to  the  disc.  Similar  results,  given  below,  will  be  passed 
over  without  notice :  they  really  furnished  a  delicate  test  for  de- 
ciding whether  the  binocular  resultant  agreed  with  that  produced 
by  rotation,  preconceived  notions  of  complementary  colors  being 
thus  avoided,  as  it  was  impossible  to  know  beforehand  what  the 
result  would  be,  when  the  rotation  experiment  was  tried  with 
equal  surfaces  of  the  colored  papers.  In  several  cases  the  tints 
on  equal  portions  of  some  of  the  discs  nearly  exactly  balanced 
each  other,  so  that  the  resultant  tint  by  rotation  approximated 
to  a  white  or  neutral  gray. 

2.  Vermilion  and  ultramarine  gave  with  some  ease  the  ^ame 
tint  by  the  two  methods  of  combination ;  viz.,  a  red  purple:  the 
tint  was  however  rather  more  red  by  rotation  than  would  have 
been  expected  from  the  binocular  combination. 

3.  Vermilion  and  yellow  (107*7)  gave  by  rotation  a  tint<5on- 
taining  much  more  yellow  than  would  have  been  expected  from 
the  binocular  examination. 

4.  Vermilion  and  purple  gave  the«ame  tint  in  both  cases,  viz., 
a  red  purple. 

6.  Vermilion  and  black  gave  approximately  the  same  result 
in  the  two  cases ;  the  disc  was  however  less  red  by  binocular 
visioa  than  by  rotation. 

6.  Veormilion  and  white  gave  the  same  result  in  both  cases. 

7.  Orange,  (red  lead,)  and  purple  gave  a  good  approximation 
to  the  same  result  in  the  two  cases;  the  tint  was  more  red  by 
rotation  than  was  expected. 
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8.  Orange  and  black  gave  a  more  neutral  tint  by  binocular 
vision  than  by  rotation. 

9.  Orange  and  white  gave  the  same  tint 

10.  Chrome  yellow  and  emerald  green  (170*)  gave  the  same 
result,  viz.,  a  yellowish  green. 

11.  Chrome  yellow  when  combined  with  black  by  rotation 
gave  a  more  decided  yellow  than  would  have  been  expected  firom 
the  stereoscopic  union  of  the  two  components. 

12.  With  white  the  tint  was  the  same  in  each  case. 

13.  Emerald  green  with  white  gave  the  same  tint  in  both 
cases;  with  black  the  tint  was  not  nearly  green  enough  in  the 
binocular  union. 

14.  Ultramarine  with  white  or  black  gave  about  the  same  re- 
sult in  each  case. 

16.  Purple  and  yellow  (107*7)  by  rotation  gave  a  decided  yel- 
low :  the  resultant  impression  from  binocular  vision  was  much 
more  neutral. 

It  will  be  noticed  that  in  all  these  experiments  the  colors  of 
the  discs  were  such  either  in  intensity  or  nature  that  by  rotation 
a  neutralization  was  not  to  be  expected ;  I  now  pass  to  those 
cases  where  the  tints  were  complementary  or  approximately  so. 

1.  Golden  yellow  and  Prussian  blue  gave  about  the  same  tint 
in  the  two  cases,  viz.,  a  nearly  pure  gray. 

2.  Vermilion  and  greenish  blue  gave  approximately  the  same 
tint  in  both  cases,  viz.,  a  gray  slightly  purplish :  the  tint  by  bi- 
nocular vision  was  a  little  more  neutral. 

3.  Greenish  yellow  and  purple  gave  sometimes  the  same  tint 
in  both  cases,  viz.,  a  gray  with  a  tinge  of  green. 

4.  Emerald  green  and  purplish  red  gave  by  rotation  a  good 
neutral  gray,  but  I  coula  not,  by  binocular  vision,  get  exactly 
the  same  result,  the  tint  of  the  resultant  being  either  too  red 
or  too  green.  Both  of  the  original  colors  used  were  very  pure 
and  bright. 

Lastly,  I  give  two  combinations  on  which  many  experiments 
were  made,  viz.,  first,  chrome  yellow  and  ultramarine.  By  the 
stereoscopic  union  of  the  components  a  pure  gray  was  obtained, 
or  at  least  a  grav  without  anv  tinge  of  red,  but  by  rotation  the 
color  was  of  reddish  copper  hue,  which  could  not  have  been  an- 
ticipated in  using  the  other  method  of  combination.  Also,  yel- 
low (107 '7)  and  ultramarine  often  gave  in  the  binocular  method  a 
neutral  gray,  while  the  true  union  of  the  colors  gave  a  flesh  tint 

It  will  be  seen  from  these  experiments,  that  while  a  combina- 
tion does  in  reality  take  place,  yet  that  the  resultants  in  the  two 
cases  may  very  considerably  differ,  and  farther,  that  there  is  a 
tendency  in  the  binocular  method  to  consider  the  resultant  im^ 
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pression  a  neutral  one,  when  the  method  by  rotation  shows  that 
this  h  not  truly  the  case.  This  is  illustrated  in  a  striking  man- 
ner by  an  experiment  previously  published  by  me,  which  I  have 
lately  repeated  a  number  of  times  with  the  same  result.  A  yel- 
low glass  is  held  before  one  of  the  eyes,  a  blue  glass  before  the 
other,  when,  as  Briicke  rightly  states,  a  landscape  thus  viewed, 
seems  of  a  neutral  gray  if  the  attention  be  equally  directed  to 
the  two  impressions.  When,  however,  the  two  glasses  are  at- 
tached to  opposite  openings  in  a  blackened  card  disc,  and  set  in 
rapid  rotation  so  that  the  tints  are  truly  mixed  and  a  true  result- 
ant obtained,  this  is  found  (with  the  glasses  I  employed),  to  be  a 
strong  pur})le,  though  nothing  of  this  kind  is  seen  or  suggested 
in  the  binocular  use  of  the  glasses.  It  is  probably  this  tendency 
to  consider  the  resultant  neutral,  that  makes  it  so  easy  to  com- 
bine, in  binocular  vision,  tints  produced  by  polarized  light,  and 
to  perceive  that  the  resultant  is  white. 

It  may  be  remarked  in  passing,  that  when  the  stereoscope  is 
held  as  described  before  the  two  halves  of  the  colored  disc,  and 
the  latter  is  caused  to  revolve  .slowly,  that  the  aperture  in  the 
card  board  appears  extraordinarily  lustrous,  so  much  so  that  it 
would  be  possible  by  a  little  artistic  arrangement  of  the  accesso- 
ries to  deceive  persons  with  the  belief  that  they  were  looking  at 
the  surface  of  a  polished  metallic  mirror. 

Binocular  union  of  complementary  tints  produced  by  polarized  liyhU 

For  the  purpose  of  experimenting  on  this  point,  I  arranged  a 
binocular  polariscope,  consisting  of  a  large  plate  of  polished 
glass  resting  on  a  black  cloth,  two  Nicols'  prisms  being  fastened 
before  the  two  eyes  in  the  right  position,  the  principle  section  of 
one  of  them  making  an  angle  of  90°  with  that  of  the  other.  As 
objects,  plates  of  selenite  were  used,  listened  behind  apertures 
in  black  card  board.  Films  of  common  mica  cannot  well  be 
employed  on  account  of  the  rapid  change  of  the  tint  by  the  least 
inclination.  As  the  colors  were  exactly  complementary,  the  re- 
sultant by  binocular  vision  should  always  be  pure  white. 

Results  with  polarized  light. 

1st,  Red  with  greenish  blue  of  2nd  order  combined  with  some 
readiness  to  make  a  white.  The  same  was  true  of  these  tints  in 
the  8rd  order;  here  the  resultant  white  wasve?^/  easily  obtained. 
The  same  tints  in  the  4tli  order  gave  an  excellent  result ;  the 
components  were  of  course  pale,  but  the  resultant  white  was  pro- 
portionally steady.     So  also  with  the  same  tints  in  the  5th  order. 

2nd,  Golden  yellow  with  its  complementarv  blue  of  the  2nd 
order,  gave  a  good  result.  The  same  tints  of  the  3d  order  also 
readily  neutralized  each  other. 
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8rd,  Yellow  and  indigo  blue  of  1st  order  gave  easily  a  very 
good  white.  The  same  tints  in  the  2nd  order  united  with  more 
difficulty.     Union  was  about  the  same  in  3rd  order. 

4th,  Greenish  yellow  and  violet  of  2nd  order  combine  to  a 
white  with  some  difficulty.  The  same  is  true  of  these  tints  be- 
longing to  the  3rd  order. 

5tb,  Green  and  purplish  red  of  the  2nd  order,  united  with 
moderate  ease.  The  same  tints  in  the  3d  order  united  with 
great  ease,  and  the  resultant  white  could  be  retained  very  steadily. 

From  the  above  it  will  be  seen  that  the  union  most  easily 
takes  place  when  the  complementary  tints  have  a  low  intensity. 
The  same  result  can  also  be  produced  with  the  colored  discs  by 
shading  them,  when  the  two  impressions  much  more  readily  fuse 
into  a  neutral  single  one. 


Art.  XXIX. — On  an  experiment  with  Hie  Qyroscope;  by  Prof. 
0.  K  EooD,  of  Columbia  College. 

If  a  gyroscope  be  suspended  in  equilibrium  by  pivots  at  p 
and  p',  and  the  disc  be  set  in  rotation  in  the  direction  indicateu, 
and  an  attempt  be  made  to  cause  it  to  rotate  about  a  new  axis 
p'  /?,  in  the  direction  shown  at  A,  the 
disc  will  tend  to  turn  in  the  direction 
s  5,  and  if  the  pivots  j^j^'  are  immov- 
able, pressure  ngainst  them  will  be 
generated  in  the  direction  s  5,  wfiich 
will  continue  till  the  disc  has  been  ro- 
tated through  an  arc  of  90°.  If  the 
rotation  around  the  new  axis  p  //,  be 
still  continued,  the  pressure  on  the 
pivots  ;)p'  becomes  reversed,  and  the 
disc  tends  to  move  in  the  direction//, 
and  retains  this  tendency  till  it  has 
passed  over  an  arc  of  180°,  when  this  tendency  is  again  reversed 
and  becomes  the  same  as  in  the  first  case,  its  sign  not  being 
changed  till  the  disc  has  passed  through  an  arc  of  180°. 

Hence,  during  the  entire  revolution  around  the  new  axispp', 
a  varying  pressure  is  exerted  on  the  fixed  pivots,  alternately  to 
the  right  and  left  hand. 

It  occurred  to  me  that  by  causing  a  gyroscope,  suspended  in 
this  way,  to  rotate  rapidly  about  a  new  axis  ns  p  p\  its  original 
motion  might  thus  be  destroyed  in  this  indirect  manner.  A 
gyroscope  was  selected,  which,  when  set  in  rotation  by  a  certain 
force  and  allowed  to  remain  undisturbed,  continued  in  motion 
for  16  minutes.  It  was  connected  with  a  set  of  multiplying 
wheels,  and  the  instant  after  it  had  been  started  in  rapid  rota- 
tion, it  was  forcibly  caused  to  revolve  about  the  new  axis  pp\ 
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at  a  rate  of  forty  revolutions  per  second.  The  resistance  exper* 
ienced  was  considerable,  such  as  in  two  cases  to  eject  the  disc 
from  its  mounting,  and  the  motion  of  the  disc  was  found  to  be 
arrested  in  about  twenty  seconds,  or  in  the  ^V^^  portion  of  the 
time  it  otherwise  would  have  occupied. 


Art.  XXX. — Description  of  a  simple  apparatus  for  producing 
lustre  without  the  use  of  Lustrous  surfaces  or  of  the  Stereoscope  ; 
by  Prof.  Ogden  N.  Rood,  of  Columbia  College. 

In  attentively  looking  at  plane  polished  surfaces  of  aventurine 
glass,  I  have  often  been  for  a  moment  unable  to  determine  by 
binocular  vision  exactly  where  some  of  the  imbedded  crystals 
were  placed,  they  seeming  for  an  instant  to  be  suspended  in  the 
air  above  the  glass.  This  uncertainty  depends  on  the  fact  that  it 
frequently  happens  minute  crystals  will  reflect  bright  beams  of 
light  to  one  eye  but  none  to  the  other,  so  that  one  of  the  binoc- 
ular components  is  wanting.  The  apparatus  described  below 
was  contrived  so  as  to  produce  the  same  eflfect  even  to  a  much 
greater  degree,  as  well  as  to  show  the  production  of  simple  lustre. 

A  box  was  constructed  three  inches  long,  one  and  a  half 
inches  broad  and  deep ;  this  was  blackened,  and  provided  with 
a  black  screen  at  S ;  the  side  directly  under 
S  was  left  entirely  open,  and  allowed  the 
light  from  a  window  or  candle  to  enter. 
At  h  was  an  aperture  i  inch  square,  which  /  /--y^ 
was  covered  by  a  black  card-board  or  piece 
of  blackened  brass  foil,  in  which  a  nun- 
dred  or  more  pin-holes,  or  better,  minute 


triangular  apertures,  were  punched.  Directly  below  this  on  the 
blackened  surface  of  the  floor  of  the  box,  were  sprinkled  about  a 
hundred  small  pieces  of  white,  red,  and  green  paper,  each  being 
about  T^jth  of  an  inch  square.  When  thus  arranged  and  prop- 
erly illuminated,  many  of  the  apertures  appeared  lustrous,  like 
small  brilliant  grains  of  sand,  from  the  reason  that,  owing  to  the 
construction,  light  of  diflferent  intensity  or  color  was  presented 
to  the  two  eyes. 

If  now  a  second  blackened  diaphragm  of  brass  foil,  perforated 
with  many  minute  triangular  apertures,  carefully  prepared  so  as 
not  to  have  an  indented  surface,  be  placed  above  the  first  set  of 
apertures,  at  a  distance  of  J  or  i  of  an  inch,  brilliant  points  of 
light  are  seen  either  by  one  eye  or  the  other,  light  from  the  same 
opening  rarely  reaching  both  eyes.  It  now  becomes  impossible 
to  decide  on  the  location  of  these  points,  and  they  often  seem 
suspended  in  space,  somewhere  in  the  interior  of  the  box,  but 
exactly  where  the  observer  cannot  determine. 
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Art.  XXXI. — Remarks  on  the  Beatricece^  a  new  Division  of 
MoUusca;  by  Alpheus  Hyatt,  Jr. 

During  an  expedition  to  the  island  of  Anticosti  in  the  sum- 
mer of  eighteen  hundred  and  sixty-one,  undertaken«by  Mr.  A. 
E.  Verrill,  N.  S.  Shaler  and  myself  and  prosecuted  under  the 
auspices  of  the  Museum  of  Comparative  Zoology,  in  Cambridge, 
numerous  specimens  of  Beatriceae  were  collected  at  English 
Head,  West  Point,  near  Junction  Cliff,  on  the  shores  of  Ellis 
Bay,  and  at  several  points  between  Salmon  Eiver  and  Fox  Bay. 

I  have  satisfied  myself  by  a  careful  inspection  of  this  large 
collection  during  the  past  two  years,  that  these  remarkable  re- 
mains are  not  tree-like  fossils,  as  originally  described  by  Mr.  Bil- 
lings of  the  Canada  Geological  Survey,  but  a  new  and  interesting 
order  among  MoUusca  closely  allied  to  the  Orthoceratites. 

I  have  in  course  of  preparation  a  monograph  upon  this  new 
order,  but,  as  unforseen  difficulties  will  probably  delay  its  com- 
pletion, I  hope  that  even  so  slight  a  sketch  as  is  here  given  of 
the  most  prominent  characters  may  not  prove  uninteresting.' 

The  BeatricesB  are  long  cone- like  bodies,  composed  of  three 
distinct  parts,  or  layers,  in  the  following  order :  (1)  A  central 
chain  oi  small  hollow  chambers ;  (2)  a  succession  of  concentric 
coniform  layers ;  ^3)  an  external  or  sub-epidermal  layer. 

(1.)  The  central  chambers  are  imperforate,  generally  deeply 
concave,  and  set  one  upon  another  like  a  pile  of  Chmese  tea- 
cups. The  tops,  as  also  the  bases  of  the  coniform  layers,  are 
turned  toward  the  larger  end  of  the  fossil,  and  completely  closed 
by  the  bottoms  of  the  succeeding  cavities.  They  invariably 
occupy  the  axis  of  the  encircling  coniform  layers,  and  have  thin 
and  sharply  defined  walls,  resembling  the  fossilized  nacreous 
septa  of  an  Ammonite  or  Nautilus,  and  are  not  continuous  with 
each  other  or  with  the  adjoining  coniform  layers. 

These  cavities  present  many  variations  of  form  in  the  same 
individual,  especially  in  B.  undidata^  sometimes  in  this  species 
even  becoming  reversed,  convex  instead  of  concave,  or  broken 
up  into  several  minor  chambers.  Such  irregularities,  however, 
are  merely  local,  arising  from  mutilation  or  other  disturbing 

*  AlthoQgh  ftoy  adeqaate  acknowledgmeDt  of  Ihe  kindness  shown  to  the  mem* 
bers  of  the  expedition  by  Prof.  Louis  Agassiz,  Sir  Edmund  Ueadi  then  Goveraor- 
OenenU  of  Canada,  and  Mr,  George  Ticknor  of  Boston,  all  of  whom  did  their  ut- 
most to  aid  us  in  accomplishing  our  designs,  would  be  more  appropriate  in  the 
monograph  alluded  to  abore,  I  cannot  refrain  from  availing  myself  of  the  present 
opportunity  to  express  our  sincerest  thanks  for  the  sympathy  and  assistance  we  re- 
ceired  from  them.  My  personal  thanks  are  also  due  to  my  father,  Mr.  Alpheoa 
Hyatt,  St.,  of  Baltimore,  Md.,  to  whose  generosity  I  owe  the  privilege  of  attending 
tlie  expedition. 

Ax.  Jous.  8CL— Sboond  Sntisi,  Vol.  XXXIX,  No.  117.— Mat,  1M6. 
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causes,  not  affecting  any  individual  as  a  whole.  In  B.  nodulosa 
they  remain,  with  but  few  exceptions,  constantly  concave,  and 
have  regular  forms. 

(2.)  The  coniform  layers  are  separated  in  fully  grown  speci- 
mens by  intervening  spaces  near  the  central  line  of  cup-like 
cavities,  which  become  gradually  shallower  upward  and  out- 
ward, and 'Anally  disappear  between  the  closely  appressed  bases 
of  the  overlapping  layers. 

In  consequence  of  the  great  length  of  the  cones  or  layers,  the 
upper  or  narrower  portions  of  the  intervening  spaces  in  B,  nod" 
ulosa  are  parallel  with  the  external  surface,  ana  appear  as  nar- 
row streaKS  of  blue  limestone.  In  the  young  of  B.  undulaia 
and  B,  nodulosa  the  intervening  spaces  are  not  present,  but  the 
layers  are  easily  distinguished  and  have  the  same  abrupt  cone- 
like terminations  as  in  the  adult.  The  cones  are  formed  of 
numerous  thin  laminae,  whose  surfaces  being  but  partially  in 
contact,  form  oblong,  angular,  interstitial  spaces  or  cells,  with 
two  concave,  and  one  convex  side,  the  latter  always  turned  out- 
ward. They  are  largest  near  the  center,  giving  a  porous,  spongy 
aspect  to  that  part  of  the  cone  immediately  around  the  axial 
cavities,  but  become  gradually  smaller  outward  until  they  are 
not  distinguishable  by  the  naked  eye  between  the  closely  packed 
laminae. 

(3.)  The  sub-epidermal  or  outer  layer  is  of  a  dark  brown  color, 
and  in  well  preserved  specimens  is  ornamented  and  continuous 
without  annular  marks  or  furrows. 

It  was  probably  the  structure  of  the  overlapping  partitions  or 
cones,  ana  the  parallelism  of  their  upper  parts,  which  in  a  trans- 
verse section  closelv  resemble  annular  rings  of  growth,  that  led 
Mr.  Billings  to  class  Beatricese  with  plants.  The  cellular 
structure  is,  however,  not  due  to  the  presence  of  true  cells  per- 
vading the  substance  of  the  cones,  but  to  the  regularly  formed 
interstices,  described  above,  between  the  thin  laminae  of  which 
they  are  composed;  and  the  annular  appearance  is  consequent 
to  the  overlapping  of  the  cone-like  concentric  partitions,  which 
were  deposited  from  within,  and  cannot,  therefore,  be  considered 
plant-like  exogenous  layers. 

We  were  fortunate  enough  to  obtain  a  specimen  of  jB.  undu- 
laia at  English  Head  which  demonstrates  that  the  cone-like  par- 
titions are  the  walls  of  chambers  that  were  successively  occu- 
pied by  a  part,  if  not  by  the  whole  body  of  an  animal. 

It  is  a  fragment  of  the  larger  end,  broken  across  the  terminal 
chamber,  exhibiting  the  outline  of  the  animal  parts,  contained 
within  the  cavity  at  the  time  of  the  burial  of  the  Beatricean  in 
its  Silurian  grave.  The  centre  is  filled  with  a  core  of  carbonate 
of  lime  from  which  a  variable  number  of  lobe-like  longitudinal 
folds  impinge  against  the  sides  of  the  vesicular  cone,  oorres- 
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ponding  to  angular  external  ridges  projecting  from  the  outer 
surface.  The  spaces  between  the  folds  are  acutely  angular,  and 
answer  to  an  equal  number  of  broad  shallow  channels  between 
the  external  ridges.  The  correspondence  of  this  core  with  the 
exterior  renders  the  supposition  of  its  being  the  fossilized  form 
of  those  parts  of  the  animal  that  secreted  the  shell  extremely 

{>robable.  The  differences,  also,  which  exist  between  the  lobe- 
ike  folds  and  the  corresponding,  angular,  external  ridges  be* 
tween  the  vacant,  deeply  cut,  angulated  interspaces,  asd  the 
shallow,  external  channels,  show  that  the  inclosed  body  was  sur- 
rounded by  a  mantle.  If  the  shell  had  not  been  secreted  by  an 
envelooing  mantle,  the  outline  of  the  exterior  would  have  cor- 
responaed  more  closely  to  the  internal  irregularities  of  the  sur- 
face of  the  body,  and  there  would  have  resulted  a  shell  with 
prominent  lobe-like  folds,  instead  of  depressed,  angular  ridges, 
and  deeply  cut  angulated  interspaces,  instead  of  broad,  shallow 
channels. 

In  attempting  to  refer  the  Beatriceae  to  their  proper  place  in 
the  animal  kingdom,  we  were  at  first  much  impressed  oy  their 
great  likeness  to  C^stophyllum ;  Mr.  Verrill,  however,  after 
naving  made  extensive  comparisons  between  them  and  all  the 
seemingly  allied  forms  of  Badiata  in  the  Museum  of  Comparative 
Zoology  in  Cambridge,  became  convinced  that  their  apparent 
affinity  to  the  Badiate  branch  was  nothing  more  than  an  analogi- 
cal resemblance ;  extending,  however,  in  a  most  extraordinary 
manner  throughout  the  internal  parts. 

Mr.  Verrill  separates  them  from  the  Badiata  principally  because 
of  the  absence  of  any  radiated  structure,  and  the  presence  of  the 
external,  subepidermal,  ornamented  layer;  features  which  he 
considers  as  irreconcilable  with  the  structure  of  that  branch. 

An  additional  objection  of  considerable  weight,  may  be  founded 
upon  the  internal  organization  of  the  specimen,  from  English 
Head,  above  described. 

This,  with  the  fossilized  remains  of  its  former  occupant  still 
preserved  within  the  chamber,  the  last  of  a  series  of  other  cone- 
like chambers,  when  considered  in  connection  with  the  contin- 
uity of  the  sub-epidermal  layer,  and  the  absence  of  all  annular 
furrows,  shows  conclusively  that  the  shell  was  secreted  by  a 
Mollusk. 

The  Beatrice»  are  very  like  the  Hippuritidfie,  both  in  general 
form  and  the  arrangement  of  the  component  parts  of  the  shell ; 
but  here  again  it  may  be  demonstrated  that  the  resemblance  is 
not  so  close  as  it  at  first  appears  to  be. 

The  geological  horizon  in  which  they  occur,  without  other 
evidence,  would  alone  be  sufficient  to  render  their  affinity  with 
the  HippuritidfiD  exceedingly  doubtful;  but,  besides  this,  the 
structure,  evidently,  is  not  so  closely  allied  to  that  of  the  HippO" 
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rite  as  to  the  Cephalopod.  The  shell  of  the  Hippurite  is  com* 
posed  of  three  parts :  first,  the  inner  septa,  second,  the  outer  lay- 
ers, which  frequently  form  a  porous  mass,'  and  third,  an  external 
•ub-epidermal  layer/ 

The  inner  septa,  which  supported  the  principal  part  of  the 
body  of  the  Mollusk,  form  larse  cayities,  while  the  second  part 
is  made  up  of  laminae  laid  on  by  the  mantle  margin,  or  at  least 
that  part  corresponding  to  the  mantle  margin  of  the  Lamelli- 
branchiates. 

In  Beatrices^,  on  the  contrary,  the  inner  septa  did  not  contain 
the  body  of  the  animal,  and  tnere  are  no  marks  whatever  of  a 
mantle  margin.  This  objection  could  not  be  urged  against  their 
affinity  with  Gaprinella  and  the  like,  in  which  the  central  cavi- 
ties are  small ;  but  from  these  they  may  be  separated  by  the  ab- 
sence of  all  ligamental  or  muscular  impressions  and  the  mode  of 
forming  annular,  cellular  partitions,  composed  of  numerous  1am- 
inse,  instead  of  a  continuous  series  of  porous  or  tubular  laminae. 

The  Hippurites,  Caprina,  and  the  like,  were,  with  few  excep- 
tions, attached  to  the  surfaces  upon  which  they  lived  or  to  each 
other,  and  had  short,  thick,  cone-like  forms,  affording  broad 
bases  of  attachment,  whereas  the  Beatrice»  were  long,  thin,  al- 
most tubular  bodies,  resembling  the  Orthoceratites,  and  entirely 
unfitted  to  support  themselves  in  fixed  positions. 

We  saw  hundreds  of  B.  nodulosa  and  B,  undnlxUa  "  in  situ,'* 
but  nowhere  any  indications  of  attachment,  either  to  the  rocks 
or  to  each  other. 

Afler  close  comparison  with  all  the  types  to  which  these  sin- 
gular fossils  appeared  to  have  any  resemblance,  I  have  at  length 
considered  myself  warranted  in  considering  them  as  Cephalopods 
more  closdy  allied  to  the  genus  Endoceras,  than  to  any  other 
group  of  that  -class. 

They  differ  greatly  from  all  the  Tetrabranchiates,  in  the  open 
structure  of  the  partitions  or  septa  between  the  chambers,  and 
this  character,  together  with  the  absence  of  a  siphon,  and  the 
cone^like  form  of  the  septa,  demands  that  they  should  be  sepa- 
rated as  a  distinct  order,  for  which  I  propose  the  name  of  Geri- 
olites/  Although  distinct  as  an  order  because  of  the  differences 
in  the  form  and  structure  of  the  septa,  arising  from  their  great 
length,  and  the.loose  way  in  which  the  laminae  are  arranged,  the 
parts  may  ^  compared  point  for  point  wkh  similar  parts  of  En- 
doceras. 

We  may  imagine  4)he  cone-like  septa  of  a  Beatricean  to  be 
spread  apart,  until  their  surfaces  should  be  parallel  throughout 
tne  shdl;   tiiey  would  then  be  entirely  separated  by  hollow 

*  Woodward.  Hippnritidss.  Quar.  Jour.  Geol  Soc.^,  I/mdoD.  y.  If,  part  1, 
paffe4l. 

*  Woodward.    Qaar.  Jour.  Geol.  Soc,  p.  46. 

*  ocfjpwPt  ^  boneyoomb,  luOos,  a  it0D«. 
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chambers,  as  the  septa  are  in  Endoceras,  and  if,  at  the  same  time, 
the  central  cup-like  cavities  were  supposed  to  be  prolonged  into 
cones,  we  should,  without  violence  to  the  typical  idea  of  the  or- 
ganization, have  transformed  the  Beatricea  into  a  shell  separable 
m)m  the  Endoceras  by  only  one  character,  the  vesicularity  of  the 
septa. 

The  analogies  which  the  Beatrice®  have  with  plants  in  their 
genera]  aspect,  vrith  Badiates  in  their  internal  vesicular  struc- 
ture, and  with  Hippurites  in  the  arrangement  of  the  parts,  are 
so  close  as  to  entirely  bury,  as  it  were,  their  true  affinity  with 
Cephalopoda,  which  only  becomes  obvious  after  diligent  com- 
parisons. 

This  complex  nature  establishes  the  Geriolite  as  one  of  those 
strange  typ^  that  not  only  combines,  as  does  the  "  Phoronis  hip- 
pocrepia,  the  Annelidan  homomorph  of  the  Hippocrepian  Poly- 
zoa,"  the  characteristic  features  of  other  groups  belonging  to 
different  branches  of  the  animal  kingdom,  but  also  of  groups 
in  other  classes  within  its  own  sub-kingdom. 

All  these  analogical  relations  are,  so  to  speak,  retrospective ; 
they  refer  to  lower  ranks  of  life  than  the  one  in  which  Beatricea 
itself  is  found. 

There  still  remains  a  question  which  I  have  not  been  able  to 
solve  in  a  satisfectory  manner  with  the  specimens  at  my  com- 
mand. Are  the  Beatricess  internal  or  external  shells?  This 
problem,  so  difficult  to  settle  conclusively  with  regard  to  the 
Orthoceratites,  is  equally  puzzling  in  the  structure  of  Beatricese. 
Their  extreme  length,  cellular  structure,  and  the  irregularity 
of  the  ornamentation,  would  be  almost  determinative  in  fevor 
•of  their  being  internal  shells,  were  it  not  for  the  aspect  of  the 
cost  of  the  animal  in  the  terminal  chamber  of  the  specimen 
from  English  Head,  which  proves  that  a  large  portion,  if  not  the 
whole  of  the  body,  was  contained  within  the  flhell. 

If,  however,  upon  further  examination,  they  should  prove  to 
be  internal,  which  I  consider  doubtful,  the  cycle  of  their  ana- 
logical characteristics  would  be  completed,  and  they  would  refer 
not  only  to  lower  types,  but  have  certain  features  in  common 
with  the  more  highly  organized  dibranchiate  Cephalopods. 

There  are  but  two  known  species  of  the  order  Ceriolites,  both 
occurring  in  the  Silurian  strata  of  Anticosti.* 

Mr.  Billings,  in  describing  the  species,  states  that  they  differ 
only  in  the  external  ornaments  or  markings.' 

*  AUman's  fresh- water  Polyzoa.    Ray  Soo,  1856,  p.  66. 

*  Since  writing  the  aboye  I  hare  been  indebted  to  Prof.  J.  D.  Dana  for  the  loan 
of  some  fragments  of  a  Beatricea,  resembling  B,  undulata^  from  Kentucky.  The  re- 
vioteness  of  this  locality  affords  gronnd  for  hoping;  that  the  remains  of  other  species 
tnay  be  brought  to  light  in  some  of  the  intermediate  Silurian  bar'~~ 

'^  BUlings's  Report,  Caaada  Geol.  Surrey.     1858-66.  p.  848. 
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He,  however,  probably  did  not  possess  so  fino  a  series  of 
natural  sections  as  it  was  our  good  fortune  to  collect,  or  he  would 
have  discovered  the  very  considerable  differences  which  exist  in 
their  internal  structure,  by  which  they  may  be  as  readily  distin- 
guished as  by  the  external  characters.  I  think,  therefore,  it  may 
not  be  amiss  to  redescribe  the  species,  giving  such  peculiarities 
as  have  not  already  been  mentioned. 

Obder  CEBIOUTES,  Hyatt. 

Family  CKRIOLID-^  Hyatt 

Genus  Beatricea,  Billings. 

Beairicea  nodulosa^  Billings,  is  a  long  cone,  tapering  very  grad- 
ually, the  central  chambers  occupying  from  a  fourth  to  a  third 
of  the  transverse  diameter  in  adults;  in  the  young  they  are 
larger  proportionally,  varying  from  one-half  to  two-thirds  of 
the  breadth  of  the  whole  shell.  The  coniform  layers  are  nearly 
parallel ;  the  inclination  at  the  lower  part,  as  they  trend  outward 
to  the  circumference,  being  decreased  very  slowly.  The  external 
shell  is  closely  set  with  tubercles  and  covered  with  granular 
points.  The  size,  as  nearly  as  could  be  inferred  from  fragments, 
IS  not  over  four  feet  long,  by  from  three  to  five  inches  in  diam- 
eter at  the  larger  end. 

B.  undulata  is  a  much  larger  species,  one  fragment  found  by 
the  expedition  being  thirteen  ana  a  half  feet  lon^,  by  eight  and 
a  half  inches  in  diameter  at  the  larger  end,  and  judging  by  the 
inclination  of  the  sides,  the  length  of  the  entire  shell,  when 
living,  was  certainly  not  less  than  twenty  feet.  The  chambers 
are  very  small,  frequently  in  adults  not  occupying  more  than 
one-tenth  of  the  transverse  diameter.  The  coniform  layers  are 
more  widely  separated  in  the  adults  than  in  the  young ;  their 
inclination  as  they  trend  outward  to  the  periphery  is  more  de- 
cided, and  they  nowhere  assume  the  parallel  appearance  of  the 
same  parts  in  Beatricea  nodulosa. 

The  exterior  is  granulated  and  ornamented  by  ten  or  more 
prominent  longitudinal  ridges  and  intervening  broad,  shallow 
channels. 

Gftmbridge,  Mast^  Dec  6, 1864.    (Resideneei  Baltimore,  Md.) 
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Abt.  XXXIl—The  Albert  Coal,  or  AlbertUe,  of  New  Brunswick; 
by  Chablks  H.  Hitchcock. 

The  nature  of  the  Albert  coal  and  the  mode  of  its  occurrence 
in  the  strata  have  been  vexed  questions  in  geology.  Its  beau- 
tiful appearance  attracts  the  eye,  while  its  pecuniary  value  gave 
rise  to  the  litigation  which  occasioned  the  delivery  of  the  diverse 
opinions.  In  this  as  in  so  many  other  difficult  subjects  time  has 
developed  much  truth;  and  shown  us  that  we  must  not  insist  too 
strongly  upon  seemingly  well-established  theories. 

In  this  communication  I  propose  to  describe  briefly  the  geo- 
logical features  of  the  Albert  coal  vein  and  the  accompanying 
rocks.  I  shall,  whenever  necessary,  refer  to  the  facts  observed 
by  others  in  this  locality,  but  rely  chiefly  upon  my  own  observa- 
tions made  in  1861  and  1864,  as  well  as  upon  hints  derived  from 
persons  of  intelligence  living  in  the  vicinity.  For  a  knowledge 
of  many  facts  relating  to  the  distribution  of  the  different  strata, 
I  am  indebted  to  Mr.  James  Blight,  of  Hillsborough,  N.  B.  It 
is  necessary  to  be  dependent  upon  others  for  some  knowledge  of 
the  internal  structure  of  the  Albert  Mine,  because  the  Company 
will  not  allow  anv  scientists  to  examine  their  property  below  the 
surface.  I  use  the  word  coal  as  a  matter  of  convenience,  not 
necessarily  in  strict  propriety. 

There  are  four  different  mining  properties  in  Hillsborough, 
situated  upon  veins  of  Albertite : — the  Albert,  (the  only  one 
worked  extensively  and  thoroughly  proved),  the  East  Albert,  the 
Prince  of  Wales,  and  the  Princess  Alexandra.  The  second  lies 
east  of  the  first,  and  the  others  north  and  south  of  the  same* 
Hillsborough  is  situated  upon  the  west  bank  of  the  Petitcodiac 
river,  near  its  confluence  with  the  Bay  of  Fundy. 

The  rocks  are  of  Lower  Carboniferous  age,  and  belong  to  the 
Acadian  coal  series.  Several  species  of  Palceontscus,  Lipidoden* 
dron,  LevidosirobuSj  SphercBdra,  and  Stigmaria  occur  in  the  shales 
and  sanostones.  Two  or  three  miles  southwest  from  the  Albert 
shaft  there  appear  older  crystalline  rocks,  such  as  syenite  and 
metamorphic  slates;  constituting  the  easternmost  point  of  the 
extension  of  these  rocks  from  the  vicinity  of  St.  John.  The 
lowest  rock  in  the  Carboniferous  series  is  the  Albert  shale ;  but 
I  cannot  state  whether  it  crops  out  near  the  syenite.  It  probably 
does  not  appear  anywhere  on  the  edges  of  the  coal  basin.  Noth- 
ing similar  to  it  occurs  in  the  Joggins'  section.  It  should  be  ex- 
pected to  occur  near  and  below  the  numerous  deposits  of  gyp- 
sum in  the  eastern  provinces. 

This  shale  contams  a  large  amount  of  hydro-carbonaceous 
matter.  Certain  layers  of  it  at  the  "  Caledonia  Oil  Works,'|  by 
a  rude  process,  have  yielded  thirty  gallons  of  refined  illuminat- 
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ing  oil  to  the  ton.  The  greater  portion  of  the  shale  will  sus- 
tain a  fire  without  the  aid  of  other  fuel.  Other  layers  are  more 
bony,  and  others  still  highly  ferruginous.  It  contains  immense 
numbers  of  fossil  fish,  almost  enough  to  make  one  imagine  they 
gave  the  shale  its  inflammable  character.  The  surfaces  of  many 
layers  are  glazed.  The  rock  is  very  weak  and  abounds  in  small 
contortions  of  the  strata.  It  appears  in  three  localities.  The 
largest  has  the  Albert  shaft  in  its  centre ;  being  exposed  a  mile 
or  so  in  length,  and  showing  best  in  lihe  low  ground.  Small 
j)atches  of  shale  may  be  seen  on  Peck's  and  Stinking  Creeks,  be- 
sides an  unknown  amount  farther  west  at  the  oil-worka  This 
series  cannot  be  less  than  one  thousand  feet  thick,  as  it  has  not 
yet  been  cut  through  by  the  shaft,  and?  the  general  inclination  of 
the  bedding  is  very  small. 

The  second  group  of  strata  is  a  conglomerate,  separated  from 
the  first  by  a  narrow  bed  of  sandstone.  Bits  of  Albert  coal  and 
shale  constitute  component  parts  of  certain  coarse  sedimentary 
strata  of  this  group,  and  render  them  oleaginous.  The  thickness 
is  unknown,  probably  from  100  to  200  feet.  Between  the  Albert 
shaft  and  the  Petitcodiac,  firom  three  to  four  miles,  this  group 

Prevails  at  the  surlkce,  except  it  be  a  small  area  of  shale  in  a 
eep  valley. 

The  next  layers  in  ascending  order  are  red  marl  and  a  bluish 
gray  siliceous  limestone.  Above  these  are  immense  deposits  of 
gypsum,  from  which  most  excellent  plaster-of-paris  is  made  for 
exportation.  The  highest  rock  in  the  series  in  tnis  vicinity  is  an- 
other great  mass  of  reddish  conglomerate  and  sandstone. 

There  appears  to  be  an  anticlinal  axis  passing  through  this  re- 
^on,  trendmg  nearly  ten  degrees  north  of  east.  I  have  tra(^ 
it  from  the  Albert  shaft  to  the  Petitcodiac  river,  and  have  reason 
to  believe  it  extends  much  farther,  both  west  and  east.  The  an- 
ticlinal structure  is  shown  in  three  ways.  First^  the  testimony 
is  unanimous  that  there  is  an  anticlinal  in  the  Albert  Mine. 
Second,  the  conglomerate  dips  in  opposite  directions  in  seven 
equi-distant  localities  examined  over  this  area,  but  the  dip  is 
small.  Third,  the  rocks  succeed  one  another  on  both  sides  of 
the  supposed  anticlinal  line  in  the  ascending  order  mentioned 
above.  On  the  north,  we  find  above  the  shale,  conglomerate,  red 
marl,  limestone,  gypsum  and  sandstone.  On  the  south,  the  order 
is  the  same  with  an  opposite  dip. 

There  appears  to  be  a  fault  along  or  near  this  axis,  displaying 
the  usual  pnenomena  of  anticlinal  fissures,  and  its  location  may 
easily  be  accounted  for.  The  great  plicating  force  acting  from 
the  direction  of  the  ocean  crowded  the  Hillsborough  rocks  north- 
westerly from  the  Bay  of  Fundy,  crushing  them  up  into  a  fold. 
The  nbale  was  not  strong  enough  to  sustain  the  bending;  hence 
its  layers  were  much  twisted  and  fissured  along  a  central  line. 
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It  is  not  likely  that  any  of  the  shale  rose  above  the  surface  at 
the  time  of  flexure ;  aud  now  that  a  portion  of  it  has  been  laid 
bare  by  the  removal  of  the  upper  rocks,  the  fissure  and  contor- 
tions show  more  plainly  than  in  the  overlying  tough  conglome- 
rate to  the  east,  which  being  narrower  will  naturally  contain  less  of 
any  foreign  matter  that  has  subsequently  been  injected  into  it.* 

Some  relics  of  this  great  force  are  now  perceptible  at  the 
Albert  mine,  showing  that  the  pressure  is  still  exerted,  perhaps  as 
strongly  as  at  any  time  of  its  manifestation.  This  phenomenon  is 
much  more'noticeable  than  the  "swellings  of  the  walls,"  so  com- 
mon in  deep  mines.  As  soon  as  the  conl  is  removed,  strong  tim- 
bers are  put  in  to  keep  open  the  drifts,  but  in  a  short  time  these 
cross-pieces  are  split  and  crushed  by  the  powerful  force  pushing 
the  walls  together.  And  when  the  timber  is  destroyed,  the  walls 
shut  in,  closing  with  a  great  noise  as  loud  as  thunder  for  hours, 
but  not  so  near  the  workmen  as  to  interfere  with  their  progress. 
Not  merely  do  the  walls  close,  but  frequently  large  fissures  are 
produced  behind  the  vein,  so  that  the  miners  can  clamber  up 
and  down  new  crevices.  Large  masses  of  rock  are  sometimes 
detached  from  either  wall,  in  consequence,  filling  up  the  drift. 
We  might  explain  the  falling  of  fragments  by  gravity,  but  not 
so  easily  the  crushing  of  the  timbers. 

The  coal  shows  the  effects  of  the  crushing  process  no  less 
plainly.  It  is  much  broken,  even  to  grains,  and  needs  no  pick 
for  its  removal  from  the  vein.  It  will  flow  as  easily  as  heaps  of 
com,  and  therefore  pains  are  taken  to  tap  the  vein  in  the  right 
place,  and  at  the  proper  time.  If  by  oversight  the  main  shaft  is 
not  walled  up  very  tight,  the  coal  will  stream  through  the  crevices 
between  the  beams,  to  the  great  inconvenience  of  the  workmen. 

The  first  outcrop  of  Albert  coal  was  discovered  by  John  Duffy, 
fifteen  or  sixteen  years  ago,  in  a  deep  ravine  on  Frederick's  brook. 
The  vein  was  about  four  feet  wiae,  but  by  working  upwards 
twenty-five  feet  into  the  bank,  it  thinned  out  to  two  or  three 
inches.  Duflfy  drifted  about  300  feet  on  the  course  of  the  vein 
above  the  water-level,  and  sunk  a  shaft  sixty  feet,  where  the 
coal  is  said  to  have  attained  a  width  of  ten  feet.  He  then  dis- 
posed of  the  property  to  Cairns,  Allison  &  Co.,  who  held  it  at  the 
time  of  the  litigation,  but  have  now  mostly  transferred  their 
shares  to  other  parties,  holding  them  under  the  same  charter. 

To  describe  the  numerous  variations  in  the  course,  thickness 
and  shifts  in  the  Albert  workings,  so  far  as  known,  would  be 
unnecessarily  tedious.    Percival  describes  them  for  the  first  200 

^  The  fact  of  the  existence  of  the  coal  in  a  vein  occupying  an  anticlinal  disloca- 
tion "Was  maintained  by  Messrs.  Robb  and  R.  0.  Taylor  in  their  Joint  Report  upon 
the  Albert  Mine  in  1851.  See  Proe.  Am,  Phil.  8oc.,  vol.  t,  p.  242.  Their  report 
was  Bocompanied  bj  chemical  analyses  hj  Dr.  0.  At.  WetheriU,  who  made  Um  ma- 
terial a  yariety  of  asphaltum  and  named  it  tnelan-afphtUt. 

Am.  Joub.  Scl^Sscond  Sbsibs,  Vol.  XXXIX ,  Na  HT.^MaTi  1865. 
35 
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or  300  feet  of  the  descent,  occupying  more  than  three  pages  of 
the  size  of  this  Journal  in  a  little  more  than  catalogue  style  of 
enumeration,  I  am  assured  by  the  manager,  Capt.  Byers,  that^ 
from  that  depth  to  the  bottom  of  the  shaft,  950  feet,  the  character 
of  the  irregularities  has  not  changed.  In  brief,  the  peculiarities 
of  the  mine  are  the  following. 

The  general  course  of  the  vein  is  N.  65°  E.,  but  the  coal  is 
repeatedly  heaved  southward  by  small  faults.  Its  inclination  is 
northwestward  from  75°  to  80°,  often  vertical.  The  body  of  the 
vein  is  extremely  irregular,  constantly  expanding  and  contract- 
ing, both  laterally  and  vertically.  What  is  too  narrow  to  be 
worked  in  one  level  enlarges  to  six  and  twelve  feet,  a  hundred 
feet  lower,  or  the  reverse ;  but  in  general  ibe  width  increases  in 
following  down  the  vein.  At  the  time  of  PercivaFs  examination, 
the  vein  was  not  considered  workable  170  feet  west  from  the  old 
shaft.  At  lower  levels  the  yield  is  renumerative  700  feet  west 
and  2300  feet  east  of  the  new  shaft,  which  lies  several  rods  west 
of  the  first.  In  consequence  of  the  uncertainties  in  the  char- 
acter of  tho  vein,  it  is  found  necessary  to  accumulate  a  large 
supply  of  the  coal  during  the  suspension  of  navigation,  so  that 
there  will  always  be  enough  stock  on  hand  in  the  warmer  months 
to  load  the  vessels  without  delay.  Whenever  a  displacement  is 
met  with  the  vein  is  not  lost,  because  a  film  of  the  coal  remains 
in  the  slip  to  indicate  the  location  of  the  heaved  portion.  The 
widest  part  of  the  vein  is  said  to  be  twenty-eight  feet 

The  narrow  portions  of  the  coal  are  invariably  contained  in  a 
harder  rock ;  where  the  rock  is  softer  the  vein  is  larger.  "  Horses" 
are  common.  In  such  cases  the  cavity  above,  out  of  which  the 
horse  fell,  is  found  lo  be  filled  with  coal ;  so  that  the  width  of 
the  coal  at  that  level  is  equal  to  the  usual  width  plus  the  width 
of  the  horse.  Numerous  small  branches  run  off  into  the  shales 
from  the  main  vein.  These  are  short  and  might  be  described  as 
irregular  and  branching  spines  from  a  main  stem.  Many  of  the 
fragments  of  rock  taken  from  the  mine  show  these  smsJl  injec- 
tions. The  most  striking  proof  of  the  proper  character  of  the 
mass  is  afforded  by  the  edges  of  the  strata  in  contact  with  the 
coal ;  they  are  coated  with  Albertite,  while  the  surfaces  are  cov- 
ered only  when  enclosing  one  of  the  small  lateral  branches,  a 
few  inches  long. 

With  the  facts  now  presenting  themselves  to  the  explorer,  I 
think  no  one  would  call  the  Albertite  mass  a  bed.  It  occupies 
an  irregular  fissure  along  an  anticlinal  line,  and  the  deep  work- 
ings have  failed  to  develop  the  lower  anticlinal  branching  of  the 
coal  anticipated  by  the  advocates  of  the  bed  theory.  The  nu- 
merous branches  are  unlike  any  phenomena  connected  with 
beds.  There  is  no  fire-clay  to  form  the  floor  of  a  bed ;  and,  in 
addition,  the  common  adherence  of  the  coal  to  the  edges  of  the 
strata,  rather  than  slickensides — I  do  not  mean  those  in  the  hori- 
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Eontal  slips — seems  to  complete  the  evidence  that  the  coal  does 
not  occur  between  stratified  planes.  To  disclaim  a  bedded  char- 
acter casts  no  reflections  upon  the  observations  of  the  distin- 
guished geologists  who  have  decided  otherwise ;  because  thej 
started  with  erroneous  premises.  To  them  the  idea  of  coal  in  a 
vein  was  preposterous.  It  appeared  as  great  an  anomaly  as  it 
would  be  now  to  find  Niagara  fossils  in  the  Potsdam  group. 

The  vein-character  of  the  deposit  is  seen  more  distinctly  in 
the  smaller  openings.  On  the  East  Albert  property  two  shafts 
have  been  commenced  near  the  anticlinal  line  in  the  conglomer- 
ate over  the  shale.  These  reveal,  at  the  depth  of  thirty  feet, 
nearly  six  inches  width  of  a  richer  and  more  beautiful  coid  than 
the  Albert,  gradually  thinning  out  to  the  width  of  coarse  paper 
at  the  surface,  and  most  unequivocally  cutting  vertically  across 
nearly  horizontal  layers  of  sandstone.  As  before,  we  have  here 
the  phenomena  of  shifts  constantly  working  the  vein  southward, 
and  a  slight  leaning  in  the  same  direction.  Following  the  line 
to  the  Petitcodiac,  there  are  seen  other  openings  upon  the  vein  of 
less  extent 

The  two  veins  crossing  the  anticlinal  are  very  interesting. 
Upon  parallel  lines  about  a  mile  apart,  their  course  is  N.E.  and 
S.  W.  One  appears  to  intersect  the  principal  vein  very  near  the 
Albert  shaft.  The  intersection  of  tne  other  is  concealed  by  a 
great  depth  of  alluvium.  It  cannot  be  said  that  the  coal  is  likely 
to  prove  more  abundant  at  these  intersections,  as  is  the  case  at 
the  union  of  metallic  lodes,  yet  the  similarity  of  the  two  classes 
of  veins  is  such  as  to  warrant  the  exploration. 

These  two  side  veins  cut  the  strata  nearly  at  right  angles  to 
the  dip.  The  following  is  in  general  their  nature,  as  observed 
in  half  a  dozen  openings.  The  conglomerate  with  a  gentle  dip 
is  traversed  by  vertical  joints,  two  of  which  parallel  to  eacn 
other,  and  from  two  to  seven  feet  apart,  are  fillea  with  threads  of 
Albertite,  occasionally  enlarging  to  bunches  an  inch  thick.  Be- 
tween them  are  branching  threads  of  the  same  material,  joining 
the  lateral  seams  at  various  angles.  I  think  there  are.no 
branches  upon  the  outside  walls.  The  whole  field  reminds  one 
of  an  area  of  tin  veins.  Like  the  others,  this  vein-field  leans 
slightly  southward.  It  will  be  interesting  to  watch  the  develop- 
ment of  these  veins  to  see  whether  they  will  develop  like  the 
Albert.  Their  persistency  and  ability  to  cut  through  the  strata 
render  them  worthy  of  attention.  But  no  one  ought  to  expect 
to  discover  a  large  vein  till  the  threads  have  been  followed  down 
to  the  subjacent  shale.  The  surface  at  the  Albert  mine  is  more 
than  a  hundred  feet  lower  geologically  than  the  bottom  of  the 
Blast  Albert  shaft  where  the  coal  is  nearly  six  inches  wide. 

I  think  the  following  conclusions  may  be  drawn  legitimately 
from  the  foregoing  and  kindred  facts. 
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1.  The  Albert  coal  occurs  in  true  cutting  veins,  not  in  sedimentary 
beds  like  ordinary  coal, 

2.  The  Albert  coal  was  originally  in  a  liquid  state,  was  injected 
into  vertical  fissures,  and  subsequently  hardened  into  a  substance  re* 
sembUngjet.  The  liquid  may  have  been  derived  from  vegetable 
accumulations,  or  possibly  in  part  from  the  abundant  ichthyio 
remains  in  the  shales.  Whether  the  shales  were  originally  oiljr, 
as  now,  and  the  fissures  subsequently  filled  with  a  viscid  fluid 
derived  from  them,  or  whether  the  charging  of  the  fissures  im- 
parted an  inflammable  character  to  the  rock,  I  will  not  conjecture, 
though  it  is  easy  to  satisfy  one's  own  mind.  The  cavities  of  the 
Albert  coal  occasionally  hold  liquid  petroleum,  and  those  in  the 
adjacent  shales  more  often.  A  few  quarts  of  petroleum  have 
been  brought  up  from  borings  along  the  line  of  both  the  Albertite 
veins  on  the  east  side  of  the  Petitcodiac.  With  the  hardening, 
the  hydro-carbonaceous  liquid  received  oxygen  into  its  compo- 
sition. 

8.  The  Albert  coal  must  be  compared  with  the  asphaltic  and  bitu- 
minous veins  found  in  the  Quebec  group  in  Canada.  It  there  "fills 
veins  and  fissures  in  the  limestones,  shales,  sandstones,  and  even 
in  the  trap  rocks  which  traverse  these."  "  In  other  cases,  it  fills 
fissures  several  inches  in  diameter,  so  that  it  has  been  mistaken 
for  coal,  and  attempts  have  been  made  to  work  it  at  Quebec  and 
elsewhere.  The  mineral  is  never,  however,  in  true  beds  like 
coiil,  but  is  always  confined  to  veins  and  fissures  which  cut  the 
strata."  "  The  matter  is  of  a  shining  black  color,  very  brittle, 
breaking  into  irregular  fragments  with  a  conchoidal  fracture." 
{Geol  Canada,)  The  Quebec  coal  is  like  the  Albert  in  the  small 
amount  of  the  ashes,  but  contains  more  carbon. 

4.  These  carbonaceous  veins  are  analogous  to  veins  of  petroleum. 
The  borings  for  petroleum  in  Ohio  and  Western  Virginia  are  most 
successful  along  lines  of  fracture,  particularly  an  anticlinal  axis. 
The  description  of  the  chasm  fillea  with  oil  would  undoubtedly 
be  given  in  words  similar  to  those  used  respecting  the  Albert 
veip,  if  we  could  sink  shafts  and  drive  on  the  course.  The  views 
of  Prof.  Andrews  in  this  Journal,  ([2]  xxxii,  85,)  respecting  the 
location  of  petroleum,  are  very  just,  and  show  that  it  often  occurs 
along  anticlinal  faults.  The  immense  yield  of  many  oil-wells 
certainly  suggests  the  presence  of  more  tnan  the  "  horse-cavities" 
filled  with  the  liquid.* 

6.  The  carbonaceous  veins,  such  as  the  Albert  coal,  Canadian 
asphalt  and  liquid  petroleum,  while  possessing  many  character- 
istics of  metallic  loaes,  will  be  found  to  differ  from  them  in  some 

"  A  valuable  paper,  by  T.  S.  Hunt,  in  thit  Journal,  [«]  xxxv,  157,  18«8,  upoa 
Bitumens,  etc.,  presents  the  general  conclusions  stated  abo^e.  His  data  were  derired 
^th  from  analysis  of  mineral  combustibles  and  ezploratioBS  in  petroleum  districts. 

Sir  William  Logan  mentions  the  occurrence  of  petroleum  spring  for  twenty 
cofiles  along  a  fold  in  the  stratification  in  Gasp^  in  1844.  J.  P.  Lesley  has  describea 
« 'vertical  yeU  of  asphaltic  coal,  precisely  like  the  Albert,  in  Ritchie  Co.,  W.  Va. 
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respects.  These  particulars  will  be  ascertained  fully  by  the  im- 
mense enterprise  now  manifested  in  sinking  for  petroleum.  We 
can  anticipate  diflFerences  in  respect  to  the  limited  depth,  little 
variations  of  thickness  at  intersections,  irregular  yield,  and  ori- 
gin of  the  carbonaceous  veins.  A  proper  knowledge  of  them 
may  lead  to  some  modification  of  terms  in  our  definitions. 

87  Park  Row,  New  York,  Jan.  28, 1866. 


Art.  XXXin. — Detection  of  the  adulteration  of  Essential  Oils 
ivith  Oil  of  Turpentine  by  the  Saccharimeter ;  by  Dr.  JULIUS 
Maier,  Assistant  in  the  School  of  Mines,  Columbia  Coll.,  N.  Y. 

The  essential  oils,  especially  the  expensive  ones,  are  mostly 
adulterated  with  oil  of  turpentine.  It  is  often  difficult  to  detect 
this  adulteration,  especially  when  the  adulterated  oil  gives  simi- 
lar reactions  with  oil  of  turpentine. 

With  the  saccharimeter  it  is  possible  not  onlv  to  detect  the 
adulteration  but  even  to  find  out  the  quantity  of  oil  of  turpen- 
tine mixed  with  the  other  essential  oils,  A  large  number  of  oils, 
particularly  those  belonging  to  the  camphenes,  the  carbon  of 
which  is  in  the  proportion  of  5  to  8  to  their  hydrogen,  have  an 
action  on  the  polarized  light,  deviating  the  light  either  to  the 
right  or  the  left  hand  side.  These  optical  researches  have  been 
made  by  Biot,  Soubeiran,  Capitaine,  Gladstone  and  Berthelot,  in 
order  to  establish  the  constitution  of  the  camphenes.  I  made 
some  researches  to  detect  the  adulteration  of  the  eAential  oil 
with  the  oil  of  turpentine. 

For  that  purpose,  a  chemically  pure  oil  of  lemon  which  I  had 
prepared  myself,  was  tested  in  a  saccharimeter,  the  tube  of  which 
was  200"™  long. 

The  deviation  was  -f  137°-296  for  the  middle  yellow  ray.  The 
oil  of  turpentine,  used  for  the  research,  prepared  by  myself,  had 
a  specific  gravity  of  0*865  and  gave  a  deviation  of  —  73°185. 
A  mixture  of  equal  volumes  of  DOth  these  oils  showed  a  devia- 
tion of  +30°-65.  The  calculation  gives  a  deviation  of  -h32°-081 
in  the  following  manner : 

^  vol.  oil  of  lemon  =  +  68-648 

\  vol.  oil  of  turpentine  =  —  36-567 

1  vol.  mixture  =z  +32°081 

A  mixture  of  2  vol.  oil  of  lemon  with  one  vol.  oil  of  turpen- 
tine gave  a  deviation  of  -f-65°-34;  from  the  calculation  results  a 
deviation  of  -f-67°'152,  as  follows: 

f  vol.  oil  of  lemon        =  +91*'-631 
\  vol.  oil  of  turpentine  =  —  24'*-879 

1  vol.  mixture  =+67^-162 
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I  made  the  same  researches  with  pure  oil  of  juniper,  which  I 
had  prepared  myself,  and  arrived  at  the  following  results: 

The  oil  used  for  the  experiment  had  a  specific  gravity  of 
0-868  and  showed  a  deviation  of  —  5°-970.  The  oil  of  turpen- 
tine employed  was  the  same  as  in  the  above  mentioned  experi- 
ment A  mixture  of  equal  volumes  of  oil  of  juniper  and  oil  of 
turpentine  showed  a  deviation  of  — 40°'84;  the  calculation  gives 
a  deviation  of  —  39°'553  as  follows: 

i  vol.  oil  of  juniper      =—  2^*985 

i  vol.  oil  of  turpentine  =  — 86^-668 

■  * 

1  vol.  mixture  =— 39°-653 

From  this  it  is  proved  that  the  quantity  of  the  adulterating 
oil  of  turpentine  can  be  detected  through  the  medium  of  the 
saccharimeter.  But  if  the  essential  oil  is  adulterated  not  onlv 
with  oil  of  turpentine  but  also  with  another  optically  active  oil, 
the  saccharimeter  test  is  of  no  value.  In  order  to  find  out  the 
quantity  of  the  adulterating  oil  of  turpentine  from  the  deviation 
showed  by  the  oil  of  turpentine,  by  the  adulterated  oil,  and  by 
the  mixture,  the  numbers  of  deviation  have  to  be  brought  in 
reference  to  a  common  distinct  starting  point  This  starting 
point  generally  is  the  power  of  rotation,  that  is  the  deviation  of 
the  respective  oil  as  calculated  for  a  tube  of  100™™  length,  and  a 
specific  gravity  of  1.  This  power  of  rotation,  the  worth  of  which 
is  generally  expressed  by  [x  ],  is  the  following  for : 

=-.42*»-276. 


=+80*»-67». 
=  -   S*-479. 


Oil  of  turpentine  [  oc 
Oil  of  lemon  oc^ 

Oil  of  juniper       '  a 

The  quantity  of  oil  of  turpentine  employed  for  the  adultera- 
tion, is  calculated  as  follows : 

a  the  power  of  rotation  of  the  pure  oil. 
b  "        "      "        "       "    "   oil  of  turpentine. 
€  "        "      "        "       "    "   mixture. 
m  "    quantity  "    «        " 

a:  "        "  "    "   adulterating  oil  of  turpentine. 

The  quantitv  of  the  pure  oil  as  contained  in  the  mixture  is 
=m'-a^  and  tne  power  of  rotation  of  this  quantity  is  =(m— a;)a; 
the  power  of  rotation  of  the  oil  of  turpentine  =— Jx,  and  the 
power  of  rotation  of  the  whole  quantity  of  mixture  =m  c ; 
hence  results  the  following  equation : 

(m— a;)a— 6a;L=mc 
ma-^ax-^hzz^mc 
m  a— m  c=a  ar+6  x 

a+b 
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To  show  this  calcolatioii  by  an  example,  the  power  of  rotation 
is  supposed  to  be— 

of  the  pure  oil  of  lemon  =  +  80*^-573 
"  "  "  "  turpentine  =  —  40^-276 
"    "    mixture  =-t-18*»-70 

the  quantity  of  tlje  mixture  =:  20  c.  cm. 

(20««)  80-678— 40-276«       =:20X  18-70 
7611-46— 80-673ar—70-275a;=  374 

1237-46=  122-84ar 
100    =x. 

The  mixture  contains  equal  parts  of  the  pure  oil  and  the  adul- 
terating oil  of  turpentine. 

Optical  beliavior  of  several  essential  oils. 


Tested  oil. 

Specific 
gmvitj. 

P(»wer  of 
rotation. 

Observer. 

Oil  of  absiuth, 

0-973 

+  20°-67 

" 

Oil  of  orange  blossoms, 

Soubeiran 

first  product, 

0-835 

+127^43 

.        & 

Oil  of  orange  blossoms, 

Capiuine. 

second  product, 

0-837 

+125*»-59 

Oil  of  bergamot, 

0-850(?) 

4-  29**-28 

Biot 

Oil  of  bergamot,  first 

product. 

0-860 

+  49**-896 

Soubeiran 
Capitaine. 

Oil   of  bergamot,  last 

product, 

0-877 

-     6*^573 

Oil  of  caraway  seed^ 

0-897 

-  ll**-7 

Maier. 

Oil  of  lemon, 

0-848 

+  80**-484 

Biot 

Oil  of  lemon. 

0*852 

+  80^-573 

Maier. 

Oil  of  lemon,  (Grasse,) 

first  product, 

0-844 

+  79**-749 

Oil  of  lemon,  (Grasse,) 

last  product, 

0-853 

+  78^156 

Oil  of  lemon,  rectified, 
Oil  of  copaiva  balsam, 

0-854 
0-881 

+  80**-916 
-   34*'- 18 

Soubeiran 

and 
Capitaine. 

Oil  of  copaira  balsam, 
(Farm) 

0-898 

-  28**-553 

Oil  of  cubebs, 

0-929 

-   40**-159 

Oil  of  cubebe,  free  from 

water. 

0-914 

-    39^-40 

Oil  of  elemi, 

0-852 

-   90*'-30 

Deyille. 

Oil  of  juniper^ 

0-855 

-     3**-521 

Soubeiran  &  Capitaine. 

Oil  of  juniper, 

0-858 

—     3*'-479 

Maier. 

Oil  of  turpentine, 

0-8722(?) 

-  39^-950 

Biot 

Oil  of  turpentine, 

0-860 

*   43**-38 

Soubeiran  &  Capitaine. 

Oil  of  turpentine, 

0-865 

-  42^-25 

Maier. 

Gladstone  (Chem.  Soc.  Jour.,  [2],  ii,  1,)  has  given  a  more  com- 
plete table  on  the  power  of  rotation  of  most  of  the  essential  oils. 
My  researches  were  restricted  to  the  few  above  mentioned. 


Digitized  by  VjOOQ IC 


276  G.  Hinrichs  on  Planetology. 


Art.  XXXI V. — Introduction  to  Hie  Mathematical  Principles  of  the 
Nebular  Theory,  or  Planetology  ;  by  GusTAVUS  HiNRlCHS,  Pro- 
fessor of  Physics  and  Chemistry,  Iowa  State  University. 

(Concluded  from  p.  150.) 
§  14.  The  Lunar  Distances. 

As  Kepler's  third  law  was  deduced  from  the  planetary  orbits 
alone,  so  was  the  law  of  Titius.  But  it  was  shown  to  be  a  con- 
sequence of  the  law  of  universal  gravitation,  and  therefore  itself 
universal  and  applicable  to  any  system — hence,  also  to  the  lunar 
systems.  Now  the  law  of  Titius,  as  modified  above,  has  been 
found  to  be  identical  with  the  equality  of  the  intervals  of  time  io 
the  history  of  any  system.  Therefore,  also,  this  law  (38)  must 
apply  to  the  lunar  systems.    This  we  now  will  show. 

A.  The  Lunar  System  of  Jupiter. 

The  Jovial  World  is  the  voungest  of  those  great  lunar  systems 
that  adorn  the  exterior  planets.  (This  Journal,  xxxvii,  p.  45.) 
Therefore,  it  is  the  most  regular  yet  of  any,  and  our  law  (38) 
must  very  closely  harmonize  with  the  actual  distances  of  Jupi- 
ter's moons.  It  is  easily  found  that  y=2,  again,  as  for  tne 
Planetary  distances;  and  that  ff=4  and  ^=3  radii  of  Jupiter, 
'hus  (38)  is  for  the  Jovial  World, 

(64) 


atz 

=4+3X2^ 

.     •    •     • 

•     •     • 

Distance. 

i. 

Calculated. 

Obeenred. 

Fall. 

Mood     I. 

0 

1 

6-040 

•951 

"       11. 

1 

10 

9-623 

•8Y7 

"      IIL 

2 

16 

16-350 

•650 

**      IV, 

3 

28 

26-998 

1-002 

The  "fall"  of  a  moon  is  the  distance  it  has  fallen  toward  the 
planet  in  Virtue  of  the  resisting  ether.  That  this  fall  corresponds 
to  the  age,  mass  and  density  of  the  different  moons  has  been 
shown  in  our  previous  article.     (This  Journal,  xxxvii,  45.) 

The  calculation  of  t  from  the  observed  distances  gives  for  the 
2d,  3d  and  4th,  respectively,  -907,  1-92,  and  2*94,  which  only 
deviate  by  '09,  '08  and  '06  from  the  theoretical  values  1,  2  and 
S ;  and  all  values  being  too  small  shows  that  these  moons  are 
correspondingly  nearer  the  primary,  having  approached  so  miuch 
on  account  of  the  etherial  resistance. 

B.  The  lunar  world  of  Saturn 
is  next  in  age,  hence  not  quite  so  regular  as  that  of  Jupiter. 
We  find  that  (38)  represents  the  distances  of  the  eight  moons  if 
the  constants  are 

a<=4+0-35X2', (65) 

as  will  be  seen  from  the  following  table : 
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Moon. 

Distanot. 
Calculated        Obserred. 

Difference. 

L  Mimas, 
II.  Enceladus, . 
IIL  Tethya, 
IV.  Dione, 

.     4-85 
4-70 
.     6-4 
.         6-8 

8-4 
4-8 
5-4 
6-8 

+•95 

+•40 

•0 

•0 

V.  Rhea,    . 

.     0-6 

9-6 

•0 

VI.  Titan, 

.       15-2 

22.2 

-7-0 

Vtl.  Hyperion, 

.   26-4 

280? 

«l-6? 

VIII.  Japetus,     . 

.      48-8 

640 

-16-2 

Excepting  for  a  moment  the  6th  and  8th  moon,  we  sqe  bat 
small  differences;  Mimas  and  Enceladus  being  too  near  Saturn, 
appear  to  have  but  very  small  mass,  which  conclusion  is  strength- 
ened by  the  fact  that  it  required  HerschePs  great  telescope  to 
discover  them  (1789).  The  next  three  almost  exactly  harmonize 
with  this  law ;  they  are,  therefore,  not  only  larger  than  the  first 
two,  but  also  much  alike.  They  were  discovered  by  Cassini, 
first  the  fifth  (Rhea)  in  1672,  and  later  (1684)  Tethys  and 
Dione.  As  the  latter  were  discovered  by  the  same  observer,  the 
difference  in  date  is,  perhaps,  alone  due  to  the  greater  nearness 
to  the  disk  of  the  primary.  Hyperion  is  even  lower  than  any, 
and,  therefore,  smaller  than  even  the  interior  ones.  This  is  con- 
firmed by  its  discovery,  which  was  not  made  till  1848,  by  Bond 
and  Lassell.  But  the  sixth.  Titan,  and  the  eighth,  Japetus,  are 
much  farther  distant  than  (65)  gives;  thus  proving  them  to  have 
much  more  considerable  mass  (or  rather  v  (37)  is  less,  which  in 
general  will  be  the  case  if  the  mass  is  greater).  This  is  fully 
confirmed  by  the  date  of  discovery :  Titan  being  the  first  dis- 
covered of  ail,  (by  Huyghens,  1655),  and  Japetus  the  second,  (by 
Cassini,  1671).  These  estimates  of  the  masses  are  further  cor- 
roborated by  Humboldt,'  who  calls  Titan  "  the  largest  of  all 
known  secondary  planets."  Compare  another  theoretical  esti- 
mate, (this  Journal,  xxxvii,  46),  leading  to  the  same  results. 

C.  The  lunar  system  of  Uranus 

is  exceedingly  important  on  account  of  the  plane  and  direction 
of  its  motions.  We  have  tried  to  show  that  this  very  position 
affords  one  of  the  most  conclusive  confirmations  of  the  nebular 
theory.  (This  Journal,  xxxvii,  50.)  Here  we  will  consider 
the  arrangement  of  the  individual  members  of  the  system. 

We  know  it  to  be  the  oldest,  because  it  is  the  most  distant 
system  of  which  we  have  definite  knowledge.  The  original  dis- 
tances and  the  original  harmony  of  these  distances  is  therefore 
here  most  deranged.  We  cannot  even  with  any  degree  of  cer- 
tainty consider  the  moons  to  be  now  in  the  same  order  of  suc- 

'  Cotmotf  i,  Harper's  edit.,  p.  95. 
Am.  Jour.  Soi.--Sbodnd  Sibiss,  Vol.  XXXIX,  No.  117.— Mat,  1865. 
36 
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cession  as  at  iirst  At  the  same  time,  observation  hns  as  yet 
hardly  determined  the  number,  much  less  the  exact  distance  of 
the  dilferent  moons..  Therefore,  we  give  the  following  more  for 
the  sake  of  completeness  than  with  the  view  of  adding  any  im- 
portant confirmations  of  our  law. 

We  have  seen  that  the  nearest  luminaries  may  be  equi-dis- 
tant,  nnd  that  the  farthest  may  succeed  at  distnnces  that  form  a 
geometrical  progression-  -see  (61)  and  (63).  If  the  distances,  as 
given  by  Herschel,  and  the  times  of  revolution,  as  given  by 
Lassell,' are  exact,  we  may  represent  the  distance  of  the  first  six 
moons  by 

01=7-5+3/, (60) 

corresponding  to  (62),  and  the  distance  of  the  sixth,  seventh  and 
eighth  by 

a,=ae.2'-». (07) 

corresponding  to  (61). 

DwUnce. 
Catculate<1 

Moon 


Catculate<l. 

Observed. 

Difference. 

I=z7-6+0X   3    =   7-6 

7-6 

•0 

11=7  5  +  1  X   3    =10-5 

10-5 

•0 

lII=7-5+2X   3    =13-5 

131 

+  •4 

IV=75+3X   8    =10-5 

17-0 

-   -6 

V— 7-5+*X  3    =l9-6 

19-8 

-   -3 

VI=7-5+5X   3    =22-6 

22-7 

-   -2 

Vn=           2X22-5=45-0 

45*5 

-   -6 

VIIIr=          4X22-5=900 

910 

-10 

If  these  observed  distances  really  are  correct,  then  this  re- 
markable discontinuity  will  enable  us  to  determine  the  lunar 
masses  long  before  observation  can  ascertain  them. 

D.  Conclusion. 

The  lunar  system  of  the  Earthy  consisting  of  but  one  moon 
and  that  of  Ntptune^  which  comprehends  one  or  two,  cannot,  or 
do  not  afibrd  any  chance  to  test  our  law.  But  we  have  seen  that 
the  systems  of  Jupiter  and  Saturn  fully  confirm  our  law  (88),  if 
due  regard  is  had  to  the  individual  mass  and  volume^-or 
density  and  radius-— of  the  several  moons.  Even  the  system  of 
Uranus,  as  far  as  known,  does  not  deviate  from  it  except  in  so 
far  as  it  offers  the  two  extreme  limits  of  the  law,  probably  on 
account  of  the  high  age  and  a  close  similarity  between  the  masses 
of  the  first  six  moons. 

Therefore  we  may  say  that  as  far  as  observation  on  the  lunar 
systems  goes  it  is  embodied  in  our  law  (38),  or  in  every  lunar 
zysUm  the  consecutive  moons  were  formed  at  equal  intervals  of  time* 

*  See  3<^iroigger  In  AatrooomleclM  Nadiricbten«  Ko.  SSS,  Beilage. 
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§  15.  Thf  incommeniurahillty  of  the  periodic  times. 

By  the  third  law  of  Kepler  we  have,  if  %  and  Ttf  are  the 
periodic  times  of  two  planets, 


orby(S8), 

Ti""i«+(?yO ^    ^ 

which  expression  will  not  generally  make  T^/  and  T<  commensur* 
able.  Thus  we  see  that  our  law  accounts  for  another  important 
condition  of  stability  of  the  system,   (see  §  8,  1). 

But  as  i\\e  distances  are  continually  decreasing,  and  at  differ- 
ent rates,  (this  Journal,  xxxvii,  41,  gives  the  numericiil  values 
of  these  rates),  we  perceive  that  tu  time  sucli  commenmrabUily 
may  take  place  between  any  two  planets.*  Such  is  actually  the 
case  between  Jupiter  and  Saturn,  as  discovered  by  Laplace. 

The  distances  were  (see  §  18)  for  Jupiter  a^  =  520,  for  Saturn 
a.  ==  1000,  giving  for  (68)  the  continued  fraction  2(1, 1,  2  .  .  ) 
having  the  approximations, 

2     3     5     13 

1'  r  2'   6    •    •    • 

or  T, :  T,  approached  originally  to  5: 2 ;  now  it  is  very  nearly  so. 
For  Venus  and  the  Earth  the  original  distances  70  and  100 
give  the  approximations, 

1     2    6     12     29 

1'  r  2'  "7'  17  •  •  • 

whilst  Airy  has  found  the  commensurability  18 : 8  or  nearly  our 
29:17  [13:8=29:  17-8]. 

In  the  lunar  systems  such  commensurability  is  common ;  and 
it  is  for  the  aatellites  of  Jupiter  that  Laplace  demonstrated^  the 
great  proposition,  if  such  commensurability  exists  but  approxima" 
lively  it  will  become  exact  in  time. 

Having  seen  that  the  change  in  distance  produced  by  resist- 
ance will  make  the  ratio  approach  commensurability,  it  therefore, 
as  we  stated  before,  will  become  rigorously  so. 

From  <68)  we  find  easily  that  the  ratio  will  be  2  if  the  dis- 
tances are  in  the  ratio  of  2'  :  1,  or  (by  continued  fractions)  as 
the  approximative  fractions, 

1     2     3     8     19     27 


*  Grant  (Hutary  of  Phyneal  Astronomy,  London,  m52,  p.  98.)  fttntet  Ihftt  th« 
librattun  of  the  jovial  moons  i«  **  independent  of  the  effuctB  fif  a  resisting  iiifdium,'* 
meaning  tliat  it  will  ho  preserved  notwitlistaiidiiig  tiuch  medium.  This  is  pmUiblv 
a  mistaJce,  fur  it  would  depend  •upon  the  relative  magnitude  of  the  resist  uice  ouU 
the  perturbation. 

*  M6c  C6L,  ToL  vUi,  CSl  u,  j  itL  We  expreaa  the  proposition  in  more  general  terms. 
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For  Jupiter's  satellites  we  have  a,  =16,  a ,  =10,  or  Cg  :  a ,  =8 : 5 ; 
and  a^  :  0^=10:  7=8:  5*6,  therefore  we  find  the  periodic  time 
of  the  second  moon  twice  that  of  the  first,  T,=  2T„  and  the 
periodic  time  of  the  third  twice  that  of  the  second,  T,=  2Ti ; 
hence  Laplace's  famous  relation  between  the  mean  motions, 
n^+2?ij=8n,. 

In  thej.  system  of  Saturn  similar  relations  obtain.  At  first  we 
had  (see  §  14,  B)  for  the  distance  of  Tethys  (III)  and  Mimas  (1) 
the  ratio  04  :  44=8  :  6*6,  while  the  duplication  of  the  periodic 
times  requires  the  ratio  8  :  5.  But  Mimas  has  approached  Saturn 
the  most,  and  thus  this  proportion  (now  5*4  :  3*4=8  :  5*04)  has 
been  brought  about. 

For  the  fourth  and  second  we  had  originally,  Dione  :  Encela- 
dus=6*8  :  4*7=8  :  5*5,  or  likewise  sufficiently  near  8  :  5  that  the 
duplication  of  the  periodic  time  should  become  almost  rigorous.* 

The  lunar  world  of  Uranus  is  particularly  noted  for  such 
duplications,  from  the  fact  that  Schweigger,  as  early  as  1814,  on 
such  grounds  predicted  the  existence  and  gave  the  orbits  of  the 
two  innermost  moons  of  Uranus,  which  were  discovered  by  Las- 
sell  in  1851.  The  coincidence  is  very  remarkable,  as  will  be 
seen  from  the  following:* 

Schweigger,  1814.      Lassell,  1851. 
Uranus,  I  moon,   -        -        .     2*1767  days,       2 '6 11 7  days. 
II  .         -         4-3684     **  41446     " 

and  the  IV  (or  II  of  Herschel)  having  a  period  of  8*7068  days 
approximates  to  the  further  duplication  of  the  periodic  times. 
Also  the  period  of  III  is  about  naif  the  IV  period,  the  former 
being  5-8926  days,  the  latter  109611. 

Taking  only  the  first  two  decimals  we  find  by  means  of  con- 
tinued fractions  the  following  approximations : 

441        1    2    3    6    28    33 
U  to  I  or    _  =  -,.,.,-,^,_,etc 

^  441""  1'    9'  10'  19'  29'  ^^ 

TT   uTTT^c    10^«        1    2    13    93    199 

V   **  ITT  "    —  _    _    tsto 

^       ^^^        689  -"1'  1'    7'  60'  107'  ""'"^ 
thus  proving  that  only  the  fourth  (Herschel  11)  and  second 
(Lassell  II)  have  perioaic  times  nearly  in  the  ratio  of  2  to  1. 

The  other  instances  adduced  bv  Schweigger,  and  especially 
the  first,  do  «not  seem  to  have  any  claim  to  be  considered  as  real 
duplicatioas.  Still  it  is  evident  that  the  configuration  of  the 
Uranian-system  is  such  as  approaches  to  simple  ratios  between 
the  periodic  times ;  and  if  the  perturbating  force  arising  here- 

*  Herschel,  Outlines  of  Astr<momy,  %  550. 

*  Scbweigi^r ;  Ueber  die  Aoffindung  der  ^rstea  UraoottrAbanten  durch  Lassell. 
AstroDomiscbe  i^achrichtea.  1S52,  No.  882. 
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from  is  greater  than  tbe  effect  of  resistance,  these  ratios  and  the 
corresponding  configuration  would  become  permanent.  It  is 
not  improbable  that  an  analysis  of  tbe  lunar  system  of  Herschel's 
planet  will  throw  much  light  on  the  future  configuration  of  the 
solar  world  by  ascertaining  tbe  exact  relation  between  perturba- 
tion  in  commensurable  revolutions  brought  about  by  resistance 
and  the  continued  influence  of  the  latter  force  on  such  commen* 
surable  motions. 

Though  this  latter  question  cannot  at  present  be  fully  answered, 
we  have  proved  in  this  paragraph  that  not  only  the  general  in- 
commensurability of  the  periodic  times  ensuring  the  stability  of 
the  system,  but  also  the  deviations  therefrom  are  accounted  for 
by  our  law  (38). 

§  16.  History  of  the  Solar  System. 

Believing  that  we  have,  in  the  preceding  pages,  brought  forth 
some  further  arguments  in  favor  of  the  nebular  hypothesis,  we 
may  be  permitted  in  a  very  few  words  to  sketch  the  grand  his- 
tory of  the  material  universe  as  it  is  seen  in  the  lignt  of  this 
theory.  The  philosophers  of  old  called  Man  a  Microcosmos — 
we  compare  the  Universe,  tbe  Macrocosmos,  to  man,  thereby  in* 
ti mating  that  as  Man  has  a  parentage,  growth  and  decay,  i.  e.,  a 
history,  so  has  the  Macrocosmos. 

The  history  of  the  material  world  may  be  divided  into  four 
periods  or  ages,  corresponding  to  those  given  in  a  note  to  §6, 
(CJbmpare  Guyot's  views  in  Dana's  Geology — chapter  on  "Cos- 
mogonv"). 

In  the  beginning  God  created  the  heavens  and  the  earth.  And 
the  earth  was  without  form  and  void,  and  darkness  was  upon  the 
face  of  the  deep.  And  the  spirit  of  God  moved  upon  the  face 
of  the  waters.     (Qenesis,  I,  1,  2). 

The  material  universe  was  created  not  in  its  present  form,  but 
without  form ;  it  was  void  and  dark ;  but  the  spirit  of  God  per- 
vaded it,  and  planned  it  such  that  his  All-Foresight,  or  Provi- 
dence, might  also  be  manifest  in  the  material  world.  This  is 
really  the  Creation — it  is  merely  stated,  not  described,  for  it  is 
inconceivable  to  mortal  understanding.  It  is  too  awful,  our 
mind  is  lost  in  reflecting  thereon;  hence  the  divine  writer 
merely  mentions  it  at  the  beginning,  and,  to  give  fullness  to  his 
picture  and  adapt  himself  to  our  understanding,  describes  the 
first  three  great  ages  as  real  creative  acts,  though  mere  conse- 
quences of  the  unfathomable  word  given  in  the  Jirst  verse  of 
Genesis.  We  believe  that  the  first  nve  verses  of  Genesis  have 
never  before  been  fully  understood  in  their  deepest  sense.  We 
shall  in  the  sequel  keep  constantlv  before  our  eyes  both  this,  the 
revealed  History  o^the  Cosmos,  ana  science,  deduced  firom  the  rev* 
elation  we  have  m  the  present  form  of  nature. 
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Since  Genesis  merely  states  that  the  universe  (i.  e.  heaven  and 
earth)  \sv^  formless^  void  of  any  organized  being  and  dark^  it  is 
science  alone  that  can  give  us  any  idea  of  the  constitution  of  the 
universe  as  it  came  from  the  hands  of  the  Creator.  But  as 
science  is  progressive,  our  ideas  of  the  primeval  condition  of  the 
Cosmos  must  progress  correspondingly,  or  rather  with  advancing 
science  our  eye  pierces  farther  and  ifarther  back  into  the  dark 
past,  approaches  more  and  more  to  the  mysterious  and  almighty 
**Fiat  As  these  approaching  steps  represent  greater  and 
greater  series  of  ages,  we  infer  that  i\\^iFiut  lies  infinitely  far  be- 
hind us,  and  am  never  be  reached  by  human  tlionght.  We  ex- 
perience in  regard  to  the  age  of  Cosmos  by  penetrating  farther 
and  farther  into  the  dark  past  with  our  spiritual  eye,  the  same 
that  we  feel  in  piercing,  by  means  of  more  and  more  powerful 
telescopes,  farther  and  farther  into  the  world-filled  abyss  of 
space.  Here,  if  looking  through  a  giant  telescope  we  find  our- 
selves surrounded  by  a  boundless  space  filled  with  the  wonders 
of  the  Creator;  and  if  ardently  searching  in  the  existing  docu- 
ments of  nature  for  records  of  her  past,  we  behold  infinity  also 
here,  the  infinity  of  lime,  eternily^  teeming  with  wonders  no  less 
astounding.  The  beautiful  poem  of  Schiller,  **rf/e  Grikse  der 
TVe//,"  is  true  both  as  to  the  exteuslon  and  the  duration  of  the 
World. 

The  ancients  most  frequently  thought  that  the  world  left  the 
hands  of  the  Creator  in  the  shape  it  now  is.  Even  Newton  him- 
self was  unable  to  see  farther  back.  To  him  the  Creator  was  but 
a  tinker,  forming  his  wheeling  globes  and  wheeling  them  around 
their  axis,  putting  them  one  by  one  and  one  by  one  to  their 
very  place  in  his  clockwork — to  him  an  unorganized  machine  to 
run  on  and  on  forever  in  the  same  shape.  But  Huyghens,  and 
Newton  himself,  by  discovering  the  generic  cause  of  the  figure 
of  the  earth  aimed  the  first  blow  at  this  base  idea,  which  never- 
theless has  found  its  ad  vocates  even  to  the  present  hour,  especially 
among  theologians.  The  corner-stone  being  broken  out  of  the 
system  it  has  been  crumbling  down.  Geology  has  restored  the 
lost  history  of  the  earth,  and  the  nebular  theory  has  traced  this 
earth  to  the  sun  as  her  mother.  Thus  creation  was  now  identi- 
cal with  the  productions  of  the  rotating  mass  of  matter,  i.  e.,  of 
the  chemical  elements. 

We  have  attempted  to  show  that  both  rotation  and  the  ele- 
ments come  from  the  forces  wherewith  the  one  matter  (Urstoff ) 
was  endowed  (see  §  6).  It  is  highly  interesting  to  see  how  the 
first  verse  of  Genesis  has  been  understood  by  scientific  men.  It 
will  at  the  same  time  more  clearly  set  forth  what  we  implied 
above  when  saying  that  science  is  approaching  to  the  true  orig- 
inal conditLon  of  Cosmos  by  making  steps  representing  longer 
and  longer  periods  of  time. 
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"In  the  beginning  God  created  the' heaven  and  the  earth" 
means  according  to 
Newton,  1686 :  a  direct,  immediate  creation  of  every  globe  as  it 

is  now. 
Huvghens,  Hutton,  and  modern  Geologists:  a  direct  creation  of 

the  heavenly  globes  ^  fiery  masses,  circulating  in  the  system 

as  they  do  ixow. 
Kant,  1756,  Laplace  (later) :  a  direct  creation  of  a  rotating  mass 

of  chemical  elements;  giving  rise  to  the  planetary  system. 
We,  in  1854,  conceived  this  rotating  mass  of  elements  to  be  the 

product  of  a  created  nebula  consisting  of  but  one  single  tlemenL 

We  will  now  contemplate  the  different  ages  manifest  in  the 
development  of  this  Urstoff. 

First  Day  or  Age. — The  atoms  of  "UrstoflF"  combine— light 
(and  heat)  and  the  cliemical  elements  result  The  mere  production 
of  light  would  not  entitle  it  to  be  considered  one  of  the  days  of 
creation;  but  light  is  by  the  divine  writer  taken  as  a  tvpc  to 
represent  itself,  and  the  less  obvious,  though  much  more  import- 
ant, cliemiciil  elements.  It  was  not  so  much  the  light  as  the  for- 
mation of  the  elements,  the  basis  of  modern  physical  science, 
which  characterized  the  firj<t  day.  We  think  that  a  rotation  wjis 
also  produced  hereby.    (This  Journal,  1864,  vol.  xxxvii,  p.  52.) 

Second  Dmj  or  Age, — Formation  Of  (lie  planetary  orbs  witli  their 
satellites. — The  nebula  developed  itself  into  a  great  number  of 
similar  planetary  nebulae,  which  again  gave  birth  to  similar  lu- 
nar nebuliJB.  Tiius  we  see  here  the  simplest  kind  of  "  life,"  re- 
production by  division,  as  exhibited  by  many  plants,  and  even 
animals,  which  to  distinguish  them  as  such  from  inanimate  mat- 
ter, have  another  mode  of  reproduction  besides.  The  planets 
represent  the  children,  the  moons  the  grandchildren  of  the  sun. 

Tliij'd  Day  or  Age — The  fiery  balls  resulting  from  this  subdi- 
vision cool  down  and  are  shaped,  as  Geology  has  ascertained  ia 
relation  to  our  own  earth. 

J%«  Fourtli  Age  of  the  inorganic  era  is  the  present.  We  have 
shown  th.at  the  further  characteristic  of  life,  namely,  death,  is 
not  restricted  to  the  organic  but  is  participated  in  by  inorganic 
nature  (this  Journal,  [2],  xxxvii,  56).  As  every  breath  of  our 
lungs  is  a  differential  of  decay — so  every  rotation  of  the  earth 
giving  us  the  enjoyments  of  another  day,  and  every  revolution 
charming  us  with  the  succession  of  the  seasons,  brings  our  own 
mother  earth  nearer  to  her  grave.* 

'  We  beg  the  scientific  reader's  iMrdon  for  these  para^rraphs,  whidi  do  not  be* 
long  to  this  place.  But  we  felt  it  urgent  to  itay  at  least  this  much,  as  some,  eren 
to-day,  are  apt  to  base  the  cry  of  **  heretic,**  **  infiflel,"  etc  on  any  soch  deviation 
from  tiie  beaten  patli  in  their  dogmas.  The  nebular  hypothesis  has  richly  participa- 
ted in  the  abuse  heaped  in  its  day  on  the  Copernican  system,  and  on  some  leaduig 
doctrines  of  geology.  Even  yesterdajr,  I  found,  in  one  of  the  leading  religious 
quarterlies,  Laplace  called  an  *'  atheistic  dreamer** !  We  wrote  this  paragraph  as  a 
protoat  against  such  imputatioos. 
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§17.    Conclusion, 

The  principal  results  arrived  at  in  this  paper  are 

1st,  A  simple  mechanical  theory  of  spiral  nebulas. 

2d,  A  more  accurate  determination  of  the  orbits;  and  above  all, 

8d,  The  discovery  of  the  true  law  of  the  planetary  and  lunar 
distances, 

4th,  The  determination  of  the  periodic  times  as  a  function  of 
the  distances — or  borrowing  this  third  Law  of  Kepler  from  the 
theory  of  gravitation,  we  have  therein  almost  a  theoretical  de- 
monstration of  Uie  equality  of  tlie  intervals. 

As  (88)  what  we  have  repeatedly  called  "  our  law"  is  very 
much  like  Bode's,  or  rather  Titins's,  law,  we  apprehend  that  the 
propriety  of  thus  naming  (88)  will  be  doubted.  To  set  this  point 
m  clear  light  we  refer  to  a  similar,  though  undoubtedly  grander, 
case  in  the  history  of  science. 

The  law  of  Titius  was  exclusively  derived  from  observation. 
It  is  empirical,  as  is  the  third  law  of  Kepler.  It  is,  moreover, 
not  exact,  neither  in  its  general  form  nor  in  its  numerical  results. 
But  neither  is  the  famous  law  of  Kepler  exact,  though,  on  ac- 
count of  the  different  circumstances  connected  herewith,  this 
latter  law  agrees  better  with  the  numerical  data  of  observation 
than  Titius's  law. 

Newton  discovered  the  true  form  of  Kepler's  law  by  deducing 
it  from  a  higher  law,  that  of  universal  gravitation.  Instead  of 
Keplers  form,  C  being  the  same  constant  for  all  planets, 

ll=C,.        ....        (70) 

Newton  fouad  that  the  true  law  is 

ii'=£5(M  +  «).  .       ,        .        (71) 

itt  being  the  constant  of  gravitation,  hence  the  same  for  all  plan- 
ets; hence, 

Ca(M+m).  .        .        .        (72) 

That  is,  Kepler's  constant  C  is  proportional  to  the  sum  of  the 
mass  M  of  the  sun  and  the  mass  m  of  the  planet.  By  farther 
analysis  it  is  found  that  C  even  is  dependent  on  aU  the  masses 
and  distances  in  the  system. 

So  also  in  our  case.  We  have  given  the  true  expression  of 
Titius's  law  by  extending  it  to  Mercury  and  have  accounted  for 
the  deviations  of  nature  from  the  law,  by  demonstrating  that  it 
is  a  necessary  consequence  of  the  higher  law,  viz :  tlie  intervals 
between  the  abandonment  of  the  different  orbs  of  the  same  system  are 
equal  (see  §  13).  Now  tfiis  is  what  we  claim  as  our  law.  As  Newton 
deduced  and  corrected  Kepler's  law  by  his  law  of  equal  gravita- 
tion^ so  we  have  deduced  and  corrected  the  law  of  Titius  by  our 
law  of  equal  intervals. 
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We  referred  to  (38)  as  our  "  law"  because  it  is  a  coTisequence  of 
our  law,  and  certainly  our  formula ;  we  did  not  intend  to  oblit- 
erate the  merit  of  Titius,  as  will  be  seen  wherever  we  have  men- 
tioned his  name. 

There  is  yet  another  circumstance  which  makes  our  demon- 
stration of  the  law  of  planetary  distances  so  important .  It  is 
the  touchstone  of  the  nebular  theory  ;  for  as  this  ascribes  the 
formation  of  the  planets  to  the  slow  descent  of  cosmical  matter 
to  its  center,  it  has  to  be  proved  that  such  descent  will  give 
exactly  the  actual  system.  Already  Plato  held  that'  "the  mo- 
tion of  the  planets  is  such  as  if  they  had  been  all  created  by 
God  in  some  region  very  remote  from  our  system,  and  let  fall 
from  thence  toward  the  sun,  their  falling  motion  being  turned 
aside  into  a  transverse  one  whenever  they  arrived  at  their  sev- 
eral orbits."  Galileo  was  the  first  who  subjected  this  *' concetto 
{)latonico"  as  he  calls  it  to  a  numerical  calculation  based  upon  the 
aws  of  falling  bodies  as  discovered  by  him.  He  finds  an  admir- 
able harmony  between  his  calculations  and  the  actual  velocities 
and  distances  as  they  were  known  at  his  time.'  Next  after  him, 
Newton  took  the  matter  in  hand,  and  in  his  third  letter  to  Dr. 
Bentley  he  gives  as  his  result,  that  it  is  impossible  to  account  for 
the  configuration  of  the  system  in  the  manner  of  Plato  and  Gal- 
ileo. This  result  is  based  upon  his  assumption  of  a  vacuum. 
By  taking  the  influence  of  a  resisting  medium  into  account,  we 
have  proved  that  the  Platonic  idea  as  embodied  in  the  nebular 
hypothesis  does  lead  to  the  present  configuration  of  the  solar 
world.  We  make  these  remarks  to  show  that  the  idea  we  advo- 
cate is  old  and  venerable ;  we  hope,  at  some  other  time,  to  give 
the  highly  interesting  history  of  the  law  of  planetary  distances, 
including  the  application  of  the  Phyllotaxis,  (Pierce,  Agassiz,) 
the  radius  of  gyration,  (Kirkwood,)  the  regular  polyhedra, 
(Kepler,  Plato,)  etc. 

Mow  grand  and  beautiful  is  the  harmony  of  the  planetary 
world  1  What  an  admirable  unity  of  plan  is  manifestea  therein ! 
As  now  the  planets  are  slowly  sinking  to  the  sun,  so  they  have 
cdways  been  sinking  since  the  moment  of  their  creation  as  a  neb- 
ulous mass ;  the  same  motion  that  now  brings  them  nearer  to 
their  death  has  caused  their  formation,  has  brought  them  to  life  ! 
And  how  sublime  is  the  plan  of  creation  I  To  call  forth  the 
harmonious  system  of  the  solar  world  with  all  its  multiform  as- 
pects and  dependencies  fit  to  support  life  throughout  almost  end- 
less ages — nothing  but  a  collection  of  matter  endowed  with  its 

'  Brewster,  Life  of  NevBton^  Ch.  16. 

'  Dialogo  intomo  ai  due  mcuntni  Sittetni  del  Mondo,  ToUmeico  e  Copemicatuh 
Gjornata  I,  (ed.  Opere,  Fireoze,  1842.  Vol.  i,  p.  84-85.)  He  lincls:  le  graodezze 
del  cercbj,  e  le  yelocitd  del  moti  s'accostano  tanto  prossimamente  a  quel  che  ne  dan- 
no  i  oomputi,  che  h  cosa  mararigliosa. 

▲m.  Jous.  Sci.--Sboond  Sibixs,  Vol.  XXXIX,  No.  117.— Mat,  1865. 
37 
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molecular  forces  was  placed  in  a  little  spot  of  the  house  that  con- 
tains many  mansions  besides.  This  matter  slowly  collected  to- 
gether, in  thus  following  the  force  of  attraction  planted  in  it 
by  eternal  love,  the  whole  great  life  of  the  solar  world  was 
awaked ;  and  as  the  pulsation  of  the  heart  in  man  indicates  the 
fleeting  moments  of  his  life,  so  the  pulsations  of  that  great  whole, 
succeeding  each  other  at  equal  intervals,  gave  each  one  birth  tx> 
a  new  world  to  mark  the  historic  epochs  of  the  Universe  by  its 
position  and  to  roll  on  for  ages,  a  revelation  of  the  Great  Au- 
thor, until,  always  following  the  same  attractive  force,  it  in  death 
finds  rest  at  the  bosom  of  the  planet-mother,  the  sun.  And 
then — this  grand  system  remains  as  a  mere  lump,  a  Cosmic  Fossil, 
suspended  in  space,  where  perchance  some  higher  being  may 
meet  with  it,  touch  it,  investigate  it,  and  construct  its  whole  past 
history,  as  the  geologist  in  our  days  studies  the  history  of  a 
fossil  shell  I 
Iowa  City,  Iowa,  July— November,  1864. 


Art.  XXXV. — Tlie  determination  of  the  height  of  Auroral  Arches 
Jrom  observations  at  one  place ;  by  H.  A.  Newton. 

In  the  dinplays  of  the  Aurora  Borealis  the  luminous  cloud 
often  takes  the  form  of  an  arch.  Sometimes  the  lower  boundary 
of  the  auroral  light  is  arch-shaped.  Beneath  is  a  dark  segment, 
while  perhaps  streamers  run  upward  from  the  mass  of  light. 
Again,  there  is  sometimes  a  bank  of  light  in  the  north,  resting 
apparently  on  the  horizon.  The  upper  boundary  of  this  bank 
forms  a  more  or  less  regular  arch.  Again,  there  is  sometimes  a 
narrow  band  or  bow  of  light,  spanning  the  heavens,  coming 
down  to  within  two  or  three  degrees  of  the  horizon  at  each  ex- 
tremity, having  one  or  both  of  its  edges  sharply  defined,  and 
being  often  only  two  or  three  degrees  in  bread tn. 

The  arch  in  each  of  these  three  cases  may  be  incomplete,  or 
broken,  or  otherwise  irregular.  But  there  is  a  manifest  tendency 
to  form  a  regular  curve.  This  curve,  that  is,  the  boundary 
line  of  the  arch,  or  the  axis  of  the  bow,  is  rarely,  if  ever,  an 
arc  of  a  great  circle.  It  cuts  the  horizon  at  points  notably  less 
^than  180  from  each  other.  It  has  apparently  the  same  law  of 
formation  in  each  of  the  three  cases.  Its  peculiar  shape  is  there- 
fore probably  due  to  a  single  cause. 

There  is  no  reason  to  believe  that  each  observer  sees  a  differ- 
ent arch,  just  as  each  sees  his  own  rainbow.  There  is  no  center 
of  light  beneath  the  arch,  and  moreover  a  decided  parallax  is 
very  frequently  found.  The  curve  of  the  auroral  arcn  has  then 
a  definite  locus  in  the  atmosphere. 
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This  curve  is  not  caused  by  mists  in  the  atmosphere  obscuring 
and  revealing  parts  of  an  indefinite  cloud.  For  the  arch  has 
little  or  DO  relation  to  the  horizon,  and  cuts  it  at  all  angles. 

It  is  not  a  straight  line,  for  the  arch  does  not  cut  the  horizon 
at  points  180°  from  each  other. 

The  arch  resembles  the  projection  of  a  portion  of  a  circle,  or 
a  sphero-conic.  The  venerable  Hansteen  nas  in  two  instances 
seen  at  Christiana  nearly  the  whole  ellipse.  Prof.  Twining  has 
observed,  at  Middlebury,  Vt,  in  one  instance  at  least,  an  arch  in 
which  the  extremities  of  the  major  axis  of  the  ellipse  were  vis- 
ible above  the  horizon. 

It  is  reasonable  to  infer  that,  in  general,  the  locus  of  the 
light  is  parallel  t^^the  earth's  surface.  For  the  arch  has  the  same 
general  form  at  all  places,  as  will  be  seen  in  the  diagrams  of 
Mairan  and  others. 

This  leads  naturally  to  the  hypothesis  of  Hansteen,*  that  the 
auroral  arch  is  a  real  ring,  whicn  in  its  normal  form  is  parallel 
to  the  earth's  surface,  and  is  symmetrically  placed  about  the  mag- 
netic pole.  The  dark  segment  is  seen  when  we  look  beneath  the 
ring  into  space  beyond.  The  bank  of  auroral  light  is  a  similar 
broader  or  more  distant  ring. 

The  results  of  Prof.  Loomis's  investigations  respecting  the 
geographical  distribution  of  the  aurora'  confirm  and  modify  this 
conclusion.  He  shows  that  there  is  a  narrow  belt  of  an  ellipti- 
cal form  surrounding  the  magnetic  and  astronomical  poles  of  the 
earth,  and  at  a  considerable  distance  from  them,  which  is  the  re- 
gion of  the  greatest  and  most  frequent  displays  of  the  aurora. 
It  is  reasonable  to  infer  that  an  aurora  of  considerable  intensity 
would  naturally  take  a  form  symmetrical  with  this  narrow  belt 
of  the  earth's  surface.  The  portion  of  the  curve  which  we  see 
at  any  instant  should  be  regarded  as  part  of  a  circle  whose  cen- 
ter is  the  center  of  curvature  of  the  nearest  portion  of  this  belt. 

To  obtain  the  parallax  of  the  auroral  cloud,  observations  at 
two  distant  stations  have  been  necessary.  These  have  to  be 
made  upon  a  moving  object,  the  time  of  whose  appearance  can- 
not be  predicted.  It  is  only  by  a  happy  chance  that  good  ob- 
servations can  be  secured.  If  the  height  can  be  computed  from 
measures  made  at  a  single  station,  a  great  advantage  is  gained. 
A  second  observer  is  not  essential,  if  the  position  and  shape  of 
the  auroral  cloud  is  assumed  to  be  as  described  above. 

The  distance  on  the  earth's  surface  from  the  observer  to  the 
center  of  curvature  of  the'  nearest  portion  of  the  belt  of  frequent 
auroral  displays  can  be  measured.  Eepresent  this  by  d.  Let 
the  apparent  altitude  of  the  auroral  arch  be  A,  and  its  amplitude 
on  the  horizon  be  2a.    Let  x  be  the  height  of  the  auroral  cloud 

'  Hdmoiret  de  TAcad^mie  Royale  de  Bruxelles,  tome  xz,  p.  118.     See  also 
B.  y.  Marsh,  this  Journal  [2],  xxxi,  811. 
*  Thia  Journal  [2],  zzz,  89. 
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from  the  earth,  E  the  earth's  radius,  b  the  distance  from  the  ob- 
server to  the  point  on  the  earth  directly  under  that  part  of  the 
cloud  which  forms  the  vertex  of  the  arch,  and  c  the  distance  in 
like  manner  from  the  observer  to  the  point  underneath  that  part 
of  the  arch  seen  in  the  horizon.    We  have  then  these  equations, 

R-|-^=H8ecc=Rco8A8ec(6+^);     •    •    •    •    (^) 
and  since  d,  d— 6,  and  c,  are  the  three  sides  of  a  spherical  tri- 
angle; and  a  the  angle, 

COs((f— 6)=ZC08dc08«-{-8iD(f  SIDCCOSO.       .      .      .      •    (2) 

From  these  equations  b  and  c  may  be  eliminated,  and  x  found 
in  terms  of  a,  d^  A,  and  R. 

From  (1)  co8(6+A)=cosA  cose,        and  hence 

COS  ((^  -  6)=C09  )  d+h  -  {b+h)  ( 

=cos (d+h)  co8(6+A)+  sin  (d+h)  sin  (b+h) 

= C08  {d-{'h)  cos  h  cos  c-f-  si n  (c/-|-^) ( 1  —  cos^  A  cos*  c)^.      (8) 

Equating  (2)  and  (3)  and  dividing  by  cose, 

cos  <f-|-*in  d  tan  e  cos  a=cos(i+^)^^  A+8in(<f-|-A)(8ec*c— cos^A)*  (4) 

But  cos  d=cos(d+A)co3  A+sin(c?+Ajsin  h.  Substituting,  divid- 
ing by  sin(d+A)  and  placing  sin  9  for  sindcosacosec(S+A)  we 
have  *  1 

sin  A-f-tan  c  sin  ^=:(8ec*c— cos^A)* 

Reducing,  tan  c=28in  A  sin  q>  sec* 9). 

Hence,  to  compute  the  altitude  of  the  auroral  arch  above  the 
earth's  surface,  we  have  the  three  equations, 
sin  9)=:8in  dcosa  cosec  (d-}-A), 
tan  c  z=  28in  A  sin  q>  sec*9, 
and  a;=:R(8ecc  — 1). 

To  apply  these  observations  to  particular  cases  I  have  selected 
26  or  SO  auroral  arches,  observed  by  Pres.  Stiles,  Prof.  Olmsted, 
Mr.  Bferrick,  and  Mr.  Bradley.  They  were  all  observed  at  New- 
Haven,  except  those  in  the  year  1860,  which  were  seen  by  Mr. 
Bradley  at  Chicago.  Most  of  these  observations  are  from  the 
Auroral  Registers  of  Mr.  Herrick  and  Mr.  Bradley.  These  Reg- 
isters will  form  part  of  a  volume  of  memoirs  about  to  be  pub- 
lished by  the  Conn.  Acad,  of  Arts  and  Sciences.  The  value  of 
d  is  assumed  to  be  32^,  which  is  also  very  nearly  the  distance 
from  New  Haven  to  the  magnetic  pole  -of  the  earth.  In  the  fol- 
lowing table  are  given  the  dates  of  the  auroras,  the  observed 
appareot  aUitudes  and  amplitudes  of  the  arches,  and  the  com- 
puted values  of  x  in  miles,  and  in  kilometers. 

In  selecting  from  the  Registers  the  ^ux^hes  for  this  table,  I  have 
omitted  those  which  were  low  in  the  north,  as  the  horizontal  ex- 
tent is  then  concealed  by  the  mists.  I  liave  also  omitted  those 
of  which  the  obsarviitions  were  indefinite,  or  seemed  imperfect 
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IW4  of  the  oburwd  altitudei  and  amplitudeM  of  auroral  areheit  wth  the  computed 
height*  above  the  earth  i  eur/ace. 


Data. 

Altitude. 

Amplitude. 

Height  in 
mile*. 

Height  in 
kilometer*. 

Obeerver. 

Match  27, 1781 

0 
66i 

16S 

83 

68 

Stiles. 

Sept    21,1840 

10-12 

120 

62-68 

84-109 

Herrick. 

March    6,  1843 

6-8 

100 

42-88 

67-188 

a 

April   18,1846 

8 

100 

88 

133 

« 

April  27.    " 

10 

90± 

166 

260 

« 

Oct       9.    " 

8 

100 

83 

138 

Bradley. 

Oct     19,  1846 

8-10 

80± 

165-214 

266-846 

u 

Dec       9,    " 

6 

60 

281 

462 

Herrick. 

May     16, 1847 

7-8 

80 

142-166 

228-266 

M 

June    12.    " 

6 

60 

281 

462 

M 

Aug.      4,    " 

4 

60 

164 

248 

Bradley. 

U                      U           €t 

7 

90 

98 

158 

M 

Sept   29,    " 

10 

70-80 

290-214 

467-846 

Herrick. 

Not.    26.    " 

10-16 

100 

111-188 

179-295 

II 

May     18, 1848 

7-9 

76± 

168-222 

270-868 

u 

Oct     28,    " 

6-6 

70 

184-166 

216-266 

Bradley. 
Herrick. 

March  18, 1849 

10-16 

100 

111-183 

179-296 

April     6,  1860 

10-13 

90 

165-198 

260-810 

Bradley. 

Feb.     18.1861 

23 

120-180 

164-104 

248-168 

M        ^ 

March  18,    ** 

12 

120 

68 

109 

Olmsted. 

Sept    29,    " 

8 

90 

118 

190 

M 

Sept    29,  1862 

10-16 

100 

111-183 

179-296 

Herrick. 

March  26, 1860 

6± 

90± 

80 

129 

Bradley. 

March  27,    '« 

10 

90-100 

166-111 

260-179 

i< 

July      4.    '« 

10-12 

100-f- 

111-140 

179-226 

M 

Aug.    12,    ** 

6 

90± 

62 

100 

It 

M                   4i            (( 

7 

90± 

98 

168 

« 

Aug.    17,    " 

8 

100± 

83 

188 

U 

The  average  height  as  indicated  by  the  table  is  134  miles,  or 
216  kilometers.  The  observations  were  not  taken  with  refer- 
ence to  the  use  here  made  of  them,  and  the  results  can  there- 
fore be  regarded  as  only  approximately  correct.  Mr.  Bradley 
informs  me  that  his  method  of  determining  the  amplitude  of  the 
auroral  arch  was  to  place  himself  with  his  face  directly  towards 
one  end,  and  then  compare  the  amplitude  with  the  arc  of  90*^, 
which  was  easily  estimated.  He  was  accustomed  to  consider  the 
curve  of  the  arch  as  continued  down  until  it  cut  the  horizon. 

This  method  of  determining  the  height  of  the  auroral  arch  is 
imperfect  in  that  it  supposes  for  it  a  given  regular  form.  In  fact 
the  auroral  cloud  is  usually  more  or  less  irregular.  Yet  in  view 
of  the  very  great  difficulties  in  securing  good  observations  for 

Sarallax  at  two  stations,  the  method  is  believed  to  possess  very 
ecided  value,  both  independently,  and  as  a  check  upon  other 
measurements.  It  furnishes  moreover  the  means  of  determining 
not  only  the  magnitude  of  the  auroral  cloud,  but  also  the 
breadth  and  height  of  the  streamers  which  often  rise  from  the 
arch-shaped  mass  of  light. 
Tale  CoUege,  March  18tb,  1866. 
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Art.  XXXYL — On  the  Iron  Ores  of  Marquette^  Michigan;  by 
J.  P.  Kimball,  Ph.D. 

It  is  proposed  in  the  present  article  to  record  a  few  observa- 
tions made,  in  the  month  of  May  last,  in  the  Iron  region  of 
Marquette  county,  Michigan,  with  the  view  of  elucidating  cer- 
tain obscure  points  in  the  geology  of  the  immense  beds  of  earthy 
red  hematite,  specular  ana  magnetic  iron  ores,  with  which  this 
district  abounds  to  an  unparalleled  extent,  constituting  it  beyond 
any  doubt  the  most  opulent  source  of  iron  in  the  world  yet  dis- 
covered. It  was  not  my  privilege  carefully  to  explore  this  re- 
gion beyond  a  limited  district  near  the  middle.  I  am  therefore 
unable  to  add  any  information  as  to  the  geographical  extent  of 
the  iron  deposits  to  the  published  results  of  Foster  &  Whitney's 
survey.  Indeed,  the  following  contribution  to  the  knowledge  of 
this  region  is  chiefly  by  way  of  observation  of  the  instructive 
rock-cuttings  in  the  iron  mines,  or  rather  quarries,  and  in  one 
particular  cutting  of  the  Peninsula  Railroad,  all  of  which  have 
been  presented  to  geological  study  since  the  close  of  the  govern- 
ment survey;  and,  inasmuch  as  neither  population  nor  industry 
has  advanced  beyond  these  quarries,  no  otner  advantage  to  the 
geologist  at  present  exists  over  the  means  of  exploration  em- 
ployed by  the  United  States  geologists  at  that  time.  It  is  ap- 
propriate to  remark  in  this  connection  that  it  must  certainly  be  a 
<5ause  of  great  regret  to  all  friends  of  natural  science  and  mineral 
industry  in  this  country,  that  the  federal  government  has  omitted 
to  publish  the  special  report  upon  the  Marquette  Iron  Eegion  by 
Mr.  J.  D.  Whitney,  the  results  of  a  second  geological  exploration. 

In  their  survey  of  that  portion  of  the  large  area  of  tne  North- 
west exclusively  occupied  by  schistose,  metamorphic  and  crystal- 
line rocks,  which  is  included  in  the  northern  peninsula  of  Michi- 
gan, Messrs.  Foster  &  Whitney  in  1851  marked  out  the  out- 
lines of  two  distinct  systems  of  crystalline  rocks,  one  of  which 
was  defined  as  metamorphic,  their  Azoic  proper ;  while  the 
other,  distinguished  as  a  great  development  of  granitic  rocks 
outstretching  in  separated  expanses,  was  described  under  the 
name  of  granite  belts  or  ranges.  The  relation  to  each  other  of 
these  two  systems  was  hardly  traced  to  conclusiveness  owing  to 
the  concealment  of  their  conditions  of  contact;  but  the  latter 
was  assigned  to  an  origin  later  than  the  Azoic  series  upon  the 
testimony  of  disturbances  of  the  upper  metamorphic  strata  by 
intrusive  masses  of  the  granite,  and  earlier  than  the  Silurian,  as  the 
lower  beds  of  the  Potsdam  sandstone  are  seen  to  rest  undis- 
turbed around  them.^    The  distribution  of  the  Azoic  and  gran- 

'  Report  OD  the  Qeol  of  the  Lake  Superior  Land  District,  Pirt  II,  1861,  44-48. 
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ite  rocks,  as  laid  down  by  the  federal  geologists,  is  presented  in 
their  map  of  the  district  between  Keweenaw  Bay  and  Chocolate 
Eiver,  to  which  reference  can  readily  be  had  without  encum- 
bering these  pages  with  a  verbal  recital. 

The  metamorphic  or  Azoic  rocks,  consisting  of  gneiss,  horn* 
blendic,  talcose  and  chloritic  slates,  and  beds  of  argillite,  no* 
yaculite,  quartzite,  conglomerate,  saccharoidal  marble  and  crys- 
talline limestone,  were  described  as  existing  under  conditions  of 
great  displacement,  and  displaying  evidences  of  metamorphism, 
particularly  in  vicinity  to  the  line  of  contact  with  the  granite 
or  igneous  outburst.  The  occurrence  of  granite  within  the  area 
of  their  distribution  was  recognized  in  the  form  of  intrusive 
masses,  while  the  greenstones  and  some  of  the  schists,  both  fol- 
lowing the  general  stratification,  were  regarded  as  trappean 
overflows,  the  former  as  an  igneous  product,  the  latter  as  pul- 
verulent greenstone  in  the  form  of  volcanic  mud.  The  iron- 
ores  of  this  series  of  rocks  were  described  as  alternating  with 
the  trappean  ridges  in  the  form  of  intrusive  masses,  and  the  re- 
maining phenomena  of  their  dissemination  in  many  rocks  of  the 
series,  were  ascribed  to  processes  of  elimination  and  mechanical 
admixture  prevalent  during  the  accumulation  of  the  oridnal 
sediments.  This  explanation  was  believed  to  meet  the  mode  of 
occurrence  of  the  larger  masses,  which,  at  the  time  it  was  pro- 
posed, had  not  been  extensively  uncovered,  and  manifestly,  as 
appears  in  the  concluding  paragraph  of  the  chapter  on  iron-ores,* 
was  not  meant  to  be  extended  to  oeds  of  specular  and  magnetic 
oxyds  of  iron  included  within  metamorphic  strata,  with  a  con- 
formable range  and  dip,  which  indeed  the  federal  geologists  ex- 
plicitly state  their  disposition  to  regard  as  the  result  of  aqueous 
deposition. 

The  granite  belts  were  defined  in  general  terms  to  occupy  an 
area  of  more  than  2000  square  miles,  and,  within  the  boundaries 
of  Michigan,  to  be  developed  in  two  distinct  ranges  or  spurs,  of 
which  the  northern,  including  the  Huron  Mountains,  forms  the 
coast  between  Presqu'isle  and  Granite  Point,  and  expands  west- 
ward to  a  width  of  25  miles.  Along  its  southern  intersection 
with  the  metamorphic  series — its  longest  direction — it  is  laid 
down  as  continuous  for  sixty  miles.  It  is  separated  by  a  zone 
of  metamorphic  rocks  of  some  fifteen  miles  in  width,  which  em- 
braces the  present  iron  industry  of  the  region,  from  the  southern 
belt,  which  is  of  very  irregular  outline,  tnough  nearly  parallel 
for  a  distance  of  36  miles  along  its  northern  intersection  with 
the  metamorphic  belt.  The  large  expanse  of  crystalline  rocks 
occupying  the  undeveloped  tract  of  the  northern  part  of  Wis- 
consm,  stretching  across  the  head  waters  of  the  Mississippi  to 

*  Foster  <&  Whitney,  ibid,  68. 
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the  north  and  west  of  Lake  Superior,  was  considered  by  the 
federal  geologists  to  be  the  continuation  of  these  granite  belts. 
The  granite  was  described  as  forming  numerous  parallel  ridges 
bearing  east  and  west,  and  in  both  belts  to  indicate  leading  axes 
of  elevation.  Gneiss  was  observed  to  flank  the  granite  both  on 
the  north  and  south  with  intercalated  beds  of  quartzite,  potash, 
feldspar  and  homblendic  schists,  the  whole  dipping  uniformly 
from  the  axes  of  elevation.  Hornblende  sometimes  was  seen  to 
replace  mica,  forming  a  light  grey  syenite.  The  granite  south 
of  the  metamorphic  belt  is  generally  made  up  of  feldspar  and 
quartz,  mica  being  almost  always  wanting,  or  very  sparingly 

E resent.  Feldspar  is  the  most  predominating  mineral,  large 
odies  of  flesh-red  orthoclase  being  of  common  occurrence.  Two 
systems  of  dykes,  and  extensive  intrusive  masses  of  greenstone 
— the  larger  of  a  bearing  uniform  with  the  axes  of  elevation, 
the  smaller  being  N.E.  and  S.W. — were  indicated  as  occurring 
throughout  the  distribution  of  both  belts.  These  are  intersects 
by  veins  of  quartz.* 

A  most  engaging,  and,  at  the  same  time,  a  very  wide  field  of 
inquiry,  is  presented  to  geologists  in  addressing  their  attention 
to  the  ancient  crystalline  rocks  of  the  Northwest,  with  the  ob- 
ject of  resolving  the  distinctive  distribution  of  the  Laurentian 
and  Huronian  series. 

Although  no  detailed  description  of  the  crystalline  rocks  of 
the  northern  peninsula  of  Michigan  has  been  given,  so  far  as  I 
am  aware,  since  the  close  ot  the  survey  of  the  Lake  Superior 
Land  District,  a  noticeable  disposition  prevails  amone  geologists 
to  assign  to  the  metamorphic  strata,  distinguished  oy  Messrs. 
Foster  &  Whitney  as  Azoic,  an  equivalency  with  the  Huronian 
series  of  Canada.  Such  a  tendency  appears  to  be  due  to  the 
investigations  upon  the  south  shore  of  Lake  Superior  of  Mr. 
Alexander  Murray,  of  the  Canada  Geological  Survey,*  the 
results  of  which  have  been  employed  by  the  provincial  geolo- 

gists  in  their  comparative  study  of  the  crystalline  rocks  of 
anada  and  its  bordering  districts. 

The  lines  of  demarcation  between  the  Azoic  strata  and  thi 
granite,  as  laid  down  by  the  Land  District  Survey,  appear  to 
have  been  determined  by  the  succession  of  beds  rather  than 
upon  any  evidence  of  unconformability.  Orthoclasic  gneiss, 
succeeded  by  alternating  beds  of  quartzite  and  hornblendic 
slates,  flanks  the  granite  as  it  falls  away  from  its  axes  of  eleva- 
tion, and  the  points  at  which  these  have  been  observed  to  be 
succeeded  by  argillaceous,  chlorite,  and  talcose  schists,  and  beds 
of  conglomerate,  afford  the  only  clue  to  the  boundaries  of  the 

*  Foster  <&  Whitney ;  ibid,  chap.  iii. 

*  Oeol  of  Canada.     66,  696 ;  Dana's  Manual  of  Geology,  148. 

*  This  Joaroal,  [2],  xzxi,  894. 
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two  systems  of  rock,  thus  far  presented.  It  has  not  been  claimed 
for  the  information  upon  the  geological  structure  of  the  region 
in  question,  that  the  relation  of  the  Azoic  series  with  the  granite 
ranges,  has  been  established  by  sufficient  or  definite  data.  This 
must  continue  to  remain  an  open  question  until  it  is  decided  by 
patient  and  careful  observations,  facilitated  by  the  development 
of  the  district,  which,  up  to  within  a  short  period,  was  almost 
unvisited  by  white  men,  and  still  presents  formidable  physical 
obstructions  to  the  work  of  geological  exploration,  scarcely  less 
in  degree  to  those  experienced  by  the  Land  District  Survey, 
and  explained  in  the  report  of  Messrs.  Foster  &  Whitney.  The 
recent  direction  of  attention  to  the  Silver-lead  region,  so-called, 
or  the  Huron  Mountains,  has  served  somewhat  to  open  this  ob- 
scure region  during  the  past  summer,  by  the  laying  out  of 
roads,  and  the  commencement  of  mining  operations.  Although 
the  district  has  been  pretty  thoroughly  explored  during  the  past 
season  in  a  spirit  of  mining  adventure,  it  has  engaged  no  partic- 
ular study  with  a  view  to  scientific  results.  It  is  proper  to  state, 
however,  that  upon  the  evidence  of  explorers  and  collections, 
obtained  at  Marquette,  the  metamorphic  character  of  the  North- 
em  range  is  demonstrated  by  numerous  instances  brought  to  my 
notice,  of  the  extensive  development  in  that  region  of  ortho- 
clasic  gneiss— often  granitoid,  quartzite,  massive  feldspars,  tal- 
cose,  hornblende  and  chlorite  slates,  seams  of  graphite  and  mag- 
netic iron  ore.  My  own  observations  in  the  Iron  region  im- 
pressing me  with  the  indigenous  character  of  the  larger  masses 
of  diorite  and  granite  represented  within  the  defined  area  of  the 
metamorphic  strata,  and  their  entire  distinctness  from  intrusive 
dykes  or  erupted  masses,  and  concurring  in  the  recognition  of 
these  strata  by  Mr.  Murray  as  Huronian,  I  am  disposed  to  regard 
the  entire  region  as  of  metamorphic  character,  all  of  whose  lar- 
ger masses  of  crystalline  rocks  are  indigenous,  and  to  be  divisible 
into  the  two  formations,  Laurentian  and  Huronian :  the  former 
formation  probably  forming  the  surface  of  the  areas  known  as 
the  granite  ranges,  while  the  latter  probably  occupies,  with  mi- 
nor deviations,  the  limits  laid  down  for  the  crystalline  schists 
comprehended  under  the  name  of  Azoic. 

This  view  is  fortified  by  the  fact  that  the  Huronian  or  Azoic 
series  is  interposed  between  the  granite  or  Laurentian  rocks  and 
the  Potsdam  sandstone,  thus  bringing  the  Laurentian  in  its  prop- 
er place  below  the  Huronian ;  while  the  only  argument  milita- 
ting against  it  is  the  observation  by  Mr.  S.  W .  Hill,  of  intrusive 
granite  at  one  point  cutting  the  slates  near  their  southern  line  of 
intersection  with  the  main  granite,  whence  is  derived  the  infer- 
ence that  the  slates  antedate  the  granite.  The  indigenous  char- 
acter of  the  greater  part  of  the  granite,  however,  throughout  its 
Am.  Jous.  Sci.— Sbcomd  Sbbxbi,  Vol.  XXXIX,  No.  117.->Mit,  1865. 
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general  distribution,  connected  with  the  &ct  of  its  coextensive 
association  with  metamorphic  sedimentary  strata,  tends  in  this 
instance  to  invest  the  intrusive  granite  with  characters  distinct 
from  those  of  its  greater  development,  and  to  impart  to  it  the 
special  phenomena  of  an  independent  dvke.  Apart  from  the 
evidence  of  superposition,  the  lithological  features  of  the  Gran- 
ite Belts,  so  far  as  they  have  been  indicated,  bear  a  marked  anal- 
ogy with  the  standard  characters  of  the  Laurentian  series  as  de- 
termined in  Canada  and  upon  the  north  shore  of  Lake  Superior. 

In  a  private  letter  from  Mr.  T.  Sterry  Hunt,  acquainting  me 
with  some  of  the  unpublished  leading  results  of  Mr.  Murray's 
examinations  upon  the  south  shore,  I  am  informed  that  this  geol- 
ogist, whose  opportunities  for  comparison  cannot  be  too  highly 
appreciated,  describes  the  islands  and  some  points  on  the  main 
land  north  and  northwest  of  Presqu'isle  as  of  Laurentian  gneiss 
with  hornblende,  epidote,  and  pyroxene,  arriving  at  this  conclu- 
sion through  the  observation  to  the  south  of  these  points  of  the 
greenish  slates,  greenstone,  dolomitic  limestones  and  conglome- 
rates, associated  with  the  beds  of  iron  ore,  and  their  relations  to 
the  gneiss.  This  latter  series  he  judges  to  be  the  equivalent  of 
the  Lower  slate  conglomerate,  or  chloritic  slates,  at  the  base  of 
the  Huronian  system,  regarding  them  here  as  retaining  nearlv 
the  same  relative  conditions  as  upon  Lake  Huron  where  the  dol- 
omite marks  the  division  between  the  Upper  and  Lower  slate 
conglomerates. 

The  gneiss  which  marks  the  boundary  of  the  granite  belts, 
and  accordingly  characterizes  the  top  of  the  Laurentian  series 
in  this  region,  the  same  as  it  is  elsewhere  represented,  is  suc- 
ceeded by  dark  colored  hornblendic  schists,  wnioh  consequently 
represent  the  base  of  the  Azoic  or  Huronian  series.  These 
schists  are  followed  by  a  series  of  augitic  rocks  and  schists,  in- 
terstratified  with  magnesian  hydrous  rocks  and  slates,  the  two 
kinds  of  rocks  being  represented  on  the  one  hand  by  hvper- 
stbene,  pyroxene,  and  bedded  diorite  passing  into  dioritic  slates, 
and  on  the  other  by  talcose  and  chloritic  schists.  The  former 
character  of  rocks  prevails  to  such  an  extent  as  to  impart  to 
the  lower  members  of  the  Huronian  series  a  distinctive  augitic 
aspect  The  several  rocks  composing  this  augitic  zone  are  com- 
monly of  a  greenish  color,  and  vary  in  this  respect  chiefly  as  to 
shade,  resenibling  in  this  particular  the  Lower  slate  conglome- 
rate which  marks  the  base  of  the  series  in  Canada,  and  from 
which  they  seem  to  differ  only  in  the  absence  of  pebbles  and 
boulders  from  the  subjacent  Laurentian  rocks,  which  there  form 
a  distinguishing  feature.  Messrs.  Foster  &  Whitney,  however, 
describe  as  occurring  upon  Little  Presqu'isle  a  pure  white  feld- 
spar containing  acicular  crystals  of  hornblende;  passing  into  sep- 
arate beds  of  each  of  these  component  minerals,  and  enclosing 
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angular  fragments  of  hornblende  and  chlorite  slates,  jasper  and 
a  green  magnesian  mineral.*  It  seems  not  unlikely  that  this 
rock  in  its  farther  distribution  may  possess  more  decidedly  the 
characters  of  a  conglomerate,  and  accordingly  the  more  closely 
bear  out  the  lithological  analogy  between  the  lower  members  of 
the  Huronian  series  near  Marquette,  and  their  well  ascertained 
characters  north  of  the  great  lakes. 

The  homblendic  beds  are  succeeded  by  thick  beds  of  pure 
quartzite  displaying  ripple  marks,  passing  into  quartziferous  con- 
glomerate on  the  one  hand  and  siliceous  slates  on  the  other. 
The  more  massive  beds  of  this  description  form  a  prominent 
feature  of  the  country  through  their  outcrop  in  an  east  and  west 
ridge  traversing  the  middle  of  the  Azoic  or  Huronian  area. 
They  dip  at  high  angles  to  the  south,  though  numerous  less  ele- 
vated beds  dip  to  the  north.  They  are  associated  with  greenish 
homblendic  slates  and  more  or  less  crystalline  diorite,  and  at 
their  base  with  bands  of  dolomite  somewhat  siliceous  and  highly 
altered.  Overlying  this  quartz  zone,  the  probable  equivalent  of 
the  Upper  slate  conglomerate  of  the  North  Shore,  occur  tal- 
cose,  argillaceous  and  siliceous  schists  interstratified  with  specu- 
lar iron  ore,  earthy  red  hematite  and  specular  conglomerates,  the 
latter  resting  immediately  upon  thick  masses  of  hornblende  rock 
blending  into  bedded  diorite  and  hyperite  on  the  one  hand,  and 
on  the  other  into  chlorite  schists,  and  siliceous  serpentines.  At 
some  points  a  dark  colored  quartzite  resembling  greisen  except 
in  the  presence  of  hornblende  instead  of  mica,  and  clearly  of 
detrital  origin,  next  underlies  the  ore  beds. 

Possessing  the  same  stratigraphical  conditions  as  the  schistose 
rocks,  while  many  varieties  of  them  are  represented  in  the 
schists  by  their  exact  counterpart  as  to  composition,  the  crystal- 
line Huronian  rocks  must  be  regarded  as  essentially  melamor- 
phic,  while  in  a  comprehensive  view  of  the  whole  series  it  is 
seen  that  together  with  variable  conditions  of  deposit,  it  indicates 
variable  degrees  of  local  metamorphism.^  Plentiful  evidence 
exists  of  the  blending  of  a  rock  of  one  character  into  that  of  the 
other,  or  the  continuity  between  crystallized  and  schistose  beds. 
The  diorites  and  hyperites  of  this  region  are  never  porphyritic, 
but  on  the  contrary  are  so  fine-grained  as  rarely  to  admit  of  the 
mechanical  separation,  or  even  the  identification  of  their  in- 
gredients. 

Besides  the  indigenous  crystalline  rooks  distributed  through- 
out the  Huronian  series,  exotic  or  intrusive  crystalline  rocks  are 
met  with,  but  only  in  the  form  of  dykes,  and  limited  to  a  nar- 
row distribution.  The  numerous  elevated  protuberances  and 
ridges  of  granitoid  gneiss,  rising  above  the  uppermost  Huronian 

*  Foster  A  Whitney's  Report,  ii,  p.  18. 

^  Compare  Foster  it  Whitney's  Report,  ii,  16. 
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schists  which  rest  upon  their  flanks  apparently  unaffected  except 
by  the  regular  convolutions  of  the  entire  series,  are  undoubtedlr 
of  Lauren tian  age.  Two  systems  of  greenstone  dykes,  accord- 
ing to  Mr.  Hill,  as  cited  by  Messrs.  Foster  &  Whitney,  traverse 
the  gneiss — the  one  bearing  N.  from  70®  to  80^  W. — the  other 
N.  10°  E.,  and  the  same  authorities  have  noticed  many  instances 
of  the  intersection  of  the  schists  by  intrusive  granite,  especially 
near  the  borders  of  the  granite  ranges.'  Not  having  enjoyed 
the  opportunity  of  following  Mr.  Hill's  notes,  I  am  unable  to 
confirm  these  observations ;  but  it  may  not  be  inappropriate  to 
suggest  the  probability  that  the  larger  and  more  persistent  bodies 
of  greenstone  bearing  approximately  east  and  west — ^thatis  con- 
formably with  the  axes  of  the  folds  which  constitute  a  regular 
system  of  flexures  coextensive  with  the  distribution  of  the  flu- 
ronian  series  in  the  vicinity  of  Marquette,  are  in  reality  indigen- 
ous greenstone,  and  a  portion  of  the  development  of  the  diorite 
upon  which  repose  the  upper  members  of  the  series,  and  which, 
as  will  hereafter  be  shown,  is  uncovered  along  most  of  the  ridges 
of  the  region.  No  instances  of  trappean  overflows  in  this  region 
have  been  brought  to  notice.  Quartz  veins,  sometimes  carrying 
the  sulphurets  of  copper,  lead,  and  iron,  are  of  frequent  occur- 
rence, occupying  fissures  evidently  of  an  extensive  vertical 
range.  Workable  veins  of  copper  pyrites  have  recently  been 
discovered.  This  is  another  point  of  agreement  between  the 
features  of  the  Huronian  series  as  developed  in  this  district,  and 
upon  the  north  shore  of  Lake  Huron,  where  copper-bearing 
veins  are  frequent,  of  which  those  of  the  Bruce,  Wellington  and 
Wallace  mines  are  well  known  examples. 

It  is  urged  by  Prof.  Rivot  of  Paris,  that  the  crystalline  and 
schistose  rocks  south  of  Keweenaw  Bay  entirely  correspond  with 
the  rocks  of  Keweenaw  Point;  for  he  asserts  the  syenite  of  the 
Bohemian  Mts.  to  be  equivalent  to  the  Oranite  Ranges,  or  to  the 
granite  of  the  Huron  Mts. ;  and  the  metamorphic  schists  of  the 
Marquette  district  to  be  the  stratigrapical  equivalents  of  the  in- 
tercalated greenstones,  amygdaloids,  sandstones  and  conglomer- 
ates, known  as  the  Upper  copper-bearing  series,  or  the  Quebec 
Group.  Mr.  Rivot  thus  distinguishes  between  the  general  char- 
acters of  the  rocks  composing  the  Bohemian  Mts.  and  the  over- 
lying series  of  beds,  and  believes  to  have  discovered  in  the  for- 
mer^ which  he  regards  as  erupted,  the  source  of  the  elevation 
and  displacement  of  the  latter,  which  he  regards  as  more  or  less 
completely  metamorphosed  sediments.* 

Not  to  discuss  at  present  the  peculiar  notions  of  Mr.  Rivot,  it 
will  be  well  to  advert  very  briefly  to  certain  remaricable  miscon- 
ceptioMs  upoB  which  they  are  based.    First:  Ti^re  seems  to  be 

•  Foster  A  Wliitney's  Report,  ii,  44. 

"*  Rlfot,  Notioe  tur  le  lac  Supirieur— Eztrait  det  Annales  des  MiDe^  x,  p.  60. 
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IK>  evidence  in  support  of  Mr.  Bivot's  assumption  that  the  green* 
stones  associated  with  the  hornblendic  schists  of  the  Marquette 
district  are,  like  the  copper-bearing  rocks  of  Keweenaw  roint, 
'*  traversed  by  veins  containing  copper  and  native  silver."  On 
the  contrary,  the  vein  phenomena  of  the  crystalline  schists  form- 
ing the  Azoic  belt  of  Marquette  county,  are  decidedly  character- 
istic of  the  Huronian  series,  the  lodes  of  which  carry  the  sul- 
phurets  of  copper  unaccompanied  by  silver,  and  are  "altogether 
without  the  distinctive  properties  of  the  native  copper  lodes  of 
Keweenaw  Point.  Second :  The  Paleozoic  strata  among  which 
the  greenstones  of  Keweenaw  Point  are  intercalated  conformably, 
and  within  the  sectional  development  of  which  they  are  included, 
rest  unconformably  upon  the  crystalline  schists  of  the  Marquette 
district,  and  hence  the  stratigraphical  identity  between  the  rocks 
of  these  two  districts,  inferred  by  Mr.  Eivot,  is  clearly  out  of  the 
question.  Third :  The  diflference  between  the  rocks  composing 
the  Bohemian  Mts.  and  the  superincumbent  series  is  one  merely 
of  special  lithological  characters,  and  not  one  of  general  struc- 
ture as  assumed  by  Mr.  Eivot  The  syenite  of  Mt.  Houghton 
has  recently  been  found  by  Mr.  W.  H.  Stevens,  of  Copper 
Harbor,  to  be  intercalated  upon  the  Eeliance  location  with  sev- 
eral massive  beds  of  sandstone,  conglomerate  and  amygdaloid, 
thus  establishing  uniform  conditions  of  composition  and  struc- 
ture to  prevail  throughout  the  entire  series  of  the  north-dipping 
copper-bearing  rocks  of  the  South  shore. 

Mr.  Bivot  was  one  of  the  first  to  assert  the  metamorphic  char- 
acter of  the  greenstones  of  the  Marquette  district,  and,  upon 
grounds  of  structural  analogy  alone,  opposed  the  genendly  re- 
ceived opinion  that  the  bedded  syenites,  diorites,  dolerites,  chlo- 
rttic,  seolitic  and  epidotic  amygdaloids,  and  so-called  traps  of 
the  copper-bearing  series,  are  erupted  masses,  having  originated 
from  successive  overflows  during  the  accumulation  of  the  Paleo- 
zoic sediments  in  a  horizontal  position.  Notwithstanding  the  strat- 
igraphical arrangement  of  this  series  upon  the  South  shore  en- 
tirely bears  out  the  theory  of  their  metamorphic  origin,  certain 
observations  of  the  Geological  Survey  of  Canada  upon  the  North 
shore  tend  to  strengthen  the  view  advanced  by  Messrs.  Foster 
&  Whitney."  If  the  explanation  of  trappean  overflows  on 
Thunder  Bay,  resting  upon  the  authority  of  Sir  William  Logan, 
be  confirmecl  by  future  investigation,  the  North  shore  must  be 
regarded  iis  the  geological  type  of  the  Lake  Superior  country, 
and  the  absence  of  similar  phenomena  upon  the  South  shore  at- 
tributed to  effects  of  denuaation.  If,  on  the  other  hand,  the 
trappean  overflows  of  Thunder  Bay  be  found  disconnected  with 
the  lower  traps  of  the  Upper  copper-bearing  series,  but  be  as- 
certained really  to  belong  to  the  system  of  dykes  which  traverse 

^  Gdol.  Surrey  of  Caoada,  p.  TO. 
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this  series  on  the  North  shore,  and  which  have  no  counterparts 
in  Michigan,  it  will  remain  for  special  lithological  investigation 
to  complete  the  evidence  of  the  metamorphic  origin  of  the  Up- 
per .copper-bearing  rocks  of  Lake  Superior  on  the  pounds  of 
analogy  with  the  conditions  of  their  development  in  Canada. 
That  the  question  has  been  left  open  by  the  Canadian  geologists, 
is  apparent  from  the  fact  that  the  stratified  greenstones  of  this 
series,  in  a  chapter  by  Mr.  T.  Sterry  Hunt,  are  described  as  the 
stratigraphical  and  lithological  equivalents  of  the  diorites  of  the 
Quebec  Group  examined  by  him  in  Eastern  Canada,  which  he 
asserts  to  be  altered  sediments,  and  to  pass  into  chloritic,  epidotic, 
and  hornblendic  slates." 

Allusion  has  already  been  made  to  the  regularity  of  the  flex- 
ures of  the  Huronian  strata  in  the  Marquette  district,  and  to  the 
general  parallelism,  and  approximate  east  and  west  bearings  of 
their  axes.  This  regularity  prevails  throughout  the  Iron  region 
proper,  of  which  the  hills  and  valleys  conform  to  the  resulting 
system  of  undulations — thus  corresponding  to  anticlinal  and 
synclinal  arches  and  basins.  The  distance  from  one  axis  to  the 
next  of  the  same  character  varies  from  one  half  of  a  mile  to  one 
mile.  Departures  from  the  uniformity  of  direction  occur  at  dif- 
ferent points,  but  they  may  generally  be  directly  traced  to  local 
causes  of  displacement  The  plications  in  the  strata  which  thus 
impart  to  the  district  its  topographical  configuration,  have  been 
subjected  to  powerful  agencies  or  denudation,  and,  consequently, 
by  the  unequal  operation  of  these  agencies,  are  more  or  less  im- 
perfectly preserved.  Hence  their  regularity  is  less  superficial 
than  stratigraphical ;  for  while  through  the  general  denudation 
of  the  district,  in  common  with  the  larger  portion  of  the  conti- 
nent, by  glacial  action,  the  original  surface  of  the  rocks  has  been 
removed  in  a  comparatively  even  manner,  local  agencies  of  ero- 
sion and  excavation  have  served  to  break  the  continuity  of  ridges, 
and  entirely  to  obliterate  prominent  outcrops  over  considerable 
areas. 

Of  the  various  indications  of  drift  agencies  with  which  this 
region  abounds,  the  rounded  and  polished  rocks  or  ^^rochea  mou- 
tonn6e8,^^  and  the  glacial  furrows  which  these  surfaces  retain,  are 
the  most  frequent  and  instructive.  It  is  almost  impossible  to 
meet  with  an  outcropping  rock  whose  character  is  such  as  to  re- 
sist weathering  influences,  the  surface  of  which  does  not  exhibit 
one  or  the  other,  or  both  of  these  appearances.  The  course  of 
the  glacial  grooves  is  invariably  N.  from  60®  to  70®  E.,  quarter- 
ing with  the  direction  of  the  valleys.  Two,  and  not  seldom 
three,  systems  of  furrows  can  be  traced,  varying  however  but 
few  degrees  and  quite  alike  as  to  distinctness.  The  rounded, 
polished  and  grooved  surfaces  are  seen  upon  the  flanks  of  the 

"  GeoL  Survey  of  Canada,  pp.  612,  614. 
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ridges,  as  well  as  upon  their  sammits,  and  are  invariably  revealed 
bv  the  removal  from  the  surface  of  a  rock  of  the  alluvium  and 
glacial  drift  by  which  it  has  been  effectually  protected.  It  is  only 
in  the  outcrop  of  fissile  schists  that  these  appearances  are  want- 
ing. The  dense  vegetation  and  the  undisturbed  covering  of 
drift,  aided  by  the  deep  snows  of  winter,  almost  entirely  prevent 
the  lyeathering  of  the  rocks,  so  that  the  phenomena  of  glacial 
action  are  exhibited  in  this  region  in  uncommon  perfection. 
Fragments  of  rock  occurring  near  by  in  sitUj  and  boulders  of 
specular  iron  are  scattered  throughout  the  drift,  which  here  gen- 
erally in  fact  appears  to  be  made  up  of  material  derived  from 
the  immediate  region,  as  seen  especially  in  the  circumstance  that 
it  is  exceedingly  ferruginous,  while  the  source  of  the  iron  as  a 
local  detritus  is  evidenced  by  its  exclusive  presence  as  anhydrous 
sesquioxyd.  Foreign  boulders  of  gneiss  occur  however,  consid- 
erable in  size  and  number  within  limited  areas  of  distribution. 

The  position  of  the  beds  of  specular  iron  ore  has  already  been 
stated  to  be  at  the  top  of  the  Huronian  series  as  developed  in 
the  Marquette  region,  and  it  has  also  been  remarked  that  they 
are  interstratified  with  talcose  and  argillaceous  schists.  Sharing 
the  plications  of  the  entire  series,  these  specular  schists,  as  they 
may  properly  be  called,  are  accordingly  folded  into  synclinal  ba- 
sins and  anticlinal  crests — of  which  tne  axes  in  the  case  of  the 
former  lie  below  drainage,  in  the  bottom  of  the  valleys,  and  in 
the  case  of  the  latter  are  commonly  obliterated  through  the  ero- 
sion of  elevated  outcrops.  Hence  their  outliers  have  been  chiefly 
preserved  along  the  flanks  of  the  ridges  where  they  have  been 
the  least  exposed  to  the  agencies  of  denudation,  protected  as  they 
were  against  a  drift  current  coursing  nOt  with  the  valleys  but 
obliquely  across  them,  by  the  elevated  outcrops  of  their  under- 
lying rocks  from  the  summits  of  which  however  they  have  been 
abrsSed.  The  denudation  has  been  most  extensive  upon  the 
purer  specular  schists  and  the  earthy  red  hematites,  while  the 
only  exceptions  to  these  conditions  of  erosion  and  preservation 
as  already  given,  occur  with  specular  schists  which  acquire  from 
their  composition  a  refractory  structure,  or  from  their  mode  of 
deposit,  the  property  of  resisting  Uie  effects  of  a  sweeping  de- 
nudation. 

The  bosses  of  specular-iron — the  iron-knobs  or  mountains,  as 
they  are  called — are  the  most  striking  examples  of  exception  to 
the  general  effects  of  denudation  already  noticed.  They  are  in- 
stances of  the  preservation  of  the  anticlinal  crest,  and  owe  their 
permanence  to  the  fact  that  they  are  made  up,  not  of  pure  and 
soft  specular  schists,  but  of  specular  irop  ore  closely  interlami- 
nated  with  quartz  or  jasper — a  structure  capable  of  resisting  de- 
nuding action  to  a  far  greater  degree  than  the  homogeneous 
schists.    The  laminse  of  jasper  alternating  with  pure  specular 
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iron  ore,  vary  in  thickness  from  a  hair's  breadth  to  an  inch,  pro- 
ducing a  banded  appearance.  The  fSact  that  the  entire  mass  is 
highly  contorted  into  minute  as  well  as  sizeable  folds,  furnishes 
an  explanation  of  a  power  of  resistance  to  vicissitudes  of  erosion, 
superadded  to  the  same  property  which  it  derives  from  the  mere 
presence  of  intermingled  jaspery  bands.  The  conglomeratic 
beds  of  specular  iron  ore  and  jasper,  are  generally  preserved  in 
elevated  outliers,  acquiring  a  refractory  character  from  their 
coarse  and  tenacious  structure,  but  I  have  met  with  no  instance 
of  the  preservation  of  the  anticlinal  crest  in  beds  of  this  de- 
scription. 

In  Section  26,  T.  47  N.,  R.  27  W.,  an  example  of  a  preserved 
anticlinal  crest  occurs  in  a  ridge  of  half  a  mile  in  length  and  170 
feet  in  height.  The  specular  iron-ore  at  the  surface  displays  a 
laminated  and  contorted  structure  into  which  enter  thin  laminsd 
of  quartz,  and  although  the  mass  in  itself  is  not  so  substantial  as 
the  exterior  of  the  Cleveland  Knob,  its  attending  conditions  of 
deposit  impart  to  it  similar  refractory  properties.  In  this  region, 
as  elsewhere,  denudation  may  be  noticed  to  have  had  less  effect 
upon  those  stratified  rocks  which  present  to  its  agencies  their 
planes  of  stratification,  than  upon  those  which  are  highly  inclined. 
Hence  it  wiil  be  observed  that  the  more  extensive  the  sweep  of 
the  undulations  the  more  complete  is  the  preservation  of  the 
specular  iron-ore  which  in  the  form  of  schists  enters  into  them. 

The  most  conclusive  indications  of  the  stratigraphical  condi- 
tions which  prevail  amons^  the  hematite  schists  in  Marquette 
county  up  to  this  time  exhibited,  are  disclosed  by  the  cutting  of 
the  Peninsula  Railroad  in  the  N.E.  quarter  of  Section  8,  T.  47 
N.,  R.  26  W.,  to  which  allusion  was  made  in  the  first  part  of  this 
article.  The  grade  of  the  railroad  has  been  laid  in  an  excava- 
tion 600  feet  long  and  sunk  25  feet  below  the  highest  point  upon 
the  surface  of  a  hill  which  derives  its  configuration  from  a  boss 
of  hematite  schists  intercalated  with  argillite.  Thus  the  cutting 
presents  an  anticlinal  section,  as  seen  in  the  accompanying  wood- 
cut.   The  lower  strata  penetrated  are  preserved  in  an  unimpaired 


anticlinal  crest,  while  the  arch  of  the  upper,  sharing  the  general 
denudation  of  the  district,  has  been  abraded  with  the  preserva- 
tion only  of  the  defiected  dips  of  these  strata.  The  schists  are 
alternations  of  earthy  red  hematite  and  chloritic  argillite,  or  the 
peculiar  greenish  slates,  already  described,  both  becoming  ffradu- 
ally  reduced  in  an  ascending  order  from  comparatively  heavy 
beos  of  two  feet  to  thin  laminae  of  a  quarter  of  an  inch.    The 
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power  of  resistance  in  the  arch  is  strikingly  illnstrated ;  for  while 
the  crest  itself  remains  perfect,  the  same  strata  have  been  mnch 
disrupted  and  displaced  as  they  pass  out  of  the  arch  and  change 
their  curvatarc.  The  upper  laminated  portions  are  exceedingly 
wrinkled,  and  the  heavy  beds  broken  and  doubled.  Under  these 
circumstances  of  displacement  but  one  or  two  of  the  heavier 
beds  of  argillite  are  exhibited  above  the  grade  of  the  railroad ; 
and  while  these,  through  scales  or  plates  retain  marks  of  strati- 
fication so  as  to  expose  their  true  character,  they  have  been 
sharply  folded  and  collapsed,  and  by  their  nearly  vertical  posi- 
tion nave  the  appearance  of  intrusive  masses.  The  central  por- 
tion of  the  cutting — that  is,  the  undisrupted  strata — is  traversed 
by  a  system  of  parallel  joints  which  the  disrupted  portions  are 
without  Several  segregated  veins  of  (juartz  with  limonite  oc- 
cupy the  divisional  planes  of  stratification. 

Other  sectional  cuttings  in  the  several  mines  or  quarries  dis- 
play more  or  less  completely  the  stratification  and  undulations 
of  the  hematites  in  common  with  the  Huronian  schists  of  this 
region,  and  show  conclusively,  if  further  testimony  were  requisite, 
the  existence  of  the  iron  ore  under  the  same  conditions  of  de- 
posit and  secondary  modification  as  the  schists  with  which  thfey 
are  associated.  In  the  Jackson  mine,  for  instance,  occur  two 
bosses  or  short  anticlinal  folds,  while  in  the  Lake  Superior  mine 
a  perfect  synclinal  flexure  is  exhibited. 

Beds  oi  specular  conglomerate  are  of  frequent  occurrence 
throughout  the  Iron  region  of  Northern  Michigan,  consisting 
of  a  paste  of  specular  peroxyd  of  iron,  through  which  are  dis- 
seminated fragments  of  jasper,  and  rounded  pebbles  of  specular 
iron  ore  which  usually  diflfer  from  the  paste  m  texture,  a  differ- 
ence very  perc«ptible  among  ores  of  any  one  class  even  within 
narrow  limits  of  distribution.  These  conglomerates  not  unfre- 
quently  resemble  breccia  in  the  angularity  of  the  jasper  frag- 
ments which  they  contain ;  but  the  pebbles  of  specular  peroxyd, 
although  sometimes  obscure  in  a  matrix  of  the  same  material, 
commonly  serve  to  indicate  the  detrital  origin  of  these  beds. 
That  they  are  derived  from  local  detritus  is  evident  from  the 
feet  that  the  jasper  fragments  are  not  rounded,  while  the  particles 
of  softer  specular  iron  ore  are  worn  but  slightly.  They  seem  to 
be  of  littoral  formation  and  to  have  been  derived  from  dismem- 
bered and  crumbled  deposits  of  successive  laminse  of  jasper  and 
iron  ore — similar  to  those  deposits  distinguishable  in  the  bosses 
of  the  region.  The  specular  conglomerate  invariably  exists  un- 
der circumstances  of  true  bedding,  and  is  traversed  by  parallel 
joints  splitting  the  imbedded  pebbles.  It  occurs  interstratified 
with  talcose  and  argillaceous  schists  quite  as  regularly  as  the 
homogeneous  ores.  As  would  naturally  be  expected,  the  specu- 
lar conglomerates,  owing  to  their  enduring  composition,  have  re- 
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sisted  erosion  more  effectually  than  the  purer  schists,  and  are 
preserved  in  elevated  outliers,  as  seen  particularly  at  the  New 
England  mine,  and  in  the  N.W.  quarter  of  Section  21,  T.  47  N., 
E.  27  W.  A  specular  conglomerate  uncontaminated  with  any 
considerable  portion  of  jasper,  forms  the  bulk  of  the  schists  at 
present  wrought  by  the  Lake  Superior  mine.  These  are  jointed 
obliquely,  and  are  cleavable  at  right  angles,  to  the  stratification. 

Specular  schist  often  occurs  charged  with  detrital  quartz,  or 
sand,  thus  differing  from  the  conglomerates  only  in  its  external 
properties,  while  it  is  analogous  to  them  in  attitude  and  actual 
composition.  Schists  of  this  description  are  intercalated  with 
the  conglomerates  in  Section  21  above  noticed,  and  in  Section 
26  of  the  same  township  are  found  underlying  the  laminated 
beds  which  crown  the  anticlinal  arch. 

An  estimation  of  the  thickness  of  the  ferriferous  series  is  at- 
tended with  no  little  difficulty  at  present  owing  to  the  absence 
of  anv  entire  sectional  cutting.  The  Jackson  mine  presents  the 
best  data  for  an  opinion  upon  this  point,  although  its  workings 
expose  neither  the  base,  nor  uppermost  members  of  the  series.  It 
is  upon  the  northern  dip  of  a  steep  anticlinal,  and  the  ground  of 
the  quarry  is  some  600  feet  wide,  the  excavation  having  been 
entirely  within  the  series.  At  this  mine  the  range  of  thickness 
exceeds  one  thousand  feet.  Individual  thicknesses  of  specular 
schist  without  the  intervention  of  other  schists,  are  upwards  of 
150  feet.  Spme  idea  of  the  massiveness  of  a  homogeneous  bed 
of  specular  schist  may  be  had  from  the  fact  that  in  the  month  of. 
September  last  3500  tons  of  workable  ore  were  thrown  down  at 
this  mine  in  one  blast,  for  which  11  kegs  of  powder  were  used. 

It  will  be  observed  that  while  the  smaller  plications  furnish 
the  most  available  and  complete  evidences  of  the  stratigraphical 
conditions  of  the  ferriferous  schists,  every  exposure  of  them  in 
quarries  or  natural  outcrops,  conveys  the  same  character  of  evi- 
dence, but  upon  a  scale  far  more  extended,  and  generally  requir- 
ing allowance  for  superficial  vicissitudes,  and  a  large  degree  of 
denudation.  Even  if  space  permitted,  I  conceive  it  to  be  un- 
necessary to  multiply  instances  of  this  evidence.  It  has  been 
shown  that  the  iron  ores  of  the  Huronian  series  in  Michigan  are 
essentially  schists  and  heavy-bedded  strata  in  which  none  of  the 
phenomena  of  aqueous  deposits  formed  by  precipitation  from 
water  on  the  one  hand,  or  by  detrital  accumulation  on  the  other, 
are  wanting.  They  exhibit  not  only  stratification,  anticlinal  and 
synclinal  folds,  but  are  invariably  traversed  by  systems  of  joints, 
and  at  many  points  exhibit  a  perfect  slaty  cleavage. 

The  intimate  connection  between  the  greenstones,  hornblende 
rocks,  and  aluminous  and  magnesian  silicated  schists  of  the  fer- 
riferous series,  has  already  been  indicated  in  general  terms,  these 
rocks  not  only  alternating  with,  but  passing  into,  each  other — a 
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conjunction  commonly  existing  wherever  bedded  greenstones, 
and  isolated  silicates  occur  together  as  sedimentary  products  of 
the  decomposition  of  compound  silicated  rocks.  The  peculiar 
green  slates  which  have  a  large  development  in  this  series,  are 
intermediate  in  composition  between  day  slate  and  hornblende 
slate,  and  together  with  the  talcose  and  chloritic  slates,  with 
which  they  are  interstratified,  are  probably  products  of  such  a 
decomposition  in  the  wet  way  of  tne  same  crystalline  sediments 
which  entirely  or  less  undecomposed  have  gone  to  form  those 
greenstones  which  constitute  members  of  the  same  series.  Effer- 
vescence with  acids  of  some  of  the  green  slates  in  common  with 
many  of  the  greenstones  of  the  series,  together  with  the  presence 
of  a  large  amount  oTf  lime  and  magnesia,  was  pointed  out  bv 
Messrs.  Foster  &  Whitney,  as  indicating  the  characters  of  a  pul- 
verulent greenstone — the  schalstein  of  German  geologists."  The 
presence  of  carbonate  of  lime  in  many  of  the  schistose  rocks 
of  this  region  must  be  regarded  as  generally  due  to  the  decom- 
position of  silicate  of  lime  in  the  silicates  of  the  primary  crys- 
talline sediments  whence  they  are  derived,  although  in  a  few 
special  instances  it  may  have  been  derived  by  the  subsequent 
conversion  of  greenstones  into  schalstones,  or  by  infiltration  from 
superincumbent  calcareous  strata.  Chemical  reactions  in  crystal- 
line sediments  resulting  from  the  disintegration  of  crystalline  sil- 
icated rocks,  and  operated  upon  by  carbonated  waters,  are  amply 
capable  to  have  produced  the  lithological  conditions  of  augitic 
rocks,  clay-slates,  schalstone,  and  other  schists,  together  with 
the  oxydized  ores  of  iron  intercalated  with  greenstone  a,piong 
the  ancient  crystalline  rocks  of  North  America  as  well  as 
Europe — as  shown  by  Bischof "  in  pronouncing  the  Neptunian 
characters  of  these  rocks.  From  a  stratigraphical  point  of  view, 
while  evidence  is  elsewhere  often  obscure,  the  Huronian  green- 
stone, schists  and  iron  ores  of  Northern  Michigan,  in  the  a^nce 
of  close  attention  to  their  special  chemical  conditions,  exhibit 
sedimentary  and  metamorphic  phenomena  adequate  to  render 
quite  untenable,  it  is  believed,  the  theory  of  the  ^eicotic  character 
of  any  portion  of  them. 
New  Tork,  Dec.  19th,  1864. 

"  Report  of  the  Geology  of  the  Lake  Superior  i^nd  Disirict,  ii,  17,  93. 

"  Bischof,  Elements  of  Chemical  and  Physical  Geology,  London,  1854-59,  vol. 
ill,  chap.  55.  Volger,  Studieo  zur  EntwicklangBgesohichte  der  Mioeralien.  Zurich, 
1854. 
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Art.  XXXVII. — Astronomical  Photograyhy  ;  by  Lewis  M. 

RUTHEBFUBD. 

My  present  observatory  is  a  circular  brick  building  of  twenty 
feet  internal  diameter,  with  a  light  revolving  roof  supported  on 
twelve  wheels  which  are  fixed  to  the  stone  coping  of  the  walls. 

The  opening,  two  feet  wide,  extends  from  side  to  side  with 
simple  shutters,  which,  when  elevated  on  the  weather  side,  serve 
to  prevent  the  wind  from  blowing  into  the  observatory  and 
shaking  the  telescope.  Opening  from  the  west  side  of  the 
Equatorial  dome  is  a  small  transit  apartn^nt  with  computing 
room  attached.  This  observatory  is  in  the  garden  of  the  house 
where  I  reside.  The  transit  is  189  feet  N.W.  from  the  Second 
Avenue,  and  76*3  feet  KB.  from  Eleventh  street.  It  was 
erected  in  the  summer  and  autumn  of  the  year  1856.  The  equa- 
torial, by  Fitz,  is  a  very  substantial  instrument,  having  circles 
divided  on  silver  18  and  20  inches  in  diameter. 

The  objective  is  of  llj  inches  aperture,  and  fourteen  feet  focal 
length,  and  was  corrected  for  figure  by  myself  after  the  methods 
and  directions  of  Mr.  Fitz.  It  is  a  fine  glass,  capable  of  show- 
ing any  object  which  should  be  seen  by  a  well  corrected  objec- 
tive of  those  dimensions. 

The  observatory  is  low  and  therefore  cannot  reach  any  object 
near  the  horizon,  but  I  prefer  losing  such  observations  to  the 
tremors  and  expense  of  a  high  structure. 

The  transit  room  has  been  used  on  several  occasions  by  the 
U.  S.  Coast  Survey  in  their  telegraphic  operations  for  longitude. 
It  is  Oh.  12™.  15'47«  E.  of  Washington,  and  in  latitude  40^  48', 
48"'53 ;  the  latitude  being  the  result  of  observations  with  the 
zenith  telescope  upon  twenty-four  pairs  of  stars  by  the  observ- 
ers of  the  Coast  Survey. 

During  the  winter  of  1857-58,  Messrs.  Alvan  Clark  4  Sons 
constructed,  and  in  the  spring  attached  to  the  equatorial,  a  driv- 
ing clock  of  the  highest  n^erit.  It  has  a  remontoir  lescapement 
similar  to  that  of  Bond*s  spring  governor. 

Having  seen  with  great  interest  the  photographic  experiments 
conducted  at  the  observatory  of  Harvard  College,  I  determined, 
as  soon  as  the  clock  should  be  in  working  order,  to  prosecute 
the  sulgect  of  celestial  photography-  After  many  experiments 
it  was  ascertained  that  the  best  photographic  focus  of  the  object^ 
ive  was  about  yV  of  an  inch  outside  the  visual  focus.  I  con- 
tinued making  photographs  of  the  moon  and  sach  stars  as  could 
be  obtained,  and  although  when  compared  witSa  what  had  been 
done  by  others  the  results  gave  reason  for  satisfaction,  yet  in 
view  of  what  was  desirable  and  apparently  attainable,  astponom- 
ical  ^photography  with  me  was  a  failure.    By  reducing  Dhe.aper- 
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Uire  of  the  telescope  to  five  inches  for  the  full  moon,  I  was  en- 
abled to  produce  negatives  which  would  bear  an  enlargement  to 
five  inches  or  fifty  diameters.  An  impression  of  a  sixth  magni- 
tude star  was  never  obtained,  y  Virginis,  then  8"  distant,  was 
the  closest  pair  the  duplicity  of  which  could  be  measured  on  the 
collodion  plate.  The  ring  of  Saturn  and  the  belts  of  Jupiter 
were  plainly  visible,  but  entirely  unsatisfactory.  An  image  of 
Jupiter  could  be  obtained  in  from  5  to  10  seconds  exposure,  but 
the  satellites  failed  to  impress  the  plate  in  any  length  of  time. 
This  was  due  to  the  uncorrected  condition  of  the  objective  which 
diffused  the  violet  rays  over  a  large  space,  so  that  in  the  case 
of  the  planet  each  point  of  the  picture  was  influenced  not  only 
by  the  ray  due  to  that  point,  but  by  the  stray  beams  from  ad- 
joining portions  of  the  object,  and  thus  nearly  the  whole  actinic 
force  of  the  objective  was  gathered  within  the  dimensions  of  the 
image.  In  the  case  of  the  satellite  the  lost  rays  were  not  re- 
placed by  the  Vanderers  from  any  adjacent  point. 

During  the  summer  of  1858  I  comoined  my  first  stereograph 
of  the  moon,  producing  quite  a  satisfactory  result  with  the  low 
power  of  the  stereoscope.  I  do  not  know  when  this  was  first 
done  in  England  by  Mr.  DeLaBue,  but  with  me  the  idea  was 
an  original  one. 

My  greatest  success  with  an  uncorrected  objective  was  in  the 
pictures  of  the  sun  taken  with  about  one-fiftieth  of  a  second  ex- 
posure, with  the  aperture  reduced  to  one  inch.  The  negatives 
were  four  inches  in  diameter  and  exhibited  the  spdis  with  rea- 
sonable sharpness,  the  manifest  difference  in  light  between  the 
center  and  the  edge,  and  under  favorable  circumstances  the 
faculaa*  Some  of  the  negatives  verify  the  observation  of  M. 
Dawes,  that  the  faculae  are  elevations. 

In  June,  1860,  the  sun's  disk  was  remarkably  rich  in  spots, 
and  I  combined  the  pictures  of  two  days  to  produce  a  stereograph, 
but  the  result  was  a  failure  and  did  not  give  the  impression  of  a 
sphere,  but  presented  the  appearance  of  a  fiat  uniform  disk 
spanned  by  a  spherical  net- work  which  seemed  entirely  detached 
from  the  disk.  This  is  attributable  to  a  want  of  sufficient  detail 
on  the  surface  of  the  sun. 

During  the  year  1859  and  for  a  long  time  I  worked  with  com- 
binations of  lenses  to  be  inserted  in  the  tube  between  the  object- 
ive and  the  plate  with  the  view  of  correcting  the  photographic 
ray.  This  attempt  succeeded  well  so  far  as  the  center  of  the 
field  was  concerned,  but  it  was  impossible  to  produce  a  good 
correction  over  a  space  equal  to  the  area  of  the  image  of  the 
moon,  without  using  a  corrector  of  inconvenient  size. 

In  1860  I  prepared  a  telescope  with  camera  and  instantaneous 
apparatus  mounted  equatorially  to  send  by  the  U.  S.  Coast  Sur- 
vey Expedition  to  Laorador  for  the  observation  of  the  eclipse. 
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The  objective  in  this  case  was  a  fine  one,  by  Alvan  Clark  of  ij 
inches  aperture.  A  ring  was  placed  between  the  crown  and  flint 
lenses  of  such  a  width  that  the  best  visual  and  photographic  foci 
were  united.  For  this  purpose  it  was  necessary  to  shorten  the 
combined  focus  about  one-twentieth  of  its  former  valiie. 

The  pictures  of  the  sun  taken  with  this  instrument  were  better 
than  those  made  by  my  large  telescope,  in  which  no  attempt  had 
been  made  to  correct  the  photographic  rays. 

Being  unable  to  accompany  the  expedition,  I  made  a  series  of 
pictures  of  the  eclipse  at  home,  upon  which  are  seen  the  nuclei 
and  penumbrae  of  the  spots,  the  gradation  of  light  of  the  sun's 
•disk,  and  the  serrated  edge  of  the  moon  projected  upon  the 
fiun.  They  show,  however,  none  of  the  fogging  of  the  moon's 
surface,  commented  upon  by  other  observers,  nor  a  greater  in- 
tensity of  light  at  the  points  of  contact  between  the  sun  and 
the  moon,  both  these  results  are,  when  they  occur,  due,  in  my 
opinion,  to  photographic  or  optical  causes,  and  nbt  to  any  true 
astronomical  phenomena  of  that  nature. 

On  examining  the  first  negative  of  the  eclipse  I  was  struck 
by  the  difference  of  sharpness  between  the  edge  of  the  sun  and 
that  of  the  moon  projected  upon  its  disk.  At  first  I  was  inclined 
to  think  that  it  was  caused  by  a  falling  off  in  definition  near  the 
edge  of  the  eye-piece  used.  In  the  next  picture  the  edge  of  the 
sun  was  placed  near  the  center  of  the  field  and  the  moon  re- 
moved to  a  remote  part  of  the  plate,  yet  still  the  result  was  the 
same ;  the  #un's  edge  was  soft  and  indefinite  while  that  of  the 
moon  was  hard  and  sharp,  showing  that  the  light  from  the  two 
objects  comes  to  us  under  different  conditions;  in  one  case 
traversing  the  sun's  atmosphere,  in  the  other  unaffected  by  this 
disturbing  cause. 

In  the  autumn  of  1861  I  began  to  experiment  with  a  reflect- 
ing telescope  with  silvered  mirror,  which  recommended  itself 
both  by  the  simplicity  and  ease  of  its  construction  and  the  entire 
freedom  from  dispersion.  One  was  mounted  of  thirteen  inches 
aperture  and  eight  feet  focus,  of  the  Cassegranean  form.  It  was 
ground  and  approximately  figured  by  Mr.  Fitz,  and  in  its  frame, 
as  strapped  to  my  large  tube  and  carried  by  the  equatorial  clock, 
weighed  less  than  fifteen  pounds.  Many  modes  were  tried  of 
silvering  but  the  best  results  were  obtained  by  Liebig's  process, 
wherein  the  silver  is  deposited  from  an  ammonia  nitrate  solution 
by  sugar  of  milk.  After  three  months  trial  I  abandoned  this 
instrument  as  unfit  for  use  in  ray  observatory.  First,  the  tre- 
mors of  the  city,  quite  imperceptible  in  the  achromatic,  were, 
by  the  double  reflection,  increased  about  36  times,  an  insur- 
mountable obstacle  to  good  work.  Secondly,  the  silver  deposit 
is  so  easily  attacked,  both  by  moisture  and  the  gases  which 
abound  in  the  city,  as  to  make  it  necessary  to  re-silver  the  specu- 
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lum  at  least  every  ten  days,  a  labor  not  to  be  contemplated  with 
equanimity.  Dr.  Draper  has  found  the  silver  surface  very  much 
more  durable  in  the  dry,  pure  air  of  the  country.  I  regard  the 
Cassegranean  form  as  the  best  adapted  to  lunar  photography, 
since  the  dimensions  of  the  image  can  be  varied  at  will,  as  cir- 
cumstances dictate,  by  simply  changing  the  small  mirror,  a 
number  of  which  might  be  kept  at  hand. 

Having  thus  failed  in  astronomical  photography  with  an  or- 
dinary achromatic,  with  a  correcting  lens  ana  with  a  reflector,  I 
began,  in  the  autumn  of  1863,  the  construction  of  an  objective, 
to  be  corrected  solely  with  reference  to  the  photographic  rays. 

In  a  former  communication  to  this  Journal,  Jan.  1863,  I  drew 
attention  to  the  peculiar  adaptation  of  the  spectroscope  as  a 
means  of  examining  the  achromatic  condition  of  an  objective, 
and  since  it  was  principally  by  the  aid  of  this  instrument  that  I 
have  been  enabled  to  procure  a  fine  photographic  correction,  I 
may  be  pardoned  for  touching  again  upon  this  application. 

The  image  of  a  star  at  the  focus  of  a  perfectly  corrected  ob- 
jective would  be  a  point,  the  apex  of  all  conceivable  cones  hav- 
ing the  object  glass,  or  parts  of  it,  as  the  bases.  This  point  fall- 
ing upon  a  prism  would  be  converted  in  a  line  red  at  one  end 
and  violet  at  the  other  with  the  intermediate  colors  in  their 

E roper  places.  If,  however,  the  different  colored  rays  are  not  all 
rought  to  the  same  focus,  the  spectrum  will  no  longer  be  a  line, 
but  in  the  uncorrected  colors  will  be  expanded  to  a  brush  the 
width  of  which  will  be  the  diameter  of  the  cone  where  inter- 
cepted by  the  prism.  It  will  thus  be  seen  that  a  simple  glance 
at  a  star  spectrum  will  indicate  at  once  what  parts  of  the  spec- 
trum are  bounded  by  parallel  lines  and  consequently  converged 
to  one  focal  point,  and  what  parts  do  not  conform  to  this  condi- 
tion, and  also  the  amount  of  divergence. 

On  applying  this  test  I  found  that  an  objective  of  flint  and 
crown  in  which  the  visual  was  united  with  the  photographic 
focus,  (in  other  words,  where  the  instrument  could  be  focalized 
on  a  plate  of  ground  glass  bj'  the  eye,  as  in  ordinary  cameras, 
and  in  the  heliographs  constructed  by  Dalmayer  for  the  Kew  ob- 
servatory and  for  the  Eussian  government),  is  a  mere  compro- 
mise to  convenience  in  which  both  the  visual  and  actinic  quali- 
ties are  sacrificed. 

In  order  to  bring  the  actinic  portion  of  the  spectrum  between 
parallel  borders,  i.  e.  to  one  focus,  it  is  necessary  that  a  given 
crown  lens  should  be  combined  with  a  flint  which  will  produce 
a  combined  focal  length  about  one-tenth  shorter  than  would  be 
required  to  satisfy  the  conditions  of  achromatism  for  the  eye, 
ana  in  this  condition  the  objective  is  entirely  worthless  for 
'  vision. 
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Having  obtained  the  achromatic  correction,  I  had  a  most  dele- 
cate  task  to  produce  the  correction  for  figure,  since  the  judg- 
ment of  the  eye  was  useless  unless  entirely  protected  from  the 
influence  of  all  b^ut  the  actinic  rays.  A  cell  of  glass  inclosing  a 
sufficient  thickness  of  the  cupro-sulphate  of  ammonia,  held  be- 
*  tween  the  eye  and  the  eye-piece,  enabled  me  to  work  for  coarse 
corrections  upon  «  Lyrae  and  Sirius,  but  so  darkened  the  ex- 
panded disk  of  a  star  in  and  out  of  focus  that  all  the  final  cor- 
rections were  made  upon  tests  by  photography,  which  gave  per- 
manent record  of  all  the  irregularities  of  surface  to  be  combated. 
Still,  however  the  process  was  long  and  tedious,  dependent  upon 
but  three  stars  as  tests,  and  they  too  often  obscured  by  oad 
weather.  My  mode  of  correction  was  almost  entirely  of  a  local 
nature,  such  as  practiced  by  the  late  Mr.  Fitz  and  Mr.  Clark  for 
many  years. 

This  objective  was  completed  about  the  first  of  December  last; 
it  has  the  same  aperture,  llj  inches,  as  the  achromatic,  with  a 
few  inches  shorter  focal  length,  and  can  be  substituted  for  it  in 
the  tube  with  great  ease.  The  corrections  of  this  objective  are 
such  that  I  think  it  capable  of  picturing  any  object  as  seen,  pro- 
vided there  be  sufficient  light  and  no  atmospheric  obstacles. 

As  respects  the  light,  I  have  obtained  images  of  stars  desig- 
nated by  Smythe  as  of  the  8i  magnitude,  and  other  stars  on  the 
same  plate  oi  full  a  magnitude  lower.  In  the  cluster  Proesepe, 
within  the  space  of  one  degree  square  twenty-three  stars  are 
taken,  many  of  which  are  of  the  ninth  magnitude,  with  an  ex- 
posure of  three  minutes.  An  exposure  of  one  second  gives  a 
strong  impression  of  Castor,  and  the  smaller  star  is  quite  visible 
with  half  a  second.  With  the  achromatic  objective  it  was  neces- 
sanr  to  expose  Castor  ten  seconds  to  obtain  a  satisfactory  result 

The  great  obstacle  which  prevents  the  results  of  photography 
from  realizing  the  achievements  of  vision  is  atmospheric  dis- 
turbance. In  looking  at  an  object  the  impression  is  formed  from 
the  revelations  of  the  best  moments,  and  it  is  oft«n  the  case  that 
the  eye  can  clearly  detect  the  duplicity  of  a  star,  although  the 
whole  object  is  dancing  and  oscillating  over  a  space  greater 
than  its  distance.  The  photograph  possesses  no  such  power  of 
accommodation,  and  the  image  is  a  mean  of  all  the  conditions 
during  exposure.  It  is,  therefore,  only  on  rare  nights  in  our 
climate  that  the  picture  will  approach  the  revelations  of  the  eye. 

Since  the  completion  of  the  photographic  objective,  but  one 
night  has  occurred,  (the  6th  of  March),  with  a  fine  atmosphere, 
and  on  that  occasion  the  instrument  was  occupied  with  the  moon ; 
so  that  as  yet  I  have  not  tested  its  powers  upon  the  close  double 
stars,  2"  being  the  nearest  pair  it  has  been  tried  upon.  This  . 
distance  is  quite  manageable  provided  the  stars  are  of  nearly 
equal  magnitude.    The  power  to  obtain  images  of  the  9th  mag* 
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nitude  stars  with  so  moderate  an  aperture  promises  to  develop 
and  increase  the  application  of  photography  to  the  mapping  of 
the  sidereal  heavcDs,  and  in  some  measure  to  realize  the  hopes 
which  have  so  long  been  deferred  and  disappointed. 

It  would  not  be  difficult  to  arrange  a  camera  box  capable  of 
exposing  a  surface  sufficient  to  obtain  a  map  of  two  degrees 
square,  and  with  instruments  of  large  aperture  we  may  hope  to 
reach  much  smaller  stars  than  I  have  yet  taken.  There  is  also 
every  probability  that  the  chemistry  of  photography  will  be  very 
much  improved,  and  more  sensitive  methods  devised. 

On  the  6th  of  March,  the  negatives  of  the  moon  were  remark- 
ably fine,  being  superior  in  sharpness  to  any  I  have  yet  seen. 
The  exposure  for  that  phase,  three  days  after  the  first  quarter,  is 
from  two  to  three  seconds,  and  for  the  full  moon  about  one- 
quarter  of  a  second. 

The  success  of  this  telescopic  objective  has  encouraged  me  to 
hope  that  an  almost  equal  improvement  may  be  made  for  pho- 
tography in  the  microscope,  which  instrument  is  more  favorably 
situated  for  definition  than  the  telescope,  since  it  is  independent 
of  atmospheric  conditions.  Its  achromatic  status  is  easily  exam- 
ined by  the  spectroscope,  using  as  a  star  the  solar  image  reflected 
from  a  minute  globule  of  mercury.  Mr.  Wales  is  now  con- 
structing for  me  a  one-tenth  objective,  which,  upon  his  new  plan, 
is  to  be  provided  with  a  tube  so  arranged  as  to  admit  of  the 
removal  of  the  rear  combination,  and,  in  place  of  the  one  or- 
dinarily used,  one  is  to  be  substituted  at  will  which  shall  bring 
to  one  focus  the  actinic  rays. 


Art.  XXXVIII. — Notes  on  Coal  and  Iron  Ore  in  the  State  of 
Querero^  Mexico ;  by  the  late  N.  S.  Manross.  (From  an  un- 
published Report  dated  May,  1857). 

Thb  region  here  described  is  situated  near  the  Pacific  coast, 
just  west  of  the  meridian  of  the  city  of  Mexico,  extending  170 
miles  west  of  this  line,  and  about  76  miles  from  the  coast. 

We  have  not  succeeded  in  proving  that  true  coal  exists  in 
this  part  of  Mexico.  Of  the  reported  localities  which  we  ex- 
amined, the  firsts  that  of  Chilpaucingo,  proved  to  be  a  bed  of 
soft  and  peaty  brown  coal,  which  might  answer  perhaps  for  local 
purposes,  but  would  not  bear  transportation.  The  second^  near 
Huetamo,  was  an  irregular  vein  of  asphaltum  resembling  the 
"  Albert  Coal"  of  Nova  Scotia.  The  slates  here  bore  a  strong 
resemblance  to  those  of  the  Coal-measures.  Other  rumored  de- 
posits in  Tempantitlan  and  Los  Nuevos  turned  out  to  be  in  one 
case  pitchstone,  and  in  the  other  black  tourmaline.  The  people 
Am.  Jour.  Sol—Sbcomd  Sbbim,  Vol.  XXXIX,  No.  117.— Mjit,  1866. 
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of  the  country  have  so  little  idea  of  what  coal  really  is,  that 
they  are  liable  to  mistake  any  black  mineral  for  it.  Their  in- 
formation is  therefore  very  unreliable,  and  it  is  always  best  to 
conduct  any  examinations  for  coal  by  sections  without  regard  to 
their  reports.  I  am  still  of  the  opinion  that  true  coal  may  be 
found  in  this  country.  The  Carboniferous  or  Mountain  lime- 
stone is  largely  developed  here ;  and  we  have  seen  in  several 
places  shales  and  sandstones  which  in  their  lithoiogical  character 
strongly  resemble  those  of  the  Coal-measures  in  other  countries. 
What  is  still  lacking  is  the  evidence  of  fossils,  to  prove  that  a 
coal  vegetation  has  once  existed  in  these  latitudes. 

Our  examinations  for  the  metals  have  been  highly  successful. 
Iron  ores  of  the  very  best  quality,  and  inexhaustible  in  quantity, 
have  been  found  in  six  different  localities.  The  first  is  situated 
at  a  distance  of  four  leagues  from  the  town  of  Mescala.  It  is  a 
vein  25  feet  wide,  and  nearly  vertical,  and  consists  of  solid  mag- 
netic ore.  We  have  specimens  from  other  similar  veins  in  the 
vicinity,  which  we  haa  not  time  to  visit.  There  is  no  doubt  of 
an  abundant  supply  of  ore  in  this  region,  and  it  could  be  readily 
transported  to  the  river.  It  derives  importance  from  the  fact 
that  it  is  upon  the  present  direct  road  from  Mexico  to  Acapulco. 

The  second  great  deposit  is  the  Cerro  Yman,  or  Magnet  moun- 
tain, of  Las  Anonas  Grandes,  near  Coyuca.  This  is  also  about 
four  leagues  from  the  river.  It  is  a  mountain  of  iron  ore,  fully 
equal  to  the  celebrated  ore  of  Missouri.  It  is  about  800  feet  high, 
half  a  mile  long,  and  fully  one-third  of  its  bulk  is  pure  magnetic 
ore.  It  also  contains  a  bed  of  limestone  in  its  summit.  It  is 
owned  by  a  company  who  have  some  small  furnaces  near  it,  and 
are  producing  small  quantities  both  of  iron  and  steel  from  it. 

Two  other  deposits,  those  of  San  Francisco  and  Singungao 
[Singangeo?],  situated  near  each  other,  may  be  classed  together 
as  a  Oiird  great  locality.  They  are  about  two  miles  apart  and 
about  the  same  distance  from  the  Mescala  river.  That  of  San 
Francisco  is  a  conical  hill  about  150  feet  high,  consisting  princi- 
pally of  pure  magnetic  ore.  Its  surface  is  covered  with  loose 
blocks  of  the  same,  from  one  to  five  feet  in  diameter.  That  of 
Singungao  covers  several  acres  near  the  summit  of  a  mountain 
six  or  eight  hundred  feet  above  the  river.  Besides  paving  the 
ground  over  this  space  with  large  blocks  of  ore,  the  vein  throws 
up  several  piles  of  ore  in  masses  of  ten  or  twelve  feet  diameter. 
Taken  together  or  singly,  these  deposits  are  capable  of  yielding 
an  unlimited  supply  of  the  very  best  ore.  They  are  not  workea 
at  all  at  present.  A  fourth  great  deposit  was  met  with  near 
Villadero,  within  a  day's  ride  of  Zacatula.  Here  a  bed  of  ore 
four  hundred  yards  long  and  one  hundred  wide  occupies  the 
side  and  crosses  the  summit  of  a  low  hill.  The  surface  is  made 
up  of  blocks  of  pure  ore  from  three  to  five  feet  in  diameter. 
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The  country  around  is  well  wooded  and  nearly  level  from  this 
place  to  the  Pacific. 

The  Jifth^  and,  all  things  considered,  the  finest  deposit  we  have 
seen,  is  situated  near  Chutla,  on  the  road  from  Zacatula  to  Aca- 
pulco.  It  is  not  more  than  three  miles  in  a  direct  line  from  the 
sea,  and  not  more  than  six  from  a  bay  which  affords  a  good  and 
safe  anchorage  and  landing.  This  deposit  extends  along  the  side 
of  a  mountain  for  more  than  a  quarter  of  a  mile,  is  several  hun- 
dred feet  wide  and  affords  masses  of  ore  of  all  sizes  from  ledges 
down  to  pebbles.  The  highest  point  of  the  bed  is  about  150  feet 
above  the  adjoining  plain.  On  the  upper  side  the  deposit  is 
bounded  by  a  thick  bed  of  soft  limestone,  affording  an  easy  sup- 
ply of  flux.  The  ore  is  pure  magnetic,  and  is  the  finest  we  have 
seen.  The  country  ground  for  many  leagues  has  a  fertile  soil 
and  is  covered  with  dense  forests  of  hard  woods,  which  would 
produce  an  unfailing  supply  of  the  best  charcoal.  This  location 
nas  special  advantages  in  the  quality  and  quantity  of  the  ores, 
the  convenience  of  fluxing  materials  and  fuel,  and  the  nearness 
of  a  good  landing,  with  the  whole  of  the  Pacific  coast  for  a  mar- 
ket. I  see  no  reason  why  the  best  qualities  of  charcoal  iron 
could  not  be  produced  here  as  cheaply  as  elsewhere,  with  the  ad- 
vantage of  freight  and  duties  over  any  foreign  competition  in  the 
supply  of  the  Pacific  coast  of  Mexico,  and  to  a  considerable  ex- 
tent also  of  the  interior. 

One  other  large  deposit  of  iron  was  passed  over,  on  the  shore 
between  Petatlan  and  Ooyuguilla.  It  is  a  hill  of  large  blocks  of 
ore,  situated  immediately  upon  the  shore,  and  beaten  by  a  heavy 
surf.  The  ore  was  not  seen  in  place,  but  the  quantity  was  suf- 
ficient to  show  that  a  very  large  bed  of  it  exists  in  the  hill. 
The  beach  for  several  miles  was  blackened  by  sand  derived  firom 
the  disintegration  of  the  ores. 

We  have  information  of  another  large  deposit  of  iron  ore, 
near  the  Hacienda  of  General  Alvarez,  which  we  may  perhaps 
see  on  our  way  to  Mexico. 

The  occurrence  of  so  many  and  so  rich  deposits  of  iron,  so 
widely  distributed  over  the  country,  is  interesting,  from  the  as- 
surance it  gives  that,  whenever  coal  shall  be  discovered,  there 
will  be  no  want  of  iron  ore  within  accessible  distance  of  it. 

Next  to  iron,  copper  appears  to  be  the  most  abundant  metal 
in  this  portion  of  Mexico.  I  shall  defer  to  another  occasion  a 
description  of  the  many  localities  of  this  metal  which  we  have 
seen.  One  mine,  that  of  Inguaran,  has  been  worked  since  the 
time  of  the  conquest,  and  is  still  producing  well,  though  worked 
without  the  aid  of  machinery.  Others  in  the  same  neighbor- 
hood, said  to  be  equally  rich,  are  entirely  idle.  The  speci- 
mens and  information  which  we  have  collected  are  sufficient  to 
convince  me  that  this  portion  of  Mexico  is  one  of  the  richest 
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copper  districts  in  the  world.  Silver  and  lead  ores  occur  in 
abundance,  but  I  will  not  undertake  to  describe  here  the  various 
localities  of  them  which  we  have  seen,  or  the  specimens  which 
we  have  collected. 

I  am  fully  convinced  that  this  portion  of  Mexico,  when  prop- 
erly opened  by  the  application  of  intelligent  enterprise,  will  prove 
one  01  the  richest  mining  regions  of  America. 


Art.  XXXIX. — Numerical  Belations  of  Oraviiy  and  Magnetism; 
by  Pliny  Earle  Chase,  M.A.,  S.P,A.S.* 

In  the  fifth  century  before  the  Christian  era,  Leucippus  and 
his  disciple  Democritus  taught  that  heat  is  the  soul  of  the  world, 
the  principle  of  life  and  intelligence,  and  that  space  is  an  infi- 
nite plenum,  pervaded  by  material  atoms  too  minute  to  be  per- 
ceptible to  the  senses,  which,  by  their  constant  motions,  unions, 
and  separations,  form  the  beginnings  and  ends  of  things.  In 
this  theory,  which  is  said  to  have  been  borrowed  from  the 
priests  of  Isis  and  Osiris,  we  may  trace  the  origin  of  the  modern 
belief  in  a  universal  kinetic  aether,  and  of  the  attempts  to  re- 
solve all  forces  into  '*  modes  of  motion,"  which  were  practically 
inaugurated  by  our  own  countryman,  Benjamin  Thompsoa, 
Count  Bumford,  and  which  have  been  so  successfully  prosecuted 
by  Carnot,  Seguin,  Mayer,  Colding,  Joule,  Grove,  ana  their  col- 
laborators. 

The  mutual  convertibility  of  Light,  Heat,  Electricity,  Mag- 
netism, Chemical  Affinity,  and  Vital  Energy,  may  be  now  re- 
carded  as  one  of  the  most  probable  physical  hypotheses.  Fara- 
day has  endeavored  also  to  connect  gravitation  and  magnetism 
or  electric  action  by  experimental  results,  but  in  vain.  Still, 
the  conviction  of  such  a  connection  is  almost  irresistible,  and 
various  physicists  have  given  us  incidental  pointings  in  that 
direction.  Ampere  discovered  the  magnetic  eflfect  of  electric 
currents  circulating  around  iron  bars;  Arago,  whose  experi- 
naente  were  repeat^  and  extended  by  Babbage,  Herschel,  Bar- 
low, Christie,  and  others,  showed  that  simple  rotation  produces 
TBagnetic  disturbances  which  are  governed  by  fixed  laws;  the 
distribution  of  induced  magnetism  in  masses  of  iron,  as  deter- 
mined by  Barlow  and  Lecount,  is  the  same  as  would  follow  from 
the  relative  centrifugal  motions  of  different  portions  of  the 
earth,  provided  the  magnetic  axis  corresponded  with  the  axis  of 
rotation ;'  Hansteen  su^eoted,  and  Sabine  practically  demon- 

^  From  tbe  Proceedingo  of  the  Ainerican  Philosophical  Society,  Dec.  16,  1864. 
Hie  Mngellanic  Gold  Medal  was  awarded  the  author  for  thin  memoir. 

*  This  fact  ^iias  first  annotwoad  hj  Jne,.at  ihe  .Sociotj's  meeting,  April  1«,  1864. 
See  Fffoc.  ▲.  P.  S.,  iz,  86.7. 
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Rtrated,  the  influence  of  the  sun  upon  terrestrial  magnetism; 
Secchi  ascertained  that  "  the  diurnal  excursion  of  the  needle  is 
the  sum  of  two  distinct  excursions,  of  which  the  first  depends 
solely  on  a  horary  angle,  and  the  second  depends,  besides,  on 
the  sun's  declination,"*  and  that  "all  the  phenomena  hitherto 
known  of  the  diurnal  magnetic  variations  may  be  explained  by 
supposing  that  the  sun  acts  upon  the  earth  as  a  very  powerful 
magnet  at  a  great  distance."* 

This  hypothesis  has  been  objected  to,  on  the  ground  that  it  is 
difficult  to  understand  how  any  conceivable  intensity  of  solar 
magnetism,  by  its  simple  induction,  could  produce  so  great  a 
disturbance  as  is  daily  observed.  Therefore  it  will  probably 
follow  the  fate  of  the  earlier  ones,  which  attributed  terrestrial 
magnetism  to  one  or  more  powerful  magnets  lying  nearly  in 
the  line  of  the  earth's  axis,  while  Barlow's  idea  that  the  mag- 
netism is  superficial,  and  in  some  manner  induced,*  will  still  re- 
main in  the  ascendant.  Secchi's  conclusions  are,  however,  none 
the  less  interesting,  and  from  the  fact  that  magnetism  is,  like 

fravity,  a  central  force,  varying  inversely  as  the  square  of  the 
istance,  they  lend  encouragement  to  those  who  are  endeavoring 
to  find  new  evidences  of  the  unity  of  force. 

My  own  experiments  and  researches  have  led  me  to  the  belief 
that  all  magnetism  is  a  simple  reaction  against  a  force  which  dis- 
turbs molecular  equilibrium,  that  the  numerical  equivalent  of 
the  magnetic  force  is  therefore  equal  and  opposite  to  that  of  the 
disturbing  force,  (d=M==FD),  and  that  all  the  phenomena  of 
terrestrial  magnetism  result  from  tidal  and  thermal  changes  in 
terrestrial  gravitation. 

Sullivan*  and  Eeiusch^  have  pointed  out  the  efiect  of  musical 
vibrations  upon  the  magnetic  needle,  and  I  have  shown  the  con- 
trolling influence  of  a  purely  mechanical  polarity.*  A  careful 
examination  of  the  polarizing  thermal  imd  rotation  currents,* 
will  show  that  the  spirals,  which  they  have  a  tendency  to  pro- 
duce, are  quasi  horizontal  cyclones,  one  set  flowing  in  a  nearly 
constant  direction  along  the  magnetic  meridian,  and  the  other 
toward  the  momentarily  shifling  solar  meridian.  From  an  in- 
vestigation of  these  currents  and  a  comparison  of  various  obser- 
vations, I  have  deduced  the  following  theses  : 

I.  The  daily  magnetic  variations,  though  subject  to  great  dis- 
turbances, at  different  hours,  show  an  average  approximation  to 
the  diflFerences  of  the  gravitation-tidal  currents. 

Hoars  from  Mean,        -        -        -        -         Ih.  5h.         31l 

Means  of  Theoretical  Ratios,     .         -         -     '500         '866         1 
**       "  Observed  <•     .         -         -         -563         -865         1 

•  Phil.  Mag.  [4],  viii,  896.  *  Ibid,  ix,  462.  »  Phil.  Trans.,  1881. 

•  See  De  la  RiTe*t  Eleciricity,  ii,  685.  '  Phil  Mag.  [4],  xiii,  222. 

•  Proc  A.  P.  S.,  ix.  869.  •  Ibid.,  p.  861  seq. 
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II.  Marked  indications  of  an  accelerating  force  are  discover- 
able in  the  magnetic  fluctuations,  especially  during  the  hours 
when  the  sun  is  above  the  horizon. 

Hours  from  Mean,           -         -         -         -         Ih.  2h.  3h. 
Mean  Ratios  of  Hourly  Tidal  Differences,  -     100  73  27 
**        "      "   Squares  of  Hourly  Mag- 
netic Differences,           -         100  74  26 

See  also  Thesis  V. 

III.  There  are  lunar-monthly  barometric  and  magnetic  tides, 
which  may  be  explained  by  differences  of  weight  or  momentum,'* 
occasioned  by  the  combined  influences  of  solar  and  lunar  attrac- 
tion, and  terrestrial  rotation. 

IV.  The  solar  diurnal  variations  of  magnetism  between  noon 
and  midnight  are  nearly  identical  in  amount  with  the  variations 
of  weight  produced  by  solar  attraction  at  the  same  hours. 

The  ratio  of  the  solar  to  the  terrestrial  attraction  for  any  par- 
ticle at  ihe  earth's  surface,  being  directly  as  the  mass,  and  inverse- 
ly as  the  square  of  the  distance  (M-7-R«=354,936^23,000»),  is 
•00067.  The  weight  of  any  particle  is  therefore  increased  by 
this  proportionate  amount  at  midnight,  and  diminished  in  the 
same  proportion  at  noon,  making  a  total  half-daily  variation  of 
•00134  in  the  atmospheric  weight,  and  consequently,  according 
to  my  theory,  in  the  terrestrial  magnetism. 

Theoretical  variation,  -00134.     Observed  variation,  -00138. 

V.  The  magnetic  variations  at  intermediate  hours,  between 
noon  and  midnight,  indicate  the  influences  of  an  accelerating 
force,  like  that  of  gravity,  modified  by  fluctuations  of  tempera- 
ture, and  by  atmospheric  or  aetherial  currents. 

Everv  particle  of  air  may  be  regarded  as  a  planet  revolving 
about  the  sun,  in  an  orbit  tnat  is  disturbed  by  terrestrial  attrac- 
tion and  other  causes.  In  consequence  of  these  disturbances, 
there  is  an  alternate  half-daily  fall  toward  the  sun,  and  rise  from 
the  sun.  By  the  laws  of  uniformly  accelerated  and  retarded 
motions,  the  mean  fall  and  the  consequent  mean  magnetic  dis- 
turbances should  occur  at  12*>-^  v/2=8*>  29'  from  midnight. 

Theoretical  mean,  S**  29'.    Observed  mean,  8*»  81'. 

VI.  Some  of  the  magnetic  influences  appear  to  be  transmitted 
instantaneously,  through  the  rapid  pulsations  of  the  kinetic 
aether;  others  gradually,  through  the  comparatively  sluggish 
vibrations  of  the  air. 

VII.  The  comparative  barometric  disturbances  of  the  sun  and 
moon  exhibit  an  approximate  mean  proportionality  between 
their  comparative  differential-tidal  and  magnetic  disturbances. 

Let  the  solar  differential-tidal  force  be  represented  by  A',  and 

>*  I  beliere  there  can  be  do  freight  without  some  degree  of  momentum.  See 
Froc.  A.  P.  a,  iz,  867. 
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the  lunar  by  A",  the  respective  barometric  disturbances  by  B' 
and  B",  and  the  magnetic  disturbances  by  M'  and  M".  If  M' 
and  B"  are  required,  we  have 

A'-T-A"      B'  B"  M'  M" 

Theoretical  values,  -00012     -00144 

Observed         **  2*55       -00067     -00013     -00140     -0000266 

VIIL  The  theoretical  gravitation-variation  of  magnetism 
(Prop.  IV)  is  slightly  less,  while  the  theoretical  Barometric  vari- 
ation (Prop.  VII)  is  slightly  greater,  than  the  corresponding  ob- 
served variation.  The  excess  in  one  case  exactly  counterbal- 
ances the  deficiency  in  the  other,  the  sum  of  the  theoretical  be- 
ing precisely  equal  to  the  sum  of  the  observed  variations. 

IK.  The  total  daily  magnetic  variations,  like  the  barometric, 
can  be  resolved  into  a  variety  of  special  tides,  which  may  be 
severally  explained  by  well-known  constant  or  variable  current- 
producing  and  weight-disturbing  forces. 


Hours 

from 

MidiiighL 


0 

6 

12 


A 

Theoretical 

Gravitation 

Tide. 


-•00067 

-00000 

-f-00067 


B 

Theoretical 
Didbrential 
Solar  Tide. 


+  00024 
-•00024 
+  00024 


A+B 

Theoretical 

Mean 

Tide. 


-•00048 
-•00024 
+■00091 


Observed 
Mean 

Tide. 


-00043 

-•00023^ 

+-00095 


The  hours  are  counted  from  midnight,  in  each  half-day. 

Column  A  contains  the  hourly  diflFerences  from  mean  weight, 
attributable  to  solar  gravitation,  with  changed  signs ;  diminution 
of  weight  being  accompanied  by  increase  of  magnetism,  and 
vice  versa. 

The  form  of  the  tide  in  column  B  is  evidently  such  as  should 
be  determined  by  solar  action.  The  magnitude  of  the  tide  is  es- 
timated by  comparing  the  relative  amounts  of  motion  down  the 
diagonal  and  down  the  arc  of  a  quadrant  ('OOOeTxp  — (J— i)] 
=•00048).  The  mean-tidal  difference  [(-00067- -00048) -r- 2]  is 
very  nearly  ecjuivalent  to  the  average  theoretical  inertia-disturb- 
ance of  weight.  The  atmospheric  inertia  at  St.  Helena,  (regard- 
ing the  fluctuations  as  uniform  between  successive  hourly  obser- 
vations,) produces  retardations  of  59',  85',  26',  and  31',  at  0\  Q\ 
12*»,  and  18^  respectively.  The  mean  retardation  is  50',  or  -fj 
of  a  half-day.  The  theoretical  daily  gravity-variation  being 
•00134,  the  average  variation  in  ^r*^  of  a  half-day  is  '00009^1,  the 
mean  tidal  difference  being  -00009^. 

The  consideration  of  the  moon's  disturbance  of  the  atmos- 
pheric gravitation  is  complicated  by  the  magnitude  of  its  differ- 
ential attraction,  the  position  of  the  center  of  gravity  of  the  ter- 
restrial system,  the  varying  centrifugal  force,  and  other  circum- 
stances involved  in  the  lunar  theory.  Still  there  are  indications, 
in  the  following  synopsis,  of  the  influence  of  gravity,  sufficiently 
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striking  to  encourage  a  hope  that  our  knowledge  of  the  moon's 
perturbations  may  be  improved  by  a  thorough  comparative  study 
of  the  lunar  astronomical,  atmospheric,  and  magnetic  tables. 


Lunar -daily  disturbance*  of  Magnetic  Force  at  St,  Helena,  in 
of  the  total  force. 
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The  above  table  shows,  that 

1.  The  moon's  attractive  force  (M+R»=-016+60«=-000004) 
multiplied  by  the  coefficient  of  its  differential  attraction  (2*56) 
gives  '0000113,  which  is  nearly  the  same  as  the  mean -meridional 
magnetic  disturbance  [(•000005+-000016)+2=-0000105]. 

2.  The  increase  of  magnetism  at  12**  is  nearly  equivalent  to 
the  attractive  force,  multiplied  by  the  square  of  the  distance 
from  the  center  of  gravity  of  the  system,  and  divided  by  the 
square  of  the  earth's  radius  ('OOOOO^X  7707* +3963'  =0000168). 

3.  There  is  a  tendency  to  equality  of  disturbances  on  each 
side  of  the  meridian  at  i^  and  %\  as  in  the  solar  magnetic  tide, 

4.  The  greatest  disturbance  occurs^t  the  hours  of  10*>  and  11*> 
p.  M.,  both  in  the  solar  and  in  the  lunar  tide. 

5.  There  are  some  indications  of  an  increase  of  gravity,  and 
decrease  of  magnetic  force,  when  the  tidal  flow  is  toward  the 
center  of  gravity  of  the  terrestrial  system,  and  vice  versa, 

6.  The  rotation-tide  has  the  customary  quarter-daily  phases 
of  alternate  increase  and  diminution. 

X.  The  phenomena  of  magnetic  storms  indicate  the  existence 
of  controlling  laws,  analogous  to  those  which  regulate  the  nor- 
mal fluctuations.  See  Proceedings  Amer.  PhiL  Soc.,  Oct  21, 
1864. 

The  foregoing  comparisons  have  been  based  on  Gen.  Sabine's 
discussions  of  the  St.  Helena  records.  It  would  be  desirable,  if 
it  were  possible,  to  confirm  them  by  observations  at  other  sta- 
tions near  the  equator ;  but  the  need  of  such  confirmation  is  in 
great  measure  obviated,  by  the  variety  of  ways  in  which  I  have 
shown  the  probable  connection  of  gravity  and  magnetism.  At 
extra-tropical  stations,  the  rotation  tide  becomes  so  prepondera- 
ting that  it  is  difficult  to  trace  the  diminished  gravitation-  and 
differential-tides,  still  I  shall  look  confidently  to  a  fuller  devel- 
opment of  the  theory  of  tidal  action,  for  future  additional  sup- 
port to  my  views. 
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Art.  XL.— On  the  Origin  and  Formation  of  Prairies;  by  Leo 

Lesquereux. 

This  paper  is  intended  as  a  review  of  Prof.  Wincheirs  new 
theory  on  the  origin  of  the  prairies  of  the  Mississippi  Valley,* 
and  as  a  defense  of  my  own  views  on  the  same  subject.*  I  shall 
therefore  omit  all  details  relative  to  the  surface  of  prairies,  their 
conformation  and  appearance,  and  their  geological  and  geograph- 
ical distribution,  since  these  details  do  not  directly  concern  the 
elucidation  of  the  question.* 

From  the  brief  mention  made  of  my  opinion  concerning  the 
formation  of  prairies,  it  appears  to  have  been  misunderatood 
by  those  who  nave  quoted  it,  or  rather  it  was  entirely  unknown 
to  them.  For  this  reason  it  is  advisable  to  first  expose,  as  they 
were  originally  given,  the  essential  points  of  a  simple  explana- 
tion,  which  does  not  merit  to  be  spoken  of  as  a  theory.  I 
merely  translate  from  my  letter  to  Professor  Desor: 

"  You  well  know  that  prairies  are  at  our  time  in  process  of 
formation  along  the  shores  of  the  Lakes : — Lake  Michigan,  Lake 
Erie,  etc.  and  also  along  the  Mississippi  and  some  of  its  afflu- 
ents, especially  the  Minnesota  river.  The  formation  of  these 
recent  prairies,  whose  extent  is  not  comparable  to  that  of  the 
primitive  ones,  is  peculiar,  and  has  a  great  analogy  to  that  of 
peat  bogs.  Where  the  waves  of  the  lakes,  or  their  currents, 
strike  the  shores  or  the  low  grounds,  and  heap  materials,  such 
as  sand,  pebbles,  mud,  etc.,  they  build  up  more  or  less  eleva- 
ted dams  or  islands,  which  become  covered  with  trees  as  soon 
as  they  are  raised  above  water.  These  dams  are  not  always 
built  upon  the  shores,  and  do  not  always  even  follow  their  out- 
lines, but  often  enclose  wide  shallow  basins,  whose  water  is  thus 
sheltered  against  any  movement.  There  the  aquatic  plants, 
sedges,  rushes,  grasses,  soon  appear,  and  these  basins  become 
swamps,  as  may  be  seen  near  the  borders  of  Lake  Michigan. 
Though  the  forests  may  surround  them,  the  trees  do  not  invade 
them,  even  when  the  swamps  become  drained  by  some  natural 
or  artificial  cause. 

"Along  the  Mississippi  and  Minnesota  rivers,  the  same  phe- 
nomenon is  observable,  with  a  difference  only  in  the  process  of 
operation.  During  a  flood,  the  heaviest  particles  of  mud  are 
deposited  on  both  sides  of  the  principal  current,  along  the  line 
of  slack  water,  and  by  repeated  deposits,  dams  are  slowly  formed 

*  This  Journal  [2].  xxxviii.  882. 

*  Letter  to  Prof.  Desor  In  Bull  de  la  Soc  des  Sd.  Nat  de  NeuchateU  Dec.  1856. 
'  Prof.  Whitney  in  the  1st  Chap,  of  the  Report  of  the  Oeological  Surrey  of  the 

State  of  Iowa  has  giren  a  clear  and  rery  accurate  descriptive  account  of  the  prairies. 

Asc.  Jour.  Soi.— Sscond  Ssribs,  Vol.  XXXU  ,  No.  117.— Mat,  1865. 
41 
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and  upraised  above  the  general  surface  of  the  bottom  land. 
Thus,  after  a  time,  the  water  thrown  on  the  bottoms  by  a  flood, 
is,  at  its  subsidence,  shut  out  from  the  river,  and  both  sides  of  it 
are  converted  into  swamps,  sometimes  of  great  extent.  Seen 
from  the  high  bluflfa  bordering  its  bottom  lands,  the  bed  of  the 
Minnesota  river,  in  the  spring,  is  marked  for  miles  by  two  nar- 
row strips  of  timbered  land  bordering  the  true  channel  of  the 
river  and  emerging  like  fringe  in  the  middle  of  a  long  continu- 
ous lake.  In  the  summer,  and  viewed  from  the  same  point,  the 
same  bottoms  appear  transformed  into  a  green  plain,  whose 
undulating  surface  resembles  immense  fields  of  unripe  wheat 
In  reality,  they  are  impassable  swamps  covered  with  sedges, 
rushes,  and  coarse  grasses.  By  successive  inundations,  they 
become,  by  and  by,  elevated  above  the  level  of  the  river.  They 
then  dry  up  in  summer,  mostly  by  infiltration  and  evaporation, 
and  when  out  of  the  reach  of  the  floods,  they  become  at  first 
wet,  and  afterward  dry,  prairies.*  In  that  way,  admirable  loca- 
tions for  river  towns  have  been  made.  On  the  Mississippi, 
Prairie  du  Chien,  Prairie  la  Fourche,  Prairie  la  Crosse,  etc.,  are, 
as  indicated  by  their  names,  towns  located  on  formations  of 
this  kind. 

"  These  splendid  patches  of  praries,  though  of  a  far  more  re- 
cent origin  than  the  immense  plains  above  them,  are  neverthe- 
less true  prairies.  Although  bordered  on  one  side  by  the  high- 
timbered  banks  of  the  bottoms,  and  still  separated  by  a  fringe  of 
trees  from  the  actual  bed  of  the  river,  yet  the  trees  do  not  enter 
them.  This  peculiarity  of  formation  explains  first  the  peculiar 
nature  of  the  soil  of  the  prairies.  It  is  neither  peat  nor  humus. 
It  is  a  black,  soft  mould,  impregnated  with  a  large  proportion  of 
ulmic  acid,  produced  by  the  slow  decomposition,  mostly  under 
-water,  of  aquatic  plants,  and  thus  partaking  as  much  of  the 
nature  of  peat  as  of  that  of  true  humus.  In  all  the  depressions 
of  the  prairies,  where  water  is  permanent  and  unmixed  with 
particles  of  mineral  matter,  the  ground  is  true  peat. 

"  It  is  easy  to  understand  why  trees  cannot  grow  on  such  kind 
of  ground.  The  germination  of  the  seeds  of  arborescent  plants 
needs  the  free  access  of  oxygen  ;  and  the  trees,  especially  when 
they  are  young,  absorb  by  the  roots  a  great  amount  of  air,  and 
demand  a  solid  point  of  attachment  to  fix  themselves.  Moreover, 
the  acid  of  this  kind  of  soil,  by  its  particularly  antiseptic  prop- 
ertv,  promotes  the  vegetation  of  a  peculiar  group  of  plants  most- 
ly heroaceous.  Of  all  the  trees,  the  tamarac  is  the  only  species 
which,  in  our  northern  climate,  can  grow  on  a  peaty  grouna,  and 
this  even  happens  only  under  rare  and  favorable  circumstances, 

*  The  lowest  part  of  these  flarial  prairies  is  of  course  farthest  from  the  rivers 
along  the  bluffs.  Here,  generally,  the  percolation  of  water  through  the  banks  forms 
springs  and  deeper  swamps,  which  are  often  transformed  into  peat  bogs. 
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that  is,  when  stagnant  water,  remaining  at  a  constant  level,  has 
been  invaded  by  the  Sphagnum,  By  their  absorbing  power,  their 
continuous  growth  and  the  rapid  accumulation  of  their  remains, 
these  mosses  slowly  raise  the  surface  of  the  bogs  above  water, 
and  it  is  then,  in  this  loose  around,  constantly  humid  but  accessi- 
ble to  atmospheric  action,  that  the  tamarac  appears/ 

"  Now,  let  us  examine  the  prairies  according  to  this  idea  of 
their  formation,  and  see  if,  from  the  first  trace  of  their  origin  to 
their  perfect  completeness,  there  is  any  thing  in  their  local  or 
general  appearance  which  is  not  explained  by  it  or  does  not  agree 
with  it 

**  The  bay  of  Sandusky  is  now  in  process  of  transformation 
into  prairies,  and  is  already  sheltered  against  the  violent  action 
of  the  lake  by  a  chain  of  low  islands  and  sand-banks,  most  of 
them  covered  with  trees  since  a  long  time,  at  least,  judging  from 
the  size  of  the  trees.  All  these  islands  are  built  up  with  the 
same  kind  of  material,  that  is,  with  lacustrine  deposits,  either 
moulded  into  low  ridges  under  water,  or  brought  up  and  heaped 
by  waves  and  currents.  Around  the  bay,  especially  to  the 
southwest,  there  are  extensive  plains  coverea  with  shallow  water. 
The  bottom,  in  the  depression  toward  the  lake  and  where  the 
aquatic  vegetation  is  onlv  at  its  origin,  is  sandy  clay.  But,  in 
the  more  shallow  places,  the  clay  is  already  muddy  and  blackened 
at  its  surface  by  the  detritus  of  the  herbaceous  vegetation  which 
has  grown  upon  it.  Farther  toward  the  borders,  and  in  propor- 
tion to  the  shallowness  of  the  water,  the  detritus  thickens,  and 
still  farther,  we  have  wet  prairies,  with  exactly  the  same  vegeta- 
tion as  that  of  the  lake  swamps,  and  a  black  soil  with  a  substra- 
tum of  clay,  the  same  materials  also  as  those  of  both  the  deeper 
and  more  shallow  swamps  of  the  lakes.  In  receding  from  the 
borders  of  the  lake  toward  the  high  prairies,  the  transition  from 
wet  to  dry  prairies  is  by  so  insensible  degrees  that  it  would  be 
impossible  to  fix  a  point  of  sc^paration  between  them.  All  the 
surface  appearances  are  the  same.  Vegetation  is  here  and  there 
modified  by  the  presence  of  some  peculiar  species  of  herbaceous 
plants,  but  nothing  else.  The  homogeneousness  of  the  soil  is 
still  more  striking.  There  is  the  same  kind  of  clay  as  subsoil, 
and  this  is  overlaid  by  the  same  kind  of  black  spongy  mould. 
And  if  here  and  there  you  see  knolls  covered  with  trees,  the 
cuts  of  the  railroad  show  that  the  materials  of  which  they  are 
formed  are  a  diflferent  compound  from  the  ground  of  the  prai- 
ries, even  if  they  are  scarcely  elevated  above  the  general  level, 
and  that  they  are  of  the  same  nature  and  of  the  same  formation 
with  those  of  the  low  wooded  islands  of  the  lake. 

On  the  borders  of  the  numerous  lakes  which  dot  the  high 

^  Id  my  letter  to  Prof.  Desor,  this  question  is  discussed  at  length.  I  have  omit- 
ted here  the  details,  as  they  are  unnecessary  for  the  elucidution  of  the  subject. 
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rolling  prairies,  capecially  in  Minnesota,  the  process  of  forma- 
tion of  the  prairies  is  repeated  in  the  very  same  way.  These 
lakes  are  of  every  size,  sometimes  small  and  circular,  true 
ponds;  sometimes  thirty  to  forty  miles  in  circumference,  and  in 
this  case  shaping  the  outlines  of  their  shores  according  to  the 
undulations  of  the  prairies;  divided  into  innumerable  shallow 
branches,  mere  swamps,  covered  with  water  plants,  and  empty- 
ing themselves  irom  one  to  another;  passing  thus  by  slow  de- 
grees toward  rivers,  not  by  well  marked  channels,  but  by  a  suc- 
cession of  extensive  swamps.  These  are  the  sloughs  which 
separate  the  knolls  of  the  prairies — ^so  to  speak,  the  low  grounds 
of  the  rolling  prairies.  They  are  nearly  dry  in  summer,  but  in 
the  spring  are  covered  by  one  to  three  feet  of  water.  Their 
vegetation  is  merely  sedges  and  coarse  grasses.  I  have  never 
seen  fishes  in  these  sloughs,  but  plenty  of  crawfishes  and  a 
great  quantity  of  freshwater  shells.*  Wherever  the  borders  of 
ihe  lakes  are  well  shaped,  not  confounded  with  or  passing  into 
swamps,  they  rise  from  five  to  six  feet  above  the  level  of  the 
water  and  are  timbered,  mostly  with  oak  and  hickory.  This 
elevated  margin  is  more  generally  marked  on  the  eastern  sides 
of  the  lakes,  a  record  of  the  action  of  the  waves  under  the 
dominant  winds.  Or  it  is  shaped  as  a  low  range  of  hills  sur- 
rounding the  lakes,  and  is  due  then  to  original  irregularities  of 
the  surface.  The  materials  are  the  same  as  tlwse  of  the  dams, 
or  low  islands,  of  the  great  lakes;  indeed,  the  same  as  those  of 
the  under  bottoms  of  the  swamps,  or  those  over  which  the  prai- 
ries have  been  formed.  But  they  have  been  removed  from  the 
influence  of  stagnant  water:  this  is  the  only  difierenee." 

"From  all  th^e  remarks,  what  other  conclusion  can  we  de- 
duce but  that  all  the  prairies  of  the  Mississippi  valley  have  been 
formed  by  the  slow  recession  of  sheets  of  water  of  various  ex- 
tent, first  transformed  into  swamps,  and,  by  and  by,  drained  and 
dried.  The  high  and  rolling  prairies,  the  prairies  around  the 
lakes,  those  of  the  bottoms  along  the  rivers,  are  the  results  of 
the  same  cause,  and  form  a  whole,  an  indivisible  system."' 

"  To  this  assertion  you  will  object,  I  suppose,  and  say :  How 
is  it  that  the  prairies  are  oot  everywhere  perfectly  horizontal; 
and  as  there  is  some  unevenfless  of  surface,  have  these  undula- 
tions not  been  formed  like  the  low  islands  or  high  borders  of 
the  lakes,  and  why  then  are  they  not  timbered?" — "I  believe 
that,  although  the  surface  of  the  prairies  may  be  now  undulated, 
it  was  originally  horizontal  enough  to  form  shallow  lakes,  and 

*  Especially  Planorhu  trivolviM,  P.  ItniuM^  Lymmea  appretna^  Z.  emarginata,  JL 
dfeidioM.  Say,  etc  The  bikes  4)ave  the  tame  ppeclefi,  vi\ih  maoy  bivalves,  and  a 
ipreat  abandaiice  of  iisbes,  especially  u^tfishcs  (Pimelodss), 

"*  At  water,  this  Jouroal,  i,  116,  1819,  and  Bourne,  ibid.,  ii,  80, 1820,  have  both 
eonsidered  the  prairies  as  originating  4fom  swanips,  unthout,  however,  giving  .an 
ezplaoAtioa  of  the  phenomeaoa. 
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then  swamps,  like  those  which  at  the  present  time  cover  some 
parts ^iong  the  shores  of  Lake  Erie,  Lake  Michigan,  etc.  "Where 
this  horizontality  has  disappeared,  it  is  only  by  very  slow  de- 
grees, under  the  eroding  action  of  water,  which,  in  its  slow 
movements,  tends  to  follow  every  change  of  level,  seek  an  out- 
let, and  so  establish  channels  of  drainage.  I  have  followed  for 
whole  days  the  sloughs  of  the  prairies,  and  have  seen  them  con- 
stantly passing  to  lower  and  well  marked  channels,  or  to  the  beds 
of  the  rivers,  by  the  most  tortuous  circuits,  in  a  manner  com- 
parable to  the  meanderings  of  some  creeks  in  nearly  horizontal 
valleys.  Indeed,  the  only  difference  is,  that,  in  the  high  prairies, 
there  is  not  a  definite  bed,  but  a  series  of  swamps,  extending, 
narrowing,  and  bending  in  many  ways.  The  explanation  ap- 
pears to  me  so  natural,  that  I  cannot  understand  how  high  prai- 
ries could  ever  be  perfectly  horizontal.  Along  the  lakes  and 
in  their  vicinity,  the  horizontality  is  a  necessary  consequence  of 
the  primitive  evenness  of  the  bottom  and  of  the  proximity  to 
water.  The  level  of  the  low  prairies  being  scarcely  above  that 
of  the  lakes,  their  surface,  after  an  overflow,  becomes  dry,  rather 
by  percolation  and  evaporation  than  by  true  drainage.  But 
wherever  the  rivers  have  cut  deeper  channels, — as  is  the  case  in 
the  north  part  of  the  Mississippi  basin,  where  they  run  some- 
times from  one  to  three  hundred  feet  lower  than  the  surface  of 
the  high  prairies — the  drainage  has  constantly  taken  place  to- 
ward those  deep  channels,  and  the  water,  though  its  movements 
may  be  very  slow,  furrows  the  surface  in  its  tortuous  meander- 
ings. From  this,  results  that  irregular  conformation  of  surface 
generally  and  appropriately  called  rolling.  In  Indiana  and  Illi- 
nois, in  the  vicinity  of  the  Wabash  river,  for  example,  there 
are  some  high  prairies  whose  surface  is  apparently  horizontal 
But  these  prairies,  as  at  Terre  Haute,  are  surrounded  by  a  mar- 
gin of  low  wooded  hills,  and  have  originally  been  shallow  lakes 
of  diflRcult  and  slow  drainage.  Moreover,  their  horizontality  is 
rather  apparent  than  absolute ;  some  parts  of  them  are  already 
dry  enough  to  be  cultivated  and  ploughed  in  the  spring;  some 
parts  are  used  as  wet  meadows,  and  still  others  are  covered 
with  water  and  inaccessible.  This  apparent  horizontality  results 
from  the  great  width  of  what  we  may  call  already  channels  of 
drainage.  These  will,  by  and  by,  contract  tmd  deepen,  and  thus 
the  prairie  become  undulating.  This  opinion  is  in  contradiction 
to  what  you  say  in  your  excellent  paper  on  the  drift  of  Lake 
Superior:  that  the  irregularities  of  surface  of  the  prairies  have 
been  caused  by  currents  at  the  time  when  they  were  under 
water.  If  the  ground  of  the  high  rolling  prairies  had  been 
prepared  in  advance,  as  you  suppose,  the  prominent  parts  or 
the  knolls  would  have  been  timbered  like  the  low  islands  of 
the  lakes." 
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Next  follows,  in  my  letter,  an  examination  of  the  evidence 
that  the  prairies  have  been  covered  with  water  to  their  highest 
points ;  that  the  water  has  not  been  drained  by  any  violent  ac- 
tion but  by  slow  upheaval  of  the  surface ;  that  the  deepening  of 
the  great  channels,  and  the  formation  of  low  prairies,  around  the 
lakes  and  along  the  rivers,  are  merely  a  continuation  of  the  same 
phenomenon  or  a  result  of  the  slow  and  continuous  upheaval  of 
the  great  Mississippi  basin. 

The  letter  ends  in  refuting  opinions,  admitted  by  some  authors, 
that  the  absence  of  trees  on  the  prairies  is  caused  by  atmospheric 
dryness,  and  by  others  that  it  results  from  fires,  etc. 

After  reading  this  exposition  of  my  views,  Prof  Desor  re- 
marked that  what  he  calls  my  theory  has  the  merit  of  combin- 
ing in  the  same  explanation  two  phenomena,  the  formation  of  the 
peat  bogs,  and  the  formation  of  the  prairies,  whose  relation  to 
one  another  is  too  natural  to  be  without  foundation.  But  he  ob- 
jects to  some  of  my  ideas,  and  especially  thinks  that  my  explan- 
ation of  the  formation  of  the  rolling  of  the  high  prairies  cannot 
be  admitted,  because  the  spaces  between  the  knolls  are  not  deep 
and  narrow  sloughs  or  simple  trenches,  but  broad  depressions, 
broader  than  the  knolls  themselves;  that  this  could  not  be  the 
case,  if  they  had  been  formed  by  the  erosion  of  water. 

This  objection,  I  think,  is  groundless.  As  we  have  seen,  in 
considering  the  surface  of  the  low  and  of  the  flat  prairies,  wher- 
ever the  drainage  is  iqsensible,  water  can  scarcely  have  any  action 
in  digging  trenches.  In  the  spring,  or  after  heavy  rains,  its  slow 
movements  extend  over  the  whole  breadth  of  the  low  grounds, 
scarcely  displacing  or  carrying  away  the  finest  material.  This 
can  hardly  be  considered  as  erosion.  Nevertheless,  it  is  certain 
that  all  the  sloughs  of  the  rolling  prairies  find  their  way  to  lower 
and  deeper  channels,  where  they  definitively  shed  their  water. 
It  is  certain,  also,  that  in  reaching  the  Mississippi,  or  the  Minne- 
sota, etc.,  these  sloughs  are  deeper  and  all  nearly  perpendicular 
to  the  direction  of  the  rivers.  For  this  reason  the  rolling  of  the 
prairies  along  the  great  rivers  resembles  a  succession  of  fronting 
abutments.  Prof.  Whitney,  in  the  first  chapter  of  the  geologiciu 
report  of  Iowa,  makes  a  corresponding  remark,  when  he  says, 
(p.  17,)  "  The  streams  of  the  prairies  usually  take  their  rise  in 
small  depressions  of  the  high  prairie,  scarcely  to  be  noticed  as 
being  below  the  general  level  of  the  region.  As  their  course 
continues,  the  beds  generally  sink,  etc."  Prof.  Desor  holds  that 
the  knolls  of  the  prairies  were  formed  under  water,  and  in  deep 
water,  and,  to  confirm  his  assertion,  he  says  that  the  bottoms  of 
our  great  lakes,  and  of  the  ocean  also  along  the  shores,  are 
marked  by  swells  and  deep  furrows.  In  fact,  the  knolls  of  the 
prairies  are  of  q^uite  a  different  form  from  the  long  continuous 
parallel  undulations  of  the  bottom  of  the  seas.     Moreover,  there 
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axe  such  traces  of  marine  action  in  Iowa  and  Minnesota  in  the 
timbered  Coteaux,  as  the  Coteau  des  Bois,  Les  Bois-rouges,  etc., 
which  cut  the  nakedness  of  the  prairies  and  resemble  those  nar- 
row strips  of  land  bordering  the  ocean  and  soon  becoming  long 
peninsulas  covered  with  a  luxuriant  arborescent  vegetation.  The 
first  origin  of  these  undulations  may  have  been  in  deep  water, 
or  they  may  have  resulted  merely  from  the  action  of  the  waves. 
In  any  case,  they  cannot  be  compared  with  the  barren  knolls  of 
the  prairies. 

Prof.  Whitney,"  admitting  that  the  prairies  have  been  covered 
with  water,  even  to  their  highest  point,  considers  the  absence  of 
trees  as  caused  by  the  fineness  of  the  soil,  which  he  attributes  in 
part  to  the  nature  of  the  rocks  underlying  it,  and  in  part  to  ac- 
cumulation in  the  bottom  of  immense  lakes  of  a  sediment  of  almost 
impalpable  fineness,  und^  conditions  which  will  be  discussed  here" 
afier.^  This  unfinished  explanation  cannot  fully  satisfy  the  mind. 
Prairies  cover  every  kind  of  geological  formation,  even  granitic 
rocks,  as  in  Minnesota,  between  St.  Peter  and  Fort  Ridgely. 
Most  generally  they  overlie  ihe  Drift.  It  is  evident  that  the 
black  soil  of  their  surface,  as  well  as  the  clayey  subsoil,  though 
the  thickness  of  these  strata  mav  be  great,  has  been  formed,  in 
place,  by  the  agency  and  growth  of  a  peculiar  vegetation.  In 
stagnant  water,  whenever  water  is  low  enough  to  admit  the  trans* 
mission  of  light  and  air  in  sufiicient  quantity  to  sustain  vegetable 
life,  the  bottom  is  first  invaded  by  Confervas,  ^ecially  by  Cha- 
racece  and  a  peculiar  kind  of  floating  moss  {nypnum  aduncum 
Hedw.).  These  plants  contain  in  their  tissue  a  great  proportion 
of  silica,  lime,  and  even  oxyd  of  iron."  Moreover,  they  feed  a 
prodigious  Quantity  of  small  mollusks,  whose  shells  add  to  the 
detritus  of  the  plants,  and  the  final  result  of  the  decomposition 
of  the  matter  is  that  fine  clay  of  the  subsoil  of  the  prairies,  truly 
impalpable  when  dried  and  pulverized.  This  formation  has 
been  observed  and  described  long  time  ago,  especially  by  Chrome, 
who  attributes  to  the  decomposition  of  Confervas,  Characese,  etc., 
the  clay  over  which  peat  bogs  generally  rest  I  have  seen  it  in 
process  of  prodigious  activity  in  a  large  pond  of  the  King's  Gar- 
den of  Fredericksburg  in  Denmark,  which  every  year  is  filled 
with  about  one  foot  of  clayey  matter,  by  the  decomposition  of 
Characeae,  small  mollusks  and  infusoria.  This  kind  of  formation 
is  so  general  that  it  can  be  observed  in  nearly  every  open  swamp* 
In  the  lakes  of  the  (ligh  prairies  it  has  sometimes  a  peculiar 
character.    At  the  depth  of  from  one  to  three  feet,  the  plants 

'  Geological  Survey  of  Iowa,  chapter  L 

•  Geological  Report  of  Iowa,  i,  25. 

"  DeCandoUe  Phynologie  Vegetate^  p.  188  and  188.  When  exposed  to  atmos- 
pheric influence,  the  Charas  become  covered  with  an  efflorescence  of  scarcely  carbon- 
ated or  pure  lime. 
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above  named,  Mosses,  Confervas,  and  Charas,  form  a  thick  car- 
pet, which  hardens,  becomes  consistent  like  a  kind  of  felt,  and, 
floating  about  six  inches  from  the  bottom,  is  nearly  strong 
enough  to  sustain  the  weight  of  a  man.  The  carpet  is  pierced 
with  holes,  where  fishes  pass  in  and  out,  and  the  bottom  under 
it  is  that  fine  impalpable  clay,  evidentlv  a  residue  of  the  decom- 
position  of  its  plants.  At  the  depth  of  three  and  a  half  to  four 
feet,  this  vegetation  suddenly  ceases  and  the  bottom  of  the  lakes 
is  pure  sand  and  pebbles  with  shells.  Nearer  to  the  borders, 
on  the  contrary,  at  the  depth  of  one  foot,  the  carpet  of  mosses, 
etc.,  begins  to  be  intermixed  with  some  plants  of  sedges,  becom- 
ing more  and  more  abundant  in  proportion  as  the  depth  de- 
creases. As  soon  as  the  leaves  of  these  plants  rise  out  of  the 
water,  they  absorb  and  decompose  carbonic  acid,  transform  it 
into  woody  matter,  under  atmospheric  influence,  and  their  detri- 
tus is  at  first  clayey  mould,  and  then  pure  black  mould,  the 
upper  soil  of  the  prairies.  Of  course,  near  the  borders  of  the 
rivers,  or  under  peculiar  circumstances,  the  formation  is  some- 
what modified  by  the  addition  of  transported  matter,  or  of  for- 
eign elements.  The  clay  may  thus  take  a  different  color,  and 
have  a  somewhat  different  composition ;  but  the  process  of  form- 
ation does  not  materially  change. 

Considering  the  whole  explanation  of  the  formations  of  the 
prairies,  as  it  is  exposed  in  this  paper,  I  think  that  it  covers  the 
whole  ground  and  can  apply  to  most  of  the  cases  (if  not  to  all) 
where  the  ground  is  naturally  naked  or  without  trees.  It  gives 
the  reason  of  the  formation  of  the  prairies  from  the  base  of  the 
Bocky  Mountains  to  the  borders  of  the  Mississippi  Kiver ;  of 
the  prairies  around  the  lakes,  and  of  those  of  the  oroad  flat  bot- 
toms of  our  southern  rivers ;  of  the  Platas  of  the  Madeyra 
river;  of  those  of  the  Paraguay;  of  the  pampas  of  Brazil;  and 
even  of  the  desert  plains  of  our  western  Salt  Lakes.  For  this 
formation  is  produced,  in  the  same  manner,  in  the  salt  marshes 
of  the  sea,  as  in  the  freshwater  swamps  of  our  lakes.  And  if, 
passing  to  other  continents,  we  examine,  in  Europe,  the  natural 
meadows  of  Holland,  the  barrens  or  heaths  of  Oldenbourg,  all 
the  plains  on  the  shores  of  the  North  and  of  the  Baltic  Sea,  and, 
in  Asia,  the  vast  steppes  of  the  Caspian,  etc.,  etc.,  we  find  every- 
where the  same  appearances,  and  the  same  results  of  a  general 
identical  action,  modified  only  by  local  and  mostly  climatic  cir- 
cumstances. * 

The  glades  on  the  slopes  of  some  mountains  of  Arkansas,  of 
the  Alleghanies,  etc,  have  been  quoted  'as  a  phenomenon  con- 
tradicting the  theory  of  formation  of  prairies  by  water."  I  have 
carefully  examined  those  glades  in  connection  with  the  geologi- 

"  R.  W.  Weill,  this  Journal,  i,  884,  1819. 
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cal  survey  of  Arkansas,  and  found  them  always  the  result  of 
water.  When  the  springs  descending  the  slopes  are  stopped  by 
some  obstacle,  the  waters  slowly  overflow  the  surrounding  sur* 
face,  and  generally  favor  the  growth  of  a  thin  stratum  of  peat, 
where  only  grasses  and  prairie  flowers  vegetate.  Sometimes  the 
peat  of  these  glades  is  one  to  two  feet  thick.  They  are  gene- 
rally dry  in  the  fall,  but  always  true  swamps  or  wet  praines  in 
the  spring." 

Prof.  Winchell  observes  that  a  theory  [for  the  absence  of  treesj 
o/len  urged  is  the  considerable  humidity  of  the  soil  of  certain  prairies 
and  especially  the  wetness  of  the  subsoil,  &c.,  and  refutes  it  by  this 
mere  assertion :  it  is  singular  that  such  an  opinion  could  be  enter- 
tained when  it  is  so  well  known  that  there  is  no  situation  so  wet  but 
certain  trees  will  fljourish  on  it.  The  willow^  cottonwood,  tupeh^ 
vxUer  oak,  tamarac,  American  arbor  vitoBj  etc.".  And,  when  con- 
sidering Prof.  Whitney's  supposition  that  the  extreme  fineness 
of  the  prairie  soil  is  the  cause  of  the  absence  of  trees,  he  sets  it 
aside,  in  the  same  way,  by  another  assertion :  that  the  fatal  ohfec- 
tion  to  this  theory,  and  all  theories  which  look  to  the  physical  or  chem- 
ical condition  of  the  soil  for  an  explanation  of  the  treeless  character 
of  the  prairies,  is  discovered  in  the  fact  that  trees  will  grow  on  them 
when  once  introduced.^* 

As  it  is  not  proper  to  refute  an  assertion  by  a  contrary  one, 
let  us  examine  under  what  circumstances  trees  may  grow  in 
some  swamps,  and  what  the  highest  scientific  authorities  have 
to  say  on  the  subject. 

It  is  a  well  known  fact  of  botanical  physiology  that  trees  ab- 
sorb by  their  roots  a  certain  amount  of  oxygen  necessary  to 
their  life.  It  is  in  accordance  with  this  principle  that  trees,  to 
thrive  well,  ought  not  to  be  planted  too  deep ;  that  most  species 
of  trees  perish  when  their  roots  are  buried  in  a  stratum  of  clay, 
impermeable  to  air;  that  whenever  the  water  of  a  creek  is 
dammed,  to  make  a  pond,  all  the  trees  are  killed  on  the  whole 
flooded  space.  Eunning  water  furnishes  a  sufficient  amount  of 
air  and  oxygen  for  their  life  to  certain  species  of  trees  (most  of 
the  species  quoted  by  Prof.  Winchell)  whose  roots,  when  im- 
mersed, have  the  property  of  dividing  themselves  into  innumer- 
able filaments.  Hence,  such  trees  grow,  indeed,  in  those  swamps 
inundated  by  the  water  of  adjacent  rivers,  or  periodically  in- 

"  Tlie  relation  of  glades  lo  peat  bogs  is  beantifully  exemplified  on  the  slopes  of 
Mt  Marcy  and  other  peaks  of  the  Adirondac  Mts.  of  New  York.  Here,  in  the 
middle  of  deep  and  nearly  impenetrable  woods,  tiiob  openings,  half  prairies,  half 
bogs,  are  suddenly  entered  without  transition  whatever,  and  Uieir  surfiices  entirely 
barren  of  trees,  appear  like  clearings  and  meadows  produced  by  human  a^ncy. 
They  are  of  every  size,  cover  slopes  of  various  degrees,  and  ascend  as  high  as 
to  6000  feet  above  the  sea. 

"  A.  Winchell  on  the  prairies.    This  Jonmal,  [2],  xxxviii,  848. 

"  A.  Winchell,  ibid.,  844. 

Am.  Joub.  8oi.~Second  Sxbiks,  Vol.  XXXIX,  No.  117.— Mat,  1865. 
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vaded  by  the  tides.  The  water  of  such  swamps  is  not  perma- 
nent, and  its  whole  mass  is  subjected  to  some  kind  of  movement 
It  is  thus  that  in  the  south  the  bald-cypress  and  the  tupelo  grow 
even  in  the  middle  of  creeks  and  bayous.  But  look  anywhere 
else,  along  the  rivers,  or  on  the  shores  of  seas  or  lakes,  and 
wherever  a  sheet  of  shallow  water  is  sheltered  against  the  waves, 
the  tides  or  the  currents,  you  find  invariably  treeless  swamps, 
passing  to  prairies."  The  only  fact,  to  my  knowledge,  which 
could  be  mentioned  as  sustaining  the  assertion  of  Prof.  Winchell 
is,  that  certain  kinds  of  shrubs,  as  the  button  bush,  the  swamp 
rose,  etc.,  grow  and  form  thickets  around  some  true  swamps  of 
our  forests.  But,  examining  the  process  of  germination  of  the 
seeds,  it  is  easy  to  observe  that  the  germs  are  not  developed  in 
water,  but  in  dried  decayed  vegetable  matter  of  rotten  prostrated 
trees.  In  summer,  and  only  when  the  margins  of  the  swamps 
are  dry,  the  roots  penetrate  the  ground.  Thus  the  swamp  is 
surrounded  by  a  belt  of  shrubs,  but  its  central  part  is  open  and 
occupied  by  herbaceous  plants  only. 

Now,  what  savs  DeCandolle  in  his  classical  book  on  Vegetable 
Physiology  ?  rie  remarks  that  the  constant  irrigation  required 
for  the  rice  culture  in  Lombardy  is  a  serious  inconvenience,  be- 
cause the  water  penetrates  the  ground  of  the  neighboring  estates 
and  kills  the  trees : — That  water,  left  stagnant  for  a  time  on  the 
ground,  rots  the  trees  at  the  collum,  prevents  the  access  of  oxy- 

fen  to  the  roots,  and  kills  tliem : — That  in  the  low  grounds  of 
lolland  they  dig,  for  planting  trees,  deep  holes,  and  fill  the 
bottoms  with  bundles  of  bushes,  as  a  kina  of  drainage  for  sur- 
plus water  as  long  as  the  tree  is  young  enough  to  be  kiUed  by 
humidity: — That  true  swamps  and  marshes  have  no  trees,  and 
cannot  have  any,  because  stagnant  water  always  kills  them.^* 
Authorities  to  the  same  effect  could  be  quoted  by  volumes. 

The  second  assertion,  that  trees  will  grow  on  the  prairies  when 
once  introduced  (or  planted,  I  suppose),  is  certainly  true.  But 
we  should  take  care  to  make  a  distinction  between  the  results  of 
an  artificial  process  and  those  of  a  natural  one.  When  trees 
are  planted  on  the  prairies,  the  soil  is  conveniently  prepared. 
The  clayey  subsoil  mixed  with  the  black  mould  forms  a  com- 
pound which  combines  density  of  certain  parts  with  lightness 
of  others,  and  contains  a  great  proportion  of  nutritive  elements. 
If  the  clay  of  the  subsoil  is  not  too  thick  to  be  impermeable  to 
water,  and  thus  retain  it  around  the  roots,  this  prepared  or  arti- 
ficial ground  is  indeed  very  appropriate  to  the  growth  of  trees. 
But  has  any  one  ever  seen  oat  or  nickory,  or  any  other  kind  of 
trees,  grow  on  the  prairies  from  a  handfull,  say  even  from  a 

"  Species  of  trees  like  the  magnolia  grow  over  the  southern  peat  bogs  for  the 
same  reason  that  tamaracks  grow  in  the  peat  bogs  of  the  north. 
"  Physiologie  Vegetalc,  pp.  1206-1212. 
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bnshel,  of  acorns  or  nuts  thrown  upon  their  surface?  Why, 
then,  if  trees  will  grow  on  prairies,  do  not  isolated  or  widely 
separated  clusters  of  trees  insensibly  cover  a  wider  area  ?  Some 
of  these  trees  have  lived  there  for  ages;  their  trunks  are  strong 
and  thick;  their  branches  widely  expanded,  and  their  fruits  are 
swept  far  away  by  the  impetuosity  of  autumnal  storms ;  never- 
theless, their  domain  is  restricted,  by  the  nature  of  the  ground, 
to  their  own  narrow  limits ;  these  they  never  pass. 

[To  he  eontinued.'] 


AfiT.  XLI. — On  a  Process  of  Fractional  Condensation:  applicable 
to  the  Separation  of  Bodies  having  small  dijftrences  between  their 
Boiling-points ;  by  C.  M.  Warren.' 

It  is  well  known  that  the  process  in  general  use  for  the  prox- 
imate analysis  of  mixtures  of  volatile  liquids, — viz:  that  of 
simple  fractional  distillation,  either  from  a  tubulated  retort  or 
from  a  flask  with  bulbs,  as  proposed  by  Wurtz,* — affords  but 
very  imperfect  and  unsatisfactory  results,  and  not  unfrequently 
leads  to  gross  errors  and  misconceptions,  except  in  those  cases 
in  which  the  boiling-points  of  the  constituents  are  widely  diflfer- 
ent,  or  in  which  some  auxiliary  method  can  be  advantageously 
employed. 

The  want  of  a  more  efficient  process  for  effecting  such  sepa- 
rations has  long  been  recognized.  There  are  numerous  natural 
and  artificial  products,  of  the  highest  scientific  interest, — such 
as  petroleums,  essential  oils,  tars,  and  other  mixtures  of  oils  ob- 
tained by  the  distillation,  under  varied  circumstances,  of  bitu- 
minous, vegetable,  and  animal  substances, — of  which  it  may  at 
least  be  said  that  we  have  but  very  imperfect  knowledge, — I 
might  almost  say  no  knowledge,  except  such  as  could  be  de- 
rived from  the  study  of  very  impure  materials, — still  mixtures 
of  different  bodies, — with  which,  instead  of  the  pure  substances 
sought  for,  chemists  have  felt  compelled  to  content  themselves, 
as  the  best  results  which  they  were  able  to  obtain  by  the  means 
at  their  command. 

In  repeated  instances,  apparently  after  persevering  and  pro- 
tracted efforts,  investigators  have  been  forced  to  assert  either  the 
impossibility,  or  their  inability,  to  obtain,  from  such  mixtures, 
bodies  of  constant  boiling-point, — a  property  which  is  generally 
received  as  a  test  of  purity  for  liquia  bodies. 

I  may  here  specify  a  few  recent  instances  of  this  kind. 

'  From  the  Joornal  of  the  Acad.  Arts  ani  •Soiences,  Boston,  May  10th,  18.94. 
'  Annates  de  Chimie  et  de  Physique,  \Z\  xXn^  182. 
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1.  Warren  de  la  Eue  and  Hugo  Miiller,'  in  their  paper  entitled 
''Chemical  Examination  of  Burmese  Naphtha  ana  Bangoon 
Tar,"  after  detailing  the  preliminary  treatment  by  distillation  in 
a  current  of  steam,  add  that  '*  A  further  separation  of  the  va- 
rious  products  was  effected  by  repeated  fractional  distillations; 
but  no  absolutely  constant  boiling-points  could  be  obtained,  not- 
-withstanding  the  great  number  of  distillations  and  the  large 
quantity  of  material  at  command.  It  is  true  that  considerable 
portions  of  distillates  could  be  collected  between  certain  ranges 
of  temperature,  tending  to  indicate  a  constant  boiling-point; 
nevertheless,  it  soon  became  evident  that  distillation  alone  could 
not  eflFect  the  separations  of  the  various  constituents,  and  that 
recourse  must  be  had  to  other  processes."  The  other  processes 
resorted  to  were,  treatment  with  sulphuric  and  nitric  acids, 
either  separately  or  mixed ;  but  still  with  very  imperfect  results. 
This  acid  treatment,  which  was  first  proposed  by  De  la  Rue,  and 
subsequently  employed  by  C.  Grevilte  Williams,*  Schorlemmer, 
and  otners,  will  be  further  noticed  below. 

2.  Frankland,*  in  speaking  of  a  mixture  of  the  hydrocarbons 
of  tUe  formulae  CnHn  and  C,Hn  +  ,  (now  generally  considered  as 
CoHn+a),  which  have  a  difference  of  6°  to  7°  C.  between  their 
boiling-points,  says,  '*  The  separation  of  two  such  bodies  by  dis- 
tillation alone  is  impossible;  and  suggests  that  the  employment 
of  anhydrous  sulphuric  acid  may  accomplish  the  object  by  dis- 
solving out  the  body  of  the  formula  C,»Hn. 

8.  And  so  recently  as  1862,  Schorlemmer,*  in  his  first  paper 
"  On  the  Hydrids  of  the  Alcohol-Radicals  existing  in  the  Pro- 
ducts of  the  Destructive  Distillation  of  Cannel  Coal,"  remarks 
that  "it  was,  however,  found  impossible  to  obtain  a  product  of 
constant  boiling-point  by  repeated  fractional  distillations ;"  and 
he  also  had  recourse  to  the  acid-treatment  above  referred  to. 

4.  Pebal,'  after  an  elaborate  research  on  the  petroleum  from 
Galicia,  in  which  Wurtz's  bulbs  were  employed,  and  also  Eisens- 
tuck,"  who  made  an  extended  investigation  of  the  petroleum 
from  Sehnde,  near  Hannover,  also  with  the  use  of  Wurtz's 
bulbs,  both  assert  in  the  most  positive  manner  the  impossibility 

*  Proceediogt  of  the  Royal  Society,  riil,  221. 

*  Philosophical  Transactions,  1857,  447. 

*  Quarterly  Journal  of  the  Chemical  Society,  1851,  8,  43. 

*  Journal  of  the  Chemical  Society,  xv,  419. 

^  Anoalen  der  Chemie  und  Pharmacia,  cxv,  20,  asserts  the  **  XJorndglichkeit,  dtm 
Qemenge  durch  fractionirte  Destillationea  cu  entwirren." 

'  Annalen  der  Chemie  und  Pharmacie,  cziii,  169,  says  as  follows:  "Mit  den  5* 
fu  5^  aufgesammelten  Destillaten  wurde  die  fractionirte  Destination  wieder  von 
Neuem  vorgenommen,  aber  nachdem  diese  Opemtion  sieben  Wochen  mit  etwas  50 
Pfund  Steinol  fortgesetzt  worden  war,  erhielt  ich  doch  kein  Product  von  irgend 
ooDstantem  Siedepnukt  Nach  diesen  Versuchen  halte  ich  es  fUr  Unmoglich.  das 
Steinol  durch  fractioairto  Destillationen  alleio  in  Prodocte  mit  constaotem  Siedt- 
puokt,  cu  scheideo.'" 
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of  separatiD^  from  petroleum,  by  fractional  distillation,  products 
of  constant  Doiling-point. 

Such  is  the  general  character  of  the  results  obtained  in  the 
attempts  which  nave  been  made  to  separate  the  oonstituents  of 
such  mixtures  by  fractional  distillation. 

The  treatment  with  strong  acids,  etc.,  as  an  auxiliary  to  the 
common  method  of  fractional  distillation,  which  is  claimed  to 
have  given  good  results  in  some  cases,  is  open  to  serious  objec- 
tions in  its  application  to  mixtures  of  unknown  substances,  as 
must  be  readily  apparent  The  further  consideration  of  this 
subject  is  reserved  for  another  occasion,  when  I  shall  submit  the 
results  which  I  have  obtained  by  my  process  in  the  study  of 
mixtures  almost  identical  with  some  of  those  in  the  investiga- 
tion of  which  the  acid  process  has  been  employed.  I  shall  then 
be  able  to  show  that  the  results  obtained  by  that  process  are,  to 
a  considerable  extent,  inaccurate  and  by  no  means  exhaustive; 
and  that  it  is  still  of  the  highest  importance  to  have  a  process 
which  shall  be  generally  applicable  in  all  such  cases,  without 
resort  to  any  harsh  or  uncertain  treatment 

With  regard  to  the  value  of  constancy  of  boiling-point  above 
referred  to,  as  a  test  of  purity  of  a  liquid  substance,  I  may  here 
say  that,  without  scarcely  lessening  the  importance  of  obtaining 
constancy  of  boiling-point,  before  resorting  to  harsher  treatment 
in  the  study  of  mixtures  of  unknown  substances,  I  think  I  shall 
be  able  to  show,  on  another  occasion,  that  this  property  is  not 
necessarily  indicative  of  so  high  a  degree  of  purity  as  has  gen- 
erally been  supposed ;  and  that  a  body  may  have  a  constant 
boiling-point,  and  yet  contain  enough  of  a  foreign  substance  to 
appreciably — and,  in  delicate  cases,  seriously — affect  the  deter- 
mination of  its  constitution  and  of  some  of  its  other  propertiea 
But  in  no  such  case  have  I  yet  found  that  the  removal  of  the 
impurity  by  chemical  means  has  essentially  changed  the  boiling- 
pomt, — i.  e.,  never  to  the  extent  of  1°  C.  of  temperature.  I 
propose,  at  a  future  time,  to  study  this  question  synthetically, 
operating  with  pure  liquid  substances,  with  the  view  to  deter- 
mine, in  a  few  cases,  how  much  of  a  foreign  substance  may  be 
present, — which  would  probably  be  variable  in  different  cases, 
— without  sensibly  affecting  the  boiling-point  A  solution  of 
this  question  would,  I  think,  be  of  considerable  practical  value 
in  some  instances.* 

Of  the  New  Process, — The  chief  distinctive  feature  of  ray  pro- 
cess, as  compared  with  the  common  one,  consists  in  this, — that 
the  operator  has  complete  and  easy  control  of  the  temperature 
of  the  vapors  given  off  in  distillation ;  and  consequently  can 

*  Since  this  was  prepared  for  the  prees.I  notice  that  late  experiments  by  Ber* 
thelot  go  to  show  the  correctness  of  my  conception  of  the  value  of  constancy  of 
boiling-pobt,  as  above  stated. 
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readily  cool  these  vapors  to  the  lowest  limit  of  temperature 
which  the  most  volatile  portion,  under  the  circumstances,  is  able 
to  bear  and  retain  its  vaporous  condition.  It  will  be  seen  at  a 
glance  that,  under  these  conditions,  the  operator  has  it  in  his 
power  to  secure  in  any  case  the  very  largest  possible  amount  of 
condensation  of  the  heavier  from  the  lighter  vapors.  The 
liquids  resulting  from  the  condensation  of  the  less  volatile  por- 
tions of  course  fall  back  into  the  retort,  while  the  vapors  of  the 
more  volatile  parts  continue  to  go  forward  to  a  cold  condenser, 
descending  in  the  opposite  direction,  from  which  the  condensed 
product  fiills  into  a  special  receiver.  In  this  manner  he  is  able 
to  obtain,  in  each  successive  operation,  a  series  of  products 
which  shall  contain  the  minimum  quantity  of  the  less  volatile 
constituents,  which  a  single  distillation  is  capable  of  affording. 

Of  the  common  process,  on  the  contrary,  nearly  the  reverse 
of  all  this  is  true:  the  operator  having  no  control  whatever; 
being  forced  to  receive  the  vapors  at  the  temperature  which 
they  naturally  acquire  in  passing  from  the  retort,  and  laden 
with  such  proportion  of  the  less  volatile  bodies  as  may  be  car- 
ried forward  with  them." 

"  The  only  apparatas,  of  "which  I  have  any  knowledge,  which  can  be  regarded 
at  bearing  any  analogy  to  roy  own,  is  that  employed  in  the  rectification  of  alcoholic 
spirits,  on  a  manufacturing  scale.  In  one  of  the  oldeV  forms  of  this  apparatus,  that 
of  Solimani,  to  which  my  attention  was  first  called  by  a  friend,  after  roy  process 
had  been  in  use  more  than  a  twelvemeuth,  the  temperature  of  a  dephlegmator  is 
kept  within  such  limits  as  to  give  alcohol  of  any  required  strength  more  readily 
than  by  the  common  methods.  The  mode  of  construction  of  this  apparatus  is, 
however,  only  adapted  to  manufacturing  purposes,  and  it  could  not  be  utilized  in 
the  more  exact  experiments  required  in  scientific  research.  Either  on  account  of 
its  complication,  or  some  other  cause,  the  apparatus  of  Solimani  has,  I  believe, 
long  since  been  abandoned. 

Mansfield  {Quarterly  Journa!.  of  the  Chemical  Society,  1849,  i,  264),  observing 
that  **  the  boiling-point  oT  benzole  is  the  same  as  that  of  alcohol  of  sp.  gr.  0*825,^ 
remarks  that  '*  any  of  the  summary  processes  of  rectification  "which  are  practised 
by  distillers  in  the  manufacture  of  alcoholic  spirits,  are  applicable  to  the  separation 
of  benzole  from  the  less  volatile  fluids  of  naphtha  ;*'  and,  appended  to  his  scientific 
treatise  on  coal-tar,  under  the  title  ^  Of  a  Fractical  Mode  of  Freparing  Benzole" 
goes  on  to  describe  a  process  for  that  purpose,  which,  I  believe,  he  had  previously 
patented.  It  appears  that  Mansfield  did  not  employ  this  process  in  his  research, 
but  obtained  his  benzole,  as  well  as  the  other  less  volatile  hydrocarbons,  in  the 
usual  manner,— bv  simple  distilhition. 

In  the  belief  tJiat  no  process  of  fractioning  at  all  analogous  to  mine  has  ever 
been  employed  in  scientific  research,  and  that  I  am  not  in  any  way  directly  indebted 
to  any  of  the  devices  of  my  predecessors,  1  have  taken  no  special  pains  to  consider 
these  devices  in  much  detail.  I  may  say,  however,  that  I  have  found  no  record  of 
any  one*s  ever  having  employed  the  oil  bath  and  a  separate  fire  to  regulate  a  heated 
condenser,  this  being  the  essential  feature  on  which  the  superiority  of  my  process 
if  based ;  adapting  it  at  once  to  both  high  and  low  temperatures,  and  for  the  most 
delicate  work. 

The  employment  of  bulbs,  above  referred  to,  as  proposed  by  Wurtz,  is  simply  a 
modification  of  the  old  process.  The  bulb  apparatus  furnishes  the  same,  or,  at 
most,  but  slightly  better  results  than  a  simple  retort ;  being  no  more  than  equiva- 
lent to  increasing  the  height  of  the  sides  of  the  retort  itself,  without  introducing 
any  control  over  the  accuracy  of  the  results ;  the  only  advantage  gained  being,  that 
these  results  are  obtained  somewhat  more  quickly. 
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In  the  new  process,  perfect  control  of  the  temperature  of  the 
vapors  is  secured  by  simply  conducting  these  vapors  upward 
through  a  worm  contained  in  a  bath,  aoy  figs.  1  and  2,  the  tem- 
perature of  which  is  regulated  by  means  of  a  separate  lamp,  ft, 
fig.  2,  or  by  a  safety-furnace,  p,  as  shown  in  fi^.  1.  The  bath 
may  be  of  oil  or  water,  or  of  metal  for  -very  high  temperatures, 
as  the  case  may  require,  and  is  furnished  with  a  thermometer,  L 


That  this  bath  may  be  equally  adapted  for  the  separation  of 
liquids  boiling  below  the  common  temperature,  an  empty  ves- 
sel, c,  figs.  1  and  2,  is  permanently  secured  in  the  interior  of  the 
bath  by  means  of  straps  of  metal  across  the  top,  to  serve  as  a 
convenient  receptacle  lor  ice  or  iced  water,  by  means  of  which  a 
low  temperature  may  be  steadily  maintained.  The  interior  vessel 
also  serves  a  good  purpose  in  economizing  time,  and  fuel  in 
heating  the  bath,  as  it  diminishes  the  quantity  of  oil  required 
to  cover  the  worm.  It  is  made  to  extena  to  within  about  three 
inches  of  the  bottom  of  the  bath,  and  large  enough  to  fill  the 
greater  part  of  the  space  in  the  center  of  the  coil.  The  bath 
and  interior  vessel  are  both  made  of  sheet-copper,  with  joints 
brazed  so  that  they  will  bear  a  high  temperature.    I  generally 
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tise,  also,  copper  worms,  especially  in  the  earlier  distillations, 
the  quantities  then  operated  upon  being  larger,  as  such  worms 
are  conveniently  procured,  and  not  liable  to  break.  In  the 
larger-sized  apparatus,  the  tube  of  which  the  worm  is  made 
measures  ten  feet  in  length  and  half  an  inch  in  diameter.  I 
have  tried  several  lengths  of  worm  and  several  diameters  of 
tube,  but  not,  as  yet,  with  any  special  view  of  determining  the 
precise  proportions,  in  relation  to  the  size  of  the  retort,  which 
would  be  best  adapted  to  the  purpose.  There  appears,  however, 
to  be  nothing  gained  by  increasing  the  length  of  the  worm  be- 
yond what  is  required  to  reduce  the  temperature  of  the  vapors 
to  that  of  the  bath.  I  have  in  use  three  sizes  of  apparatus : 
the  largest  has  a  copper  worm  10  feet  long  and  -J  inch  bore ; 
the  medium  size,  a  worm  6  feet  long  and  f  inch  bore ;  and  the 
smallest  size,  for  very  small  quantities,  a  worm  1  foot  6  inches 
long  and  J  inch  bore.  Each  of  these  has  been  found  to  answer 
a  good  purpose.  The  distillation  may  be  conducted  in  a  glass 
flask,  or  more  conveniently  in  a  glass  retort  of  the  form  shown 
at  d,  figs.  1  and  2.  The  body  of  this  retort,  as  appears  in  the 
figure,  is  of  the  form  of  the  corresponding  part  of  the  common 
retort;  but  which,  in  place  of  a  long  neck,*  has  only  a  short 
tubulure,  e,  in  the  side,  for  escape  of  the  vapors,  and  another 
tubulure,  f  in  the  top,  which  contains  the  thermometer,  and 
through  which  the  retort  is  charged. 

In  the  larger  apparatus  the  retort  is  connected  with  the  lower 
end  of  the  elevated  worm  by  means  of  a  glass  tube- of  about 
the  same  diameter  as  the  end  of  the  worm.  One  end  of  this 
tube  enters  the  retort  at  the  lateral  tubulure  through  a  perfo- 
rated cork,  and  the  other  end  is  joined  to  the  end  of  the  worm, 
either  by  being  firmly  bound  with  a  strip  of  cloth  thickly  covered 
with  vulcanized  caoutchouc, — such  as  is  found  in  commerce, — 
or  by  means  of  a  perforated  cork,  which  is  made  to  fit  the  ends 
of  both  tubes  as  snugly  as  possible,  and  then  tightly  pressed  to- 
gether upon  the  joint  by  means  of  an  iron  clamp,  as  shown  at 
<7,  fig.  2.  This  clamp  is  figured  on  a  larger  scale  at  E.  As  it 
is  highly  important  that  all  joints  in  the  apparatus  should  be 
perfectly  tight,  inasmuch  as  the  least  leakage,  when  continued 
a  long  time,  would  cause,  in  the  aggregate,  a  serious  loss  of  ma- 
terial, I  would  call  special  attention  to  the  clamp  joint  as  the 
best  which  I  have  tried.  Before  falling  upon  this  device  I  had 
used  exclusively  the  vulcanized  caoutchouc  joints,  which  were 
found  to  answer  a  good  purpose,  in  most  cases,  except  that  they 
required  too  frequent  renewal.  I  have  found  the  cloth  covered 
with  vulcanized  caoutchouc  preferable  to  the  common  caout- 
chouc tubing.  In  the  smaller  sizes  of  apparatus  I  have  the  end 
of  the  worm  itself  project  far  enough  from  the  bath  to  connect 
directly  with  the  retort  by  means  of  a  perforated  cork,  without 
the  use  of  an  additional  connecting  tube. 
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The  upper  end,  A,  of  the  elevated  worm  is  brought  out  through 
the  side  of  the  bath  at  a  point  about  three  inches  below  the  top ; 
so  that,  when  working  with  a  low  temperature  of  the  bath,  the 
worm  may  still  be  completely  covered  with  oil,  and  also  give 
sufficient  space  above  the  worm  for  the  expansion  of  the  oil 
when  higher  temperatures  are  employed.  To  avoid  contami- 
nating the  atmosphere  of  the  laboratory  with  the  disagreeable 
fumes  which  are  given  off,  in  large  quantity,  from  such  a  mass 
of  heated  oil,  the  top  of  the  bath  is  tightly  closed  with  a  sheet- 
iron  cover,  from  which  a  small  funnel,  A,  fig.  1,  conducts  these 
fumes  to  a  chimney. 

In  the  larger  apparatus,  the  vapors  which  succeed  in  passing 
through  the  heated  worm  are  conducted  downward  into  a  cooled 
worm  contained  in  a  bath  of  water,  w,  fig.  2,  and  the  liquid  pro- 
duct is  collected  in  the  receiver,  k.  The  cold  bath,  ii\  contains 
two  condensing  worms, — one  for  each  apparatus, — and  is  large 
enough  to  condense  for  both  without  the  necessity  of  renewing 
the  water.  I  have  represented  two  apparatuses  combined,  as  it 
will  be  found  more  economical  of  time  to  operate  with  two  at 
once.  In  the  smaller  apparatus,  for  the  table,  a  Liebig  con- 
denser may  be  conveniently  substituted  for  the  cold  worm,  as 
shown  in  fig.  1. 

For  collecting  liquids  which  boil  below  the  common  tempera- 
ture, when  such  are  present,  I  attach  a  refrigerator,  B,  fig.  2, 
which  is  provided  with  two  block-tin  condensing-tubes, — one 
for  each  apparatus.  These  are  bent  in  a  zigzag  form,  and  at- 
tached to  the  inner  sides  of  the  refrigerator.  The  lower  ends  of 
the  tubes  extend  through  the  end  of  the  refrigerator  far  enough 
to  form  a  convenient  connection  with  the  second  receiver,  Z,  fig. 
2,  which  communicates  with  the  first  receiver,  A,  by  means  of 
the  glass  tube,  m. 

In  order  to  successfully  collect  and  condense  the  vapors  of 
such  extremely  volatile  liquids  as  are  now  under  consideration, 
it  is  of  course  indispensable  that  the  apparatus  should  be  con- 
structed with  very  tight  joints ;  and  for  greater  convenience, 
but  more  especially  to  prevent  breakage,  such  of  the  joints  as 
require  to  be  frequently  taken  apart  should  be  made  flexible. 
A  very  convenient  and  perfectly  tight  joint  of  this  kind  may 
be  made  as  follows : — the  short  stationary  tube,  n,  in  the  cork 
of  the  receiver,  i,  fig.  2,  is  made  with  the  opening  somewhat  di- 
vergent upward ;  the  end,  o,  of  the  worm  is  enough  smaller 
than  the  inside  diameter  of  the  upper  end  of  the  tube,  w,  to 
leave  room  for  a  piece  of  caoutchouc  tube  to  be  drawn  over  it, 
and  still  admit  of  its  being  inserted  in  the  end  of  the  tube,  n ; 
the  flexible  tube  is  drawn  on  far  enough  to  prevent  the  drops 
which  form  on  the  end  of  the  worm  from  coming  in  contact 
with  the  caoutchouc ;  a  perfectly  tight  and  convenient  flexible 
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joint  is  now  made  by  pressing  the  tube,  n,  over  the  caoutchouc 
covering  of  the  end  of  the  worm,  o.  The  joints  of  the  receiv- 
ers, ^  are  made  in  the  same  manner. 

The  vapors  which  escape  condensation  in  u  pass  through  the 
receivers,  kk  and  W,  to  the  refrigerator,  B,  which  contains  ice,  or 
a  mixture  of  ice  and  salt,  are  there  condensed  and  fall  back 
into  the  receivers,  U\  which  should  stand  in  a  wooden  vessel 
also  containing  ice  or  a  freezing  mixture.  The  refrigerator,  B, 
is  made  with  double  bottom  and  sides,  with  an  inch  space  be- 
tween, which  is  filled  with  pulverized  charcoal.  Being  tightlv 
covered,  a  charge  of  ice  and  salt  will  serve  for  a  long  day  s 
operations  without  renewal.  In  this  manner  I  have  been  able 
to  collect,  in  considerable  quantity,  bodies  boiling  nearly  at  0° 
C,  and  this  from  mixtures  in  which  such  bodies  had  been  quite 
overlooked  by  previous  investigators. 

It  will  be  observed,  on  reference  to  fig.  2,  that  the  larger  dis- 
tilling apparatus  is  represented  as  standing  in  a  brick  fire-place, 
with  brick- work,  GO,  a  few  inches  high,  built  up  in  front;  and 
a  sheet-iron  apron,  DD,  folded  above.  This  is  for  security  against 
fire  in  case  of  accident,  either  to  the  retort  or  hot  bath  of  oil. 
As  arranged,  the  contents  of  either  or  both  of  these  a)uld  run 
out  and  burn  without  danger  to  the  operator  or  the  premises,  as 
the  brick-work  in  front  would  prevent  the  liquid  from  spreading 
beyond  the  fire-place,  and  the  dropping  of  the  sheet-iron  apron 
would  cause  an  additional  draft,  and  thus  insure  the  passage  of 
the  flames  into  the  chimney.  Instead  of  placing  the  apparatus 
in  a  fire-place,  where  that  is  not  convenient,  equal  security 
against  accidents  may  be  attained  by  the  use  of  my  safety  heat- 
ing-lamp," J,  fig.  1,  to  heat  the  retort,  and  safetv-furnace,  p^ 
containing  a  Bunsen's  burner,  for  heating  the  bath.  The  bot- 
tom of  this  furnace,  and  also  a  large  part  of  the  sides,  is  formed 
of  wire  gauze,  such  as  described  for  the  safety-lamp."  The 
gauze  upon  the  bottom  need  not  be  permanently  attached  to  the 
furnace,  but  may  be  simply  laid  over  an  opening  cut  in  the  stool 
or  board  on  which  the  furnace  is  to  be  placed ;  if  the  furnace 
be  then  set  upon  it,  taking  care  that  the  joint  shall  be  tight 
around  the  edge,  nothing  more  will  be  required.  A  strip  of 
vulcanized  caoutchouc,  about  an  eighth  of  an  inch  in  thickness, 
is  riveted  around  the  edge  of  the  opening  for  the  door ;  against 
this  the  door  tightly  closes,  so  that  no  ignition  can  take  place 
through  the  cracks  which  would  otherwise  remain  under  the 
edges  of  the  door. 

For  an  apparatus  to  stand  upon  the  table,  the  safety-lamp  and 
furnace  are  especially  desirable.  I  have  also  used  them  for  the 
larger  apparatus,  placed  upon  tbe  floor  of  the  laboratory.    As 

»  This  Journal,  1862,  [2],  xxxiii,  276.  "  Loc  qit 
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a  practical  test  of  the  security  which  they  afford,  I  may  relate 
an  incident  which  happened  to  myself.  I  had  left  tlie  laboratory 
for  a  short  time,  with  such  an  apparatus  in  full  operation ;  the 
retort  containing  nearly  a  quart  of  light  petroleum  ooiling  below 
100°  C.  Having  been  detained  longer  than  I  expected,  on  re- 
turning I  found  the  laboratory  filled  with  the  vapors  of  hydro- 
carbons; and,  on  approaching  the  retort,  found  that  the  caout* 
chouc  joint,  connecting  the  retort  with  the  elevated  worm,  had 
failed,  and  that  the  larger  portion  of  the  liquid  had  distilled  into 
the  room,  having  been  mainly  condensed  in  the  upper  worm, 
and  conducted  thence  down  the  outside  of  the  retort  into  the 
safety-lamp.  This  process  was  still  going  on,  the  lamp  being 
highly-heated  from  the  excess  of  fuel  thus  added  to  it,  but  no 
ignition  took  place  outside  the  lamp.  Although  this  experiment 
was  rather  injudicious,  it  furnishes  a  valuable  test  of  the  effi- 
ciency of  the  safety-lamp  and  furnace. 

Having  described  the  apparatus,  I  now  proceed  to  give  such 
details  of  the  method  of  conducting  the  separations  as  have 
been  found,  in  my  experience,  most  efficient  and  economical  of 
time.  In  commencing  with  a  crude  mixture  of  unknown  liquids, 
I  deem  it  advisable  to  operate  at  once  on  a  tolerably  large  quan- 
tity of  material,  especially  if  the  constituents  are  supposed  to 
be  numerous,  and  to  omit  chemical  treatment  till  after  the  sepa- 
rations have  so  far  progressed  as  to  indicate  the  number  and 
species  of  bodies  present,  and,  approximately,  their  several  boil- 
ing-points. 

Notwithstanding  the  precautions  taken  to  avoid  loss  from 
evaporation  and  leakage,  I  have  at  times  been  surprised  at  the 
large  waste  of  material  which  has  been  made  apparent  after  a 
Jong  series  of  operations.  When  it  is  considered,  however,  that 
the  time  required  to  make  a  complete  separation  of  a  very  com- 
plex mixture  of  liquids  must  necessarily  be  very  protracted, 
during  which  more  or  less  of  evaporation  is  constantly  taking 
place,  it  will  be  a  matter  of  no  surprise  that  the  loss  is  so  con- 
siderable. The  quantity  of  material  required  must  depend  also 
on  ithe  proportions  in  which  the  various  constituents  are  con- 
tained in  the  'Crude  mixture,  and  upon  their  degree  of  volatility; 
bttt  AS  these  cannot  be  known  a  prwri,  it  may  suffice  to  make  a 
single  preliminary  distillation  of  a  portion  of  the  mixture,  from 
a  tubulated  retort,  to  ascertain  the  range  of  temperature  within 
which  it  distills,  noting  at  the  same  time  the  proportions  which 
come  over  between  certain  temperatures ;  as,  for  example,  below 
50^  C. ;  between  50°  and  100°,  etc. ;  from  these  data  one  may 
Judge  pretty  nearly  of  the  quantity  which  it  will  be  advisable 
to  take.  It  is  evident  that,  when  very  volatile  bodies  are  pres- 
ent, even  in  considerable  proportion,  a  much  larger  quantity 
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would  be  required  than  if  the  material  were  but  slightly  vola- 
tile ;  as  the  waste  in  the  former  case,  from  evaporation,  would 
be  much  greater. 

But  in  many  cases  it  will  be  found  that  highly  volatile  bodies 
are  present  only  in  very  small  proportion, — e.  g.,  in  viscid  pe- 
troleum like  Bangoon  tar,  and  in  the  products  of  distillation  of 
some  species  of  asphalt  In  such  cases,  the  requisite  quantity 
to  be  operated  upon,  to  obtain  the  most  volatile  constituents  in 
sufficient  quantity  for  anything  like  a  complete  study  of  their 
chemical  relations,  would  be  extremely  large, — too  large  to  be 
conducted  in  the  laboratory, — and  one  would  have  to  resort  to 
the  manufactory  for  the  first  distillation.  I  have  dwelt  at  some 
length  on  this  point,  having  experienced  the  disappointment 
which  one  feels,  after  months  of  labor,  on  finding  the  products 
insufficient  for  his  requirements,  when  the  expenditure  of  a  little 
more  time,  comparatively,  might  have  given  double  the  quan- 
tities obtained. 

In  the  first  series  of  fractioning,  I  generally  operate  on  succes- 
sive portions,  of  about  one  gallon  each,  of  the  crude  material, 
and  take  oflF  a  fraction  for  every  20°  C.  rise  of  temperature  of 
the  retort  These  fractions  are  preserved  in  well-sioppered  bot- 
tles, and  each  carefully  labelled  with  the  temperatures  between 
which  it  was  obtained.  The  fractions  for  each  fresh  portion  of 
the  crude  material,  being  collected  between  the  same  limits  of 
temperature,  are  added  to  the  corresponding  products  from  the 
preceding  operations,  till  enough  of  the  crude  material  has  been 
taken  to  insure,  ultimately,  a  sufficiencv  of  the  pure  products. 

In  the  commencement,  not  only  of  this  but  of  all  subseauent 
fractionings,  when  the  temperature  to  which  the  bath  should  be 
raised  is  unknown,  I  first  bring  the  liquid  in  the  retort  into  full 
ebullition,  so  that  a  steady  stream  of  liquid  shall  flow  back  from 
the  end  of  the  worm  into  the  retort  I  then  carefully  raise  the 
temperature  of  the  bath  until  the  vapors  from  the  retort  pass 
through  the  heated  worm  so  freely  that  the  liquid,  in  condens- 
ing from  them,  shall  drop  with  tolerable  rapidity  into  the  cold 
receiver.  In  order  that  this  dropping  may  be  continuous,  it  is 
necessary  that  the  temperature  of  the  bath  should  rise  verygrad- 
uaUy  as  the  more  volatile  constituents  of  the  mixture  are  taken 
off;  this  is  easily  effected  by  carefully  regulating  the  flame  under 
the  bath. 

It  is  advisable  to  boil  the  retort  as  rapidly  as  possible  without 
choking  the  lower  end  of  the  heated  worm  with  the  returning 
liquid.  As  this  choking  would  give  rise  to  additional  pressure 
in  the  retort,  and  consequently  occasion  abnormal  elevation  of 
the  temperature,  and  possibly  a  rush  of  liquid  into  the  receiver, 
and  thus  introduce  irregularities  in  the  work,  excessive  heat 
under  the  retort  should  be  avoided.    The  first  indication  of 
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choking  of  the  worm  is  a  partial  or  entire  stoppage  of  the  stream 
of  liquid  which  normally  flows  steadily  from  the  end  of  the 
worm  into  the  retort.  Any  interruption  or  unsteadiness  of  this 
flow  would  indicate  too  rapid  ebullition. 

As  a  rule,  other  things  being  equal,  the  greater  the  difference 
between  the  temperature  of  the  bath  and  that  of  the  retort,  the 
slower  the  products  will  come  off,  and  the  more  effectual  will  be 
the  separation.  I  think  it  possible,  however,  that  the  earlier 
fractionings  may  be  conducted  so  slowly  that  the  loss  of  time 
would  more  than  counterbalance  what  might  be  gained  by  more 
thorough  separation,  and  that  equally  good  results  may  l>e  more 
economically  obtained  by  more  frequent  operations,  somewhat 
more  rapidly  conducted. 

A  striking  illustration  of  the  advantage  to  be  gained  by  this 
process  is  presented  by  the  fact  that,  during  the  first  fractioning 
of  a  crude  mixture,  such  as  American  petroleum  or  coal-tar 
naphtha,  for  example,  the  difl^erence  between  the  temperature  of 
the  bath  and  t)iat  of  the  retort  may  sometimes  be  as  much  as 
85**  C,  or  even  more.  While,  as  the  products  become  purer, 
this  difference  between  the  temperatures  of  the  bath  and  retort 

Sroportionally  decreases,  till  finally,  in  operating  on  a  pure  pro- 
uct,  the  temperature  of  the  bath  must  be  brought  to  within  a 
few  degrees  of  that  of  the  retort,  in  order  to  bring  the  vapors 
through.  But  the  amount  of  this  difference  is  variable  for  dif- 
ferent bodies  of  equal  purity. 

The  first  fractionings  must  necessarily  be  quite  arbitrary ;  for, 
as  a  general  rule,  when  operating  on  such  mixtures  as  those  just 
mentioned,  neither  the  thermometer  nor  the  quantities  obtained 
for  a*y  given  range  of  temperature  will  inaicate  any  decided 
preponderance  of  any  one  substance.  On  the  contrary,  the  tem- 
perature rises  uniformly,  and  about  the  same  quantity  is  gener- 
ally obtained  for  the  same  number  of  degrees  of  temperature 
throughout  the  operation.  In  other  mixtures,  in  which  certain 
bodies  may  seem  to  be  present  in  much  larger  proportion  than 
others,  or  in  which  there  may  be  a  greater  diflference  between 
the  boiling-points  of  the  constituents  than  in  the  cases  referred 
to, — facts  which  would  be  indicated  by  the  thermometer  of  the 
retort,  and  by  the  relative  quantities  of  the  products  obtained, 
-,-there  might  be  something  gained  by  exercising  discretion  in 
taking  off  fractions  according  lo  these  indications. 

In  the  second  series  of  fractioning,  the  first  or  lowest  fraction 
of  the  preceding  series,  which  is  large  enough  to  operate  npon 
by  itself  is  transferred  to  the  retort,  and  brought  into  ebullition. 
The  temperature  of  the  bath  is  then  adjusted  as  above  described, 
and  the  aistillation  continued,  the  fractions  obtained  being  placed 
in  their  appropriate  bottles  until  the  temperature  of  the  retort 
shsil  have  risen  to,  or  somewhat  above,  the  point  at  which  the 
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second  or  next  succeeding  fraction  of  the  first  series  may  be 
supposed,  or  has  been  found  by  experiment,  to  boil.  This  frac- 
tion is  then  added  to  the  residue  in  the  retort,  and  the  distilla- 
tion is  continued  as  before.  In  the  same  manner,  I  proceed 
with  the  remaining  fractions  of  the  first  series. 

All  subsequent  fractionings  are  similarly  conducted.  As  the 
work  progresses,  however,  the  fractions  are  taken  for  a  gradually 
decreasing  number  of  degrees  of  temperature,  until  finally  it 
becomes  necessary,  for  the  attainment  of  absolute  constancy  of 
boiling-point,  to  take  off  a  fraction  of  every  degree,  centigrade; 
and  to  continue  thus  to  operate  on  these  fractions,  each  repre- 
senting one  degree  of  temperature,  until  the  desired  end  is  at- 
tained. 

The  operator  will  observe  that,  in  each  series  of  fractions,  in 
which  each  fraction  has  been  taken  for  the  same  range  of  tem- 
perature, the  difference  between  the  boiling-points  of  any  two 
contiguous  fractions  is  nearly  the  same  as  the  difference  between 
any  other  two  contiguous  fractions, — in  other  words,  that  the 
difference  referred  to  approximates  to  a  common  difference 
throughout  the  same  series.  Once  ascertained,  this  difference 
serves  as  a  valuable  guide  in  determining  with  sufficient  accu- 
racy when  to  add  the  next  fraction  to  the  retort.  By  observing 
this  systematic  course,  irregularities,  from  the  improper  mixture 
of  products,  may  be  avoided,  and  time  thus  economized. 

After  a  few  series  of  fractionings, — sometimes  after  two  or 
tbree,  variable  in  number,  according  to  the  nature  or  complica- 
tion of  the  mixture, — it  will  be  found  that  some  of  the  fractions 
are  considerably  larger  than  others  for  the  same  range  of  tem- 
perature, indicating  approximately  the  boiling-points  of  the  sev- 
eral constituents.  But  fractions  of  constant  boiling-point,  or 
those,  the  boiling-points  of  which  cannot  be  sensibly  changed  by 
further  fractional  condensation,  are  not  obtained,  as  already  men- 
tioned, till  after  repeated  careful  fractioning  of  every  degree  of 
temperature.  When  fractioning  of  every  degree,  it  is  import- 
ant to  use  every  precaution  to  protect  the  thermometer  from 
external  influences,  and  to  carefully  apply  the  corrections  for 
variations  in  the  atmospheric  pressure.  This  may  even  be  de- 
sirable earlier;  but  it  is  of  so  much -importance  in  the  case 
specified,  that,  if  omitted,  the  operator  would  be  liable  one  day 
to  mix  products  which  he  had  separated  the  day  previous. 

In  this  way,  certain  larger  fractions  are  obtained,  which  are 
not  susceptible  of  further  alteration  in  their  boiling-points ;  but 
there  are  yet  considerable  quantities  of  liquid  in  the  intermedi- 
ate fractions,  which  still  continue  to  change  more  or  less  in  each 
succeeding  operation.  When  the  fractions  of  constant  boiling- 
point  have  once  been  obtained,  if  it  were  not  important  to  test 
tor  other  bodies  in  the  intermediate  fractions,  the  operation 
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might  here  be  suspended,  provided  the  pure  products  already  ob- 
tained should  be  large  enough  for  the  purposes  required. 

But,  in  my  investigations,  I  have  undertaken  to  prove  the  neg- 
ative as  well  as  the  positive.  I  have  attempted  to  carry  the  pro- 
cess of  separation  so  far,  that  I  might  assert  the  absence  of  other 
bodies,  as  well  as  the  presence  of  those  obtained;  and  this 
clearing  up  of  the  intermediate  fractions  has  generally  been  the 
most  tedious  part  of  the  work.  I  have  continued  to  operate 
upon  these  by  themselves,  until  they  also  have  become  distrib- 
uted in  regular  course — no  new  bodies  appearing — among  the 
fractions  of  constant  boiling  point,  or  to  such  an  extent  that  the 
intermediate  quantities  have  become  too  small  to  admit  of  fur- 
ther continuance  of  the  process. 

This  process  has  been  m  constant  use  in  my  laboratory  during 
the  last  three  years.  In  this  time  it  has  been  applied  in  the  study 
of  petroleums,  coal  oils,  the  more  volatile  parts  of  coal-  and 
wood-tars,  the  essential  oil  of  cumin,  commercial  fusel  oil,  from 
corn  whiskey,  and  even  to  mixtures  more  complex  than  either 
of  these.  As  the  result  of  this  long  experience,  I  can  say  that, 
as  regards  bodies  not  decomposed  by  heat  in  distillation,  I  have 
not  yet  found  a  mixture  so  complex  that  it  may  not  be  resolved 
,  by  this  process  into  its  proximate  constituents  so  completely, 
that  these  shall  have  almost  absolutely  constant  boiling-points. 
In  repeated  instances,  even  from  petroleums,  I  have  obtained 
these  constituents  so  pure,  that  tne  contents  of  an  ordinary 
tubulated  retort  charged  with  one  of  them  has  been  completely 
distilled  off  without  any  essential  change  of  temperature ;  i.  e., 
not  to  the  amount  of  i°  C,  the  thermometer  frequently  remain- 
ing absolutely  constant  for  more  than  half  an  hour,  a  constancy 
of  boiling-point  not  exceeded  by  that  of  distilled  water.  This 
state  of  purity,  I  think  I  may  safely  assert,  has  never  before 
been  attained  from  such  mixtures,  by  any  system  of  fractional 
distillation. 

As  I  shall  soon  be  prepared  to  present  to  the  Academy  de- 
tailed results  of  the  investigations  above  referred  to,  I  may  omit 
further  allusion  to  them  on  this  occasion. 

I  would  remark,  in  conclusion,  that  it  seems  to  me  not  im- 
probable that  this  process  may  ultimately  prove  to  be  of  great 
value  in  the  arts.  It  is  not  too  much  to  anticipate  that,  when- 
ever the  various  constituents  of  the  mixtures  referred  to  shall 
have  been  separately  and  thoroughly  studied  in  a  pure  state, 
some  of  them  may  be  found  to  possess  properties  which  will 
give  to  them  great  commercial  value,  sufficient  to  justify  the  ex- 
penditure necessary  to  separate  them  in  large  quantities. 


Digitized  by  VjOOQ IC 


B.  Silliman  on  Petrokum  frmn  Calif omiiL  841 

Art,  XLII. — Bxamination  of  Petroleum  from  Calif ornxa;  by 

B.  SlTiLTMAN. 

The  specimen  of  petroleum  here  described  came  from  a  natu- 
ral well  or  spring  on  the  Simi  estate  in  Santa  Barbara  county, 
California.  It  issues  from  rocks  of  the  Tertiary  Age.  The  dis- 
charge from  this  spring  is  sufficient  to  flow  nearly  two  miles  down 
the  dry  bed  of  the  ravine  in  which  it  occurs. 

It  is  of  a  dark  brown  color,  dichroic,  thin  and  mobile  as  water, 
and  of  a  faint  naphtha  odor,  quite  without  offensive  smell.  In 
a  thin  tube  it  has  a  yellowish  brown  color  by  transmitted  light, 
and  obviously  owes  its  dark  color  to  its  holding  m  solution  a  por- 
tion of  the  asphaltum  with  which  it  is  associated. 

Its  density  is  0*861  at  15"*  C.  or  about  84-80**  B.  It  bums,  in 
its  crude  state,  in  a  double  current  lamp,  without  smoke,  with 
quite  a  bright  flame  and  strong  light  for  a  few  moments.  After 
eight  or  ten  minutes  the  wick  commences  to  coal,  and  after  about 
fifteen  minutes  it  smokes  and  finally  dies  out. 

1000  c.  0.  of  the  crude  substance  were  subjected  to  fractional 
distillation  in  a  tubulated  retort  to  which  was  adapted  a  thermom** 
eter  and  condenser.  A  condensible  vapor  appeared  at  60^  C,  the 
liquid  simmered  at  90**  and  boiled  at  128°. 

Of  the  1000  c.  c.  of  crude  oil  there  were  distilled  from  glass 
up  to  the  boiling  point  of 

Mercury, 600  c  c. 

In  iron, 496    •* 

Loss  and  coke,         -        •        -        -        -        4    " 

1000    •* 

This  method  of  practical  distillation  gives,  as  is  well  known, 
Tery  unsatisfactory  results,  as  comparra  with  the  method  of 
Warren.*  As  the  experiment  was,  however,  very  carefully  con- 
ducted by  Mr.  Peter  Collier,  of  the  Sheffield  Laboratory,  under 
my  directions,  it  furnishes  a  good  illustration  of  the  differences 
arising  solely  out  of  an  imperfect  method  of  analysis,  when  prac- 
ticed on  the  same  raw  material.  I  therefore  append  the  results 
in  detail. 

The  temperatures  were  noted  by  a  mercurial  thermometer  the 
bulb  of  which  was  continually  in  the  boiling  liquid. 
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When  about  485  c.  c.  had  passed  over,  the  temperature  rose 
very  suddenly  from  320"^  to  370°  C. 

The  remaining  460  c.c.  were  distilled  without  noting  temper- 
ature, in  an  iron  retort,  leaving  a  light  carbonaceous  residue. 

The  successive  fractions  gave  the  following  sp.  gr.  and  explo- 
sive tests,  the  latter  being  the  commercial  standard  as  marking 
the  temperature  at  which  the  liquid  exhales  an  inflammable 
vapor. 


Sp.gr. 

Beaom^. 

Expl.  tett 

Ist,  100  CO. 

755 

65-77 

68**  F. 

2nd,  100  " 

775 

61-80 

70OU 

3rd,  100  " 

793 

47-62 

100*»" 

4th,  100  »" 

816 

42-70 

156**** 

6th,  100  " 

838 

87-83 

196**  " 

6th,  100  " 

867 

82-08 

190**  " 

7  th,  60  " 

872 

81-18 

190**  " 

8th,  100  " 

890 

27-79 

181**  " 

9th,  100  « 

900 

26-00 

1710  « 

lOth,  100  " 

900 

2600 

140^  " 

The  color  of  these  products  varies  from  Nos.  1  and  2,  which 
are  quite  colorless,  through  3  to  7,  which,  commencing  in  8  as  a 
faint  pink,  become  red  in  6  and  7,  while  8,  9  and  10  can  hardly 
be  distinguished  in  color  from  much  of  the  better  quality  of 
crude  oil  flowing  from  the  best  wells,  having  the  same  change  of 
color  (dichroism)  by  reflected  and  transmitted  light.  The  un- 
rectified  products  would  arrange  themselves  thus  by  color — 

fractions. 
7th, 


I.  1st, 

2nd, 

3rd, 

II.  4th, 

5th, 

6th, 

III.  8th, 

9th, 

10th, 

But  in  the  actual  conduct  of  the  manufacture  of  this  oil,  I 
presume  the  distiller  would  make  three  divisions: 

Ist,  Light  oil,  including  the  l8t  fractions,  about  63-5^  commerciaL 

2d,   Burning  oil,     "         "    3     to     7        "  "      38-6*'         *' 

3d,   Lubricating  oil,         "8     to  10       "  "     28-0*         " 

By  mingling  a  portion  of  the  light  oil  with  the  heavier,  it  is 
probable  that  a  product  of  about  60  per  cent  would  be  obtained 
suitable  for  illumination. 

The  light  oil  and  the  burning  oil  are  perfectly  decolorized  by 
the  usual  treatment  with  sulphuric  acid  and  carbonate  of  soda. 
The  light  oil  has  a  highly  agreeable  smell,  and  none  of  the  other 
products  possess  any  of  the  heavy  and  disagreeable  odors  com- 
mon in  the  petroleum  products.  The  burning  oil  has  a  very 
high  illuminating  power,  and  fails  to  char  or  encrust  the  lamp- 
wick  after  an  hours  burning.    The  explosive  test  is  155°  F. 

The  densities  of  various  specimens  of  crude  California  petro- 
leum which  I  have  determined  range  from  0*859  to  0*972,  the 
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difference  being  apparently  due  to  the  greater  or  less  degree  of 
evaporation  and  oxydation  of  the  products  consequent  on  ex- 
posure to  the  warm  air  of  a  very  dry  climate.  The  specimens 
thus  far  examined  from  California  are  all  from  surface  springs. 
When  the  oil  is  drawn  from  artesian  borings  the  same  change 
of  density  will  undoubtedly  be  observed  as  in  Pennsylvania.  I 
found  the  surface  oil  of  Oil  Creek,  in  1865,  having  a  density  of 
•880  to  -885,  thick  in- warm  weather  as  thin  molasses,  and  in  cold 
weather  quite  viscid.  The  flow  of  wells  in  the  same  region  is 
now  quite  thin,  and  has  a  density  of  '800  to  'SSO. 

Appended  are  the  results  of  Mr.  Warren's  examination  of  the 
same  California  oil  now  under  consideration. 

"To  Prof.  Silliman,  New  Haven. 

^^  Dear  Sir — The  results  of  my  examination  of  the  crude  California 
petroleum  which  you  sent  me  through  Messrs.  Spear,  Burke  &  Co.,  of  this 
city,  and  which  bore  the  seal  of  Messrs.  Wyeth  &  Bro.,  are  as  follows : 

•*  Specific  gravity  at  17  c  0-864=33'^  Beaura6. 
1250  C.C.  of  the  crude  substance  subjected  to 
my  process  of  fractional  condensation,  gave —      )   q      ./> 

41  cc  of  light  oil  between    93«»  and  100*»C.  V  .^P««»°c  grav- 
43     "  "      "         -       100^  and  140«  C.  )  '^^  """^  ^^^°- 

626     **       Burning  oil    "       140*>  and  310''  C.  sp.  gr.==44**  B. 

From  this  point  the  distillation  was  conducted  in  the  ordinary 
manner  from  a  common  retort,  no  thermometer  being  used. 
270     "    lubricating  oil  of  sp.  gr,  29J^**  Beaum6. 
293     •*  "  "  **       28°  " 

1172  c.  c  =  98*8  per  cent  of  total  prodnct 

^The  residue  left  in  the  retort  was  dry  coke.  After  treatment  with 
sulphuric  acid  and  alkali  the  light  oil  and  the  burning  oil  were  nearly  or 
quite  colorless.  The  lubricating  oil  had  a  yellowish  color.  The  odor  of 
the  burning  oil  was  extremely  agreeable,  fully  equal  in  this  respect  to  the 
best  kerosene  or  refined  Ptiunsylvania  petroleum.  The  other  products 
were  also  entirely  free  from  disagreeable  odor,  and  indeed  the  same  may 
be  said  of  the  crude  oil  itself.  In  this  res|)oct  it  is  readily  distinguish- 
able from  the  Pennsylvania  petroleum. 

*'  The  burning  properties  of  the  illuminating  oil  are  not  surpassed  by 
any  oil  which  I  have  seen. 

"  What  I  have  called  light  oil  is  not  very  volatile,  and  would  not,  I 
think,  rank  in  the  market  as  naphtha,  at  least  not  that  taken  between 
100°  and  140°  C. ;  and  it  is  my  opinion  that  the  burning  oil  would  take 
the  whole  of  the  light  oil,  and  still  bear  the  commercial  fire  test  In  that 
case  some  of  the  lighter  of  the  lubricating  oil  probably  might  be  run  into 
the  burning  oil,  so  that  the  yield  of  the  latter  would  be  over  60  per  cent" 

Boston,  March  81, 1865." 

*  The  specific  gravity  of  the  mixture  d«tendlued4>y  me  is  0*758:7:58°  Beaumd. — S. 
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SCIENTIFIC    INTELLIGENCE. 

I.    PHYSICS  AND  CHEMISTRY. 

1.  On  the  determination  of  lime, — Fritzschb  has  made  the  very  simple 
yet  important  discovery  that  oxalate  of  lime  may  be  easily  and  complete- 
ly converted  into  caustic  lime  free  from  every  tr(ice  of  carbonate  by  sim- 
ple ignition  over  a  blast  lamp.  The  tedious  processes  recommended  in 
works  on  analytical  chemistry,  such  as  ignition  with  carbonate  of  ammo- 
nia, conversion  into  sulphate  of  lime,  etc.,  become  unnecessary,  and  will 
hardly  be  employed  in  future.  The  author  used  in  his  experiments  a 
platinum  crucible  88">">.  in  height  and  27«»"».  in  width  at  the  top :  the 
Ignition  took  plac«  over  a  gas  lamp  consisting  of  six  Bunsen*s  burners,  (the 
ordinary  Bunsen^s  blast  lamp  would  doubtless  answer  even  better).  In 
four  expffriments  Fritzsche  obtained  from  known  weights  of  oxalate  of 
lime  99-9,  100*08,  10008  and  99-98  per  cent  of  the  calculated  quantity 
of  lime.  In  all  these  experiments  the  ignition  was  not  continued  longer 
than  15  minutes.  In  a  large  platinum  crucible,  quantities  of  the  oxalate 
not  exceeding  one  gram  could  be  rendered  perfectly  caustic  in  15  min- 
utes, but  SO  minutes  were  necessary  for  a  quantity  of  more  than  8  grams. 
Precipitated  carbonate  of  lime  was  also  completely  converted  into  caus- 
tic lime  by  ignition,  and  the  method,  as  giving  results  which  are  more 
accurate  and  more  easily  obtained  than  those  of  the  older  processes,  will 
doubtless  come  at  once  into  general  use. — Journal  fur  prakt.  Chemie^ 
zciii,  885.  w.  g. 

2.  On  the  sulphur  compounds  of  uranium. — Rem blb  has  found  that 
the  brown  precipitate  which  sulphid  of  ammonium  produces  in  a  solution 
of  nitrate  of  uranium  is  neither  sulphid  of  uranium  nor  a  mixture  of 
protoxyd  of  uranium  and  sulphur  as  was  formerly  supposed.  The  pre- 
cipitate changes  rapidly  when  formed  in  an  aqueous  solution  and  becomes 
orange  and  then  yellow.  When  formed  in  an  alcoholic  solution,  the  pre- 
cipitate is  permanent  and  has  the  formula  U^OjS,  so  that  it  is  analogous 
to  the  well  known  chlorid  U2O2CI.  By  boiling  in  presence  of  sulphid  of 
ammonium  the  compound  is  easily  decomposed  into  sulphur  and  hydrate 
of  protoxyd  of  uranium. — Ann,  der  Chemie  und  FJiarmacie^  III  Supple* 
metitband,  p.  196.  w.  o. 

8.  liote  on  the  regenerative  gasfumaees  of  the  brothers  Siemens, — ^The 
regenerative  gas-furnaces  of  the  Messrs.  Siemens  are  so  interesting  and 
suggestive  that  we  make  no  apology  for  again  calling  attention  to  them, 
supposing  of  course  that  their  general  features  are  sufficiently  familiar 
from  the  description  given  by  Dr.  Faraday,  and  quoted  in  the  last  num- 
ber of  this  Journal.  Two  points  which  appear  to  us  of  special  import- 
ance are,  first,  the  extremely  high  temperature  which  can  be  obtained  and 
which  in  fact  is  limited  only  by  the  nature  of  the  materials  employed  in 
the  construction  of  the  furnace,  and  secondly,  the  possibility  of  employing 
at  will  either  an  oxydizing  or  a  reducing  atmosphere.  The  brothers  Sie- 
mens have  already  applied  their  furnaces  to  puddling  and  reheating,  but 
we  venture  to  predict  for  them  a  very  extensive  use  in  metallurgical  pro- 
cesses.   Thus,  it  is  well  worth  while  to  determine  by  direct  experiment 
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upon  a  large  scale  whether  the  rich  iron  ores  of  Lake  Champlain,  Lake 
Superior  and  Missouri,  cannot  be  directly  reduced  to  the  naetallic  state  by 
heating  them  to  a  sufficiently  high  temperature  in  the  chamber  of  a 
Siemens  furnace,  and  then  changing  the  gaseous  mixture  in  the  furnace  to 
a  reducing  condition.  This  would  in  fact  be  blooming  upon  a  large  scale, 
and  would  not  improbably  avoid  the  inconvenience  and  expense  of  bloom- 
ing in  the  small  way,  which  in  spite  of  the  superior  quality  of  the  iron 
produced  has  been  almost  wholly  superseded  by  the  cheaper  process  of 
puddling.  Experiment  only  can  determine  whether  fluxes  can  be  used 
with  advantage  in  blooming  in  this  manner,  when  poorer  ores  are  em- 
ployed. Ores  of  copper  could  doubtless  be  roasted  and  reduced  in  furna- 
ces of  this  construction,  and  with  some  additions  to  the  original  plan,  the 
sulphurous  acid  formed  during  the  roasting  might  be  directly  converted 
into  sulphuric  acid  in  leaden  chambers.  But  it  is  for  the  metallurgy  of 
iron  that  the  new  furnaces  will  probably  be  found  most  advantageous. 
As  the  temperature  attainable  is  extremely  high,  it  may  even  be  found 
practicable  to  melt  the  malleable  iron  formed  by  the  direct  reduction  of 
the  ore,  the  walls  of  the  fire-chamber  being  lined  with  lime  as  more  refrac- 
tory than  any  fire-clay.  But  even  if  this  rather  bold  suggestion  should 
not  be  realized,  it  is  at  least  probable  that  the  earthy  impurities  of  the 
ore  would  be  reduced  to  a  peculiarly  fluid  condition,  so  that  the  blooma 
could  be  easily  treated  under  the  hammer  and  brought  into  the  form  of 
malleable  iron.  For  the  rest,  there  is  hardly  a  branch  of  manufacture  in 
which  beat  is  employed  upon  the  large  scale  in  which  furnaces  on  the 
regenerative  principle  would  not  find  an  application.  We  suggest  that 
small  gas  furnaces  could  be  made  upon  the  same  principle  for  laboratory 
use  and  for  various  processes  in  the  arts,  using  the  ordinary  city  gas,  how- 
ever, as  fuel  instead  of  gas  produced  by  a  special  furnace.  The  hiffh 
temperature  obtained  in  Oore's  gas-furnaces  appears  to  be  due  to  the 
heating  of  the  air  and  gas  before  they  mix  in  combustion.  w.  o. 

4.  On  some  aluminum  compounds. — Buokton  and  Odling  have  stud- 
ied the  action  of  aluminum  upon  ethyl-mercury  and  methyl-mercury,  and 
have  Urns  obtained  ethyl-aluminum  and  methyl-aluminum  without  difli- 
culty  and  in  considerable  quantity.  Ethyl-mercury,  or,  as  the  authors 
term  it,  mercuric  ethid,  with  an  excess  of  clippings  of  aluminum,  was 
heated  for  some  hours  in  sealed  tubes  in  a  water  bath,  when  the  mercury 
was  found  to  be  completely  displaced  by  the  aluminum.  After  distilla- 
tion the  alun>inic  ethid  was  obtained  as  a  colorless  mobile  liquid  which 
boiled  at  104^  C.  and  did  not  solidify  at  -18**  0.  It  evolved  dense  white 
fumes  on  exposure  to  the  air,  and  when  in  thin  layers  took  fire  spontane- 
ously burning  with  a  bluish-red  edged  flame,  and  producing  an  abundant 
smoke  of  alumina.  Analysis  gave  nearly  the  formula  Al2(C4H5)3  or 
AI4  {C^Hj)^.  The  vapor-density  at  234**  C.  was  found  to  be  4-6,  the 
theoretical  number  for  AljCC^H^),  being  3*9,  whence  it  would  appear 
that  the  true  molecular  formula  is  Al2(C4H5)3  and  not  A\^{C^U^)^. 
Water  decomposes  aluminic  ethid  with  explosive  violence.  Iodine 
forms  iodo-derivatives  and  iodid  of  ethyl.  Oxygen  gives  a  body  appar- 
ently analogous  to  boric  di-oxyethid.  Aluminic  methid  was  obtained 
as  a  colorless  mobile  liquid  boiling  at  130**  0.  and  solidifying  a  little 
above  0**  to  a  beautiful  transparent  crystalline  mass.    The  liquid  takef 
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fire  spontaneously  in  the  air.  The  formula  of  this  body  was  found  to  be 
Al2(C2H3)3,  with  which  the  vaporKiensity  2*80  closely  agrees,  the  theo- 
retical number  being  2'6.  But  the  vapor-density  was  found  to  increase 
very  rapidly  as  the  temperature  diminished,  so  that  it  is  probable  that  at 
a  temperature  not  far  removed  from  the  boiling  point  the  molecular  for- 
mula would  be  AI^(C2H3)g.  The  authors  ask  whether  the  observed 
vapor-density  of  aiuminic  chlorid  may  not  correspond  to  the  high  den- 
sity of  aiuminic  liiethid,  so  that  both  may  be  anomalous  and  untrust- 
worthy for  determining  the  general  formulae  of  aluminum  compounds. 
— Chemical  News^  No.  271,  p.  61. 

6.  On  the  densiiy  of  the  vapor  of  salammoniac-^—H.  St.  Clairk  De- 
viLLE  has  repeated  his  important  experiments  on  the  density  of  the  va- 
por of  sal-ammoniac,  and  has  replied  to  the  objections  made  by  various 
chemists  to  the  conclusions  drawn  from  his  first  researches.  The  author 
shows  conclusively,  by  an  ingenious  piece  of  apparatus,  that  chlorhydric 
acid  and  ammonia,  each  heated  to  a  temperature  of  860**  C,  combine  with 
a  sensible  evolution  of  heat,  so  that  at  this  temperature  the  vapor  the 
density  of  which  is  taken  cannot  be  regarded  as  a  mixture  of  HCl  and 
NHg,  but  must  be  admitted  to  be  NH^CI,  the  vapor-density  of  which 
corresponds  to  8  volumes  (H=:2)  and  not  to  4  volumes  as  in  the  case  of 
other  organic  compounds.  Deville  suggests  that  the  proof  that  no  simple 
or  compound  substance  corresponds  for  one  equivalent  to  1  or  to  8  vol- 
umes rests  with  those  chemists  who  make  this  assertion,  and  that  until 
that  proof  is  given  the  assertion  amounts  to  a  pure  hypothesis.  Among 
other  difficulties,  the  following  is  suggested  to  the  partisans  of  the  so- 
called  anomalous  densities. 

(1.)  Sulphydric  acid  forms  with  ammonia  two  distinct  crystalline  and 
volatile  compounds,  the  formulee  of  which  are  respectively  NH^S,  and 
NH4S,  HS.  Sulphid  of  ammonium  represents  4  volumes  of  vapor ;  its 
condensation  is  ^ :  sulphydric  acid  and  ammonia  combine  and  remain 
combined  at  the  temperature  (for  example  100^  C.)  at  which  we  deter- 
mine the  density  of  the  vapor.  Sulphydrate  of  sulphid  of  ammonium  rep- 
resents 8  volumes  of  vapor ;  its  condensation  is  nothing.  If  we  suppose 
its  elements  separated  at  the  temperature  at  which  we  take  the  vapor- 
density  (100^  for  example),  we  must  admit  that  it  separates  into  am- 
monia and  sulphydric  acid,  NQ3  and  2HS,  each  giving  four  volumes  and 
having  8  volumes  as  their  sum.  Now  at  this  temperature  the  elements 
can  only  separate  into  sulphid  of  ammonium  and  sulphydric  acid,  giving 
the  one  4  volumes  and  the  other  2  volumes,  the  sum  of  which  is  6. 
Hence,  if  the  sulphydrate  were  decomposed  at  the  temperature  at  which 
the  vapor-density  is  taken,  it  ought  to  furnish  6  volumes,  and  as  it  fur- 
nishes in  reality  8  volumes,  it  follows  that  it  is  not  decomposed. 

(2.)  In  the  case  of  bodies,  simple  and  compound,  which  present  vapor- 
densities  variable  with  the  temperature,  it  cannot  be  said  that  these  den- 
sities would  become  normal  if  the  temperatures  could  be  sufficiently 
increased,  because,  as  Deville  and  Troost  have  shewn,  as  the  temperatures 
increase  the  vapor-densities  diminish  toward  a  constant  limit,  so  that  the 
coefficients  of  expansion  must  also  become  constant  and  differ  insensibly 
from  0*00367.  To  admit  that  the  coefficient  of  expansion  of  arsenic  and 
phosphorus  vapors  may  be  different  from  this  number,  in  order  to  show 
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that  these  vapors  do  not  correspond  to  one  volume  (H:=2)  is  to  make 
an  assumption  which  is  inadmissible  in  the  present  state  of  science. — 
Comptes  RenduB^  Hx,  1057. 

6.  On  the  dispersion  of  light  produced  by  the  rotation  of  the  plane  of 
polarization  in  quartz, — Stefan  has  given  a  beautiful  method  of  forming 
a  spectrum  by  means  of  the  dispersion  of  the  planes  of  polarization  pro- 
duced by  plates  of  quartz.  A  bundle  of  parallel  plane-polarized  rays  of 
white  light  is  allowed  to  fall  upon  a  glass  cone,  the  sides  of  which  make 
with  the  axis  an  angle  equal  to  the  angle  of  polarization.  The  reflected 
rays  are  received  upon  a  screen  perpendicular  to  the  axis  of  the  cone  and 
produce  a  circular  sector  in  which  the  maximum  intensity  of  light  cor- 
responds to  the  rays,  the  plane  of  reflection  of  which  is  parallel  to  the 

•  plane  of  polarization.  If  we  introduce  a  plate  of  quartz  cut  perpendicu- 
lar to  the  axis  into  the  path  of  the  bundle  of  incident  parallel  rays,  the 
position  of  the  maximum  is  different  for  differently  colored  rays,  and  the 
sector  then  exhibits  the  different  colors  of  the  spectrum.  In  this  manner 
the  dispersion  of  the  planes  of  polarization  is  rendered  visible.  In  the 
same  manner,  if  we  receive  the  oolarized  bundle  of  rays  transmitted  by  a 
plate  of  quartz  upon  a  plate  of  spar  cut  perpendicular  to  the  axis  which 
gives  in  the  analyzer  a  system  of  rings  traversed  by  a  black  cross,  each  of 
the  branches  of  this  cross  will  be  replaced  by  a  sort  of  fan  exhibiting  the 
different  colors  of  the  spectrum. 

Measurements  the  details  of  which  are  not  yet  published  have  led 
Stefan  to  represent  the  rotations  due  to  a  plate  of  quartz  V^^,  in  thick- 

8*1088 
ness  by  the  formula  q  =  — y^ 1*697 

in  which  the  wave  length  ^  is  expressed  in  thousandths  of  a  millimeter. 
From  this  formula  we  should  deduce  the  remarkable  consequence  that  the 
rotation  would  be  zero  for  rays  of  a  wave  length  equal  to  0*002 186"*% 
and  would  change  its  sign  when  this  limit  is  exceeded. — Ann,  de  Chimie 
€t  de  Physique^  [4],  iii,  601.  w.  o. 

7.  On  combustion  by  invisible  rays. — At  the  Newcastle  meeting  of  the 
British  Association  in  1863,  Dr.  C.  R.  Akin  proposed  three  experiments 
by  means  of  which,  if  successful,  rays  of  heat  could  be  converted  into 
rays  of  light.  One  of  these  experiments  consisted  in  converging  the 
sun's  rays  by  means  of  a  concave  mirror,  then  cutting  off  the  light  by 
**^  proper  absorbents,**  and  then  igniting  platinum  foil  in  the  focus  of  the 
invisible  rays.  Want  of  means  appears  to  have  prevented  the  execution 
of  the  proposed  experiments ;  but  Dr.  Tyndall,  who  had  devised  experi- 
ments of  a  similar  character,  and  who  had  discovered  a  liquid  possessing 
precisely  the  required  properties,  has  recently  succeeded  in  the  conversion 
of  rays  of  heat  into  rays  of  light  in  a  very  striking  and  instructive  man- 
ner. Tyndall  employed  an  electric  lamp  of  Duboscq  and  a  linear  thermo- 
electric pile,  the  spectrum  being  formed  by  lenses  and  prisms  of  rock  salt. 
As  in  the  case  of  the  solar  spectrum,  the  heat  was  found  to  increase  in 
intensity  from  the  violet  to  the  red,  rising  to  a  maximum  beyond  the  red 
at  a  distance  about  equal  to  the  distance  of  the  green  on  the  more  re- 
frangible side.  The  curve  of  intensities  rises  beyond  the  red  into  a  steep 
and  massive  peak,  quite  dwarfing  the  radiation  of  the  luminous  part  of 
the  spectrum.     Water  interposed  cuts  away  the  peak  in  part ;  the  vapor 
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of  water,  according  to  Tyndall,  would  do  the  same,  and  this  explains  the 
difference  between  the  heat-spectra  of  the  electric  and  solar  light,  the 
peak  being  much  higher  relatively  in  the  former  than  in  the  latter  oase. 
After  several  trials  the  author  found  that  a  solution  of  iodine  in  bisulphid 
of  carbon,  so  opake  as  to  cut  off  the  light  of  the  midday  sun,  was,  withia 
the  limits  of  experiment,  absolutely  transparent  to  invisible  radiant  beat. 
When  the  rays  from  the  electric  lamp  were  concentrated  into  a  cone  by 
means  of  a  small  glass  mirror  silvered  in  front,  a  cell  containing  the  solu- 
tion of  iodine  absorbed  the  light  completely,  while  the  invisible  rays  of 
heat  being  brought  to  a  focus  set  fire  to  paper,  wood,  charcoal  and  other 
substances.  With  a  sufficient  battery  power  a  plate  of  platinized  p]a« 
tinum  is  rendered  white-hot  at  the  focus  of  the  invisible  rays,  and  then 
yields  a  complete  and  brilliant  spectrum.  The  image  of  the  carbon- 
points  of  the  electric  lamp  formed  upon  the  platinum  plate  becomes  visi- 
ble as  the  plate  becomes  red-hot,  and  a  species  of  thermograph  is  ob- 
tained, as  is  well  shown  by  drawing  the  points  apart  or  causing  them  to 
approach  each  other,  the  red-hot  image  following  the  motion.  In  this 
case  the  invisible  rays  of  heat  have  their  refrangibility  raised  in  becoming 
visible,  while  in  the  case  of  fluorescence  the  invisible  rays  of  light  have 
their  refrangibility  lowered.  Tyndall  proposes  to  apply  the  term  calarei- 
cence  to  the  phenomena  of  heat  in  question,  a  term  which  is  certainly 
preferable  to  the  word  **  calcescence  employed  by  Akin.  We  regret  to 
see  that  a  bitter  personal  controversy  has  been  carried  on  in  a  prominent 
English  scientific  journal  between  Dr.  Tyndall  and  Dr.  Akin  as  to  the 
proprietary  rights  of  each  in  the  beautiful  experiment  above  described. 
Into  the  merits  of  this  controversy  we  cannot  enter ;  we  may,  however, 
be  allowed  to  express  the  opinion  that  the  experiment  in  question  does 
not  involve  much  originality  of  conception,  but  that  it  is  a  very  simple 
and  natural  deduction  from  the  experiments  and  results  of  Melloni  upon 
smoked  rock  salt  and  upon  the  production  of  light  without  sensible  heat 
—L.  c^  K  Phil.  Mag.,  March,  1865,  p.  241.  w.  a. 

8.  On  the  Electrical  properties  oj  Pyraxiline-paper  and  Gun-cotton  ; 
by  Prof.  J.  Johnston.  (In  a  letter  to  Prof.  Silliman,  dated  Middletown, 
Conn.,  January  25,  1865.) — You  did  me  the  honor,  a  year  ago,  to  pub- 
lish in  the  Journal  a  note  of  mine  on  the  electrical  properties  of  pyroxi- 
line  paper  and  gun-cotton,  adding  an  approving  note  of  your  own.  Hav- 
ing lately  had  opportunity  to  make  some  further  e^^periments  with  the 
same  substances,  I  herewith  send  you  the  results. 

It  is  proper  to  say  that  both  the  paper  and  the  cotton  were  prepared 
nearly  a  year  affo,  and  may  have  undergone  some  change,  though  noth- 
ing of  the  kind  was  apparent  to  the  eye,  except  that  one  sheet  of  tJie 
paper  used  seemed  at  one  place  a  little  discolored. 

The  substances  experimented  with  were  amber,  sealing  wax^  sulphur^ 
gum  lac,  pitch,  rosin,  caoutchouc  (native  rubber),  hard  rubber  (stick  ob- 
tained of  Messrs.  J.  F.  Luhme  &  Go.  of  New  York),  common  vulcanized 
rubber  (as  used  in  forming  gas  bags),  gutta  percha,  and  various  crystal- 
lized mineral  substances.  But  these  last,  becoming  always  positive,  will 
not  be  further  alluded  to.  The  sulphur  by  friction  with  the  gun-cotton 
always  became  positive,  and  also  by  friction  with  different  sheets  of  the 
paper,  except  in  a  single  instance,  when  using  the  paper  which  was 
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slightly  discolored,  it  appeared  to  be  feebly  negative.  RosiD,  pitcb, 
gum  lac,  and  amber,  both  with  the  paper  and  the  cotton,  became  always 
positive,  as  did  also  the  native  rubber,  by  which  I  mean  the  rubber  as 
it  is  imported.  Sealing-wax  with  the  cotton  became  always  positive, 
but  with  the  paper  occasionally  negative.  Vulcanized  rubber  (the  kind 
used  in  making  gas  bags)  would  sometimes  become  positive  and  some- 
times negative,  and  the  same  was  true  of  gutta  percha,  two  different 
specimens  being  used.  The  hard  rubber  firom  Luhme  &  Co.)  became 
always  negative,  both  with  the  paper  and  the  cotton.  This  being  con- 
trary to  the  results  obtained  by  yourself  with  this  substance,  I  made 
very  many  trials,  but  always  with  the  same  result. 

In  all  cases  after  friction  with  other  substances,  whether  the  latter 
became  positive  or  negative,  the  paper  and  cotton  would  be  found  in- 
variably negative.  Sheets  of  the  paper,  when  handled,  especially  in 
cold,  dry  weather,  often  become  highly  excited, — always  negatively,  so 
far  as  has  been  determined ;  and  my  son  informs  me  that  sometimes, 
when  handling  considerable  quantities  of  the  recently  prepared  paper, 
he  was  even  fearful  that  it  might  become  ignited  by  the  sparks  pro- 
duced ! 

I  will  just  remark  in  closing,  that  in  making  experiments  like  these, 
great  care  is  required  in  order  that  the  results  arrived  at  may  be  satis- 
factory. This  is  particularly  the  case  when  it  is  necessary  to  nib  a 
substance,  as  a  roll  of  sulphur  or  a  stick  of  sealing-wax,  successively 
with  different  substances,  some  of  which  give  the  positive  and  others 
the  negative  electricity.  Occasionally  it  will  be  found  that  the  sub- 
stance will  be  positive  at  some  points  and  negative  at  others ;  and  in 
snch  cases  the  only  way  is  to  lay  the  particular  specimens  aside  until 
they  shall  have  returned  to  their  natural  condition  at  all  points.  Some- 
times a  substance  when  first  rubbed,  after  having  remained  undisturbed 
twenty-four  hours  or  more,  will  take  on  one  electricity,  but,  by  continu- 
ing the  friction  a  very  little  time,  it  will  take  on  the  other.  Thus,  a 
stick  of  sealing-wax  in  its  natural  state,  when  gently  rubbed,  one  or  two 
strokes,  with  a  silk  handkerchief,  will  often  be  found  decidedly  positive, 
but  by  a  few  strokes  more  it  will  become  as  decidedly  negative ;  and  it 
cannot  be  made  positive  again  by  friction  with  silk  until  allowed  by  re- 
pose first  to  return  to  its  natural  state. 

IL  MINERALOGY  AND  GEOLOGY. 

1.  On  Tin  Ore  at  Durango  in  Mexico  ;  by  Prof  C.  F.  Chandler. — 
I  have  recently  examined  a  sample  of  1450  grams  of  tin  ore  from  Du- 
rango, and  find  it  to  be  a  handsome  ^  wood  tin  "  in  pebbles  and  fibrous 
crusts,  some  of  which  are  an  inch  in  their  longest  diameter.  The  color 
varies  from  a  very  light  brown  to  black. 

Associated  with  the  cassiterite,  there  are  brilliant  crystals  of  topaz, 
some  of  which  are  half  an  inch  lon^.  They  vary  from  transparent  to 
opaque,  and  from  colorless  to  deep  brown.  I  have  not  been^able  to 
examine  them  very  closely,  but  have  noticed  the  planes  0,  /,  t2,  and  2. 
Owing  to  the  development  of  the  planes  t2  and  2,  and  their  rich  brown 
color,  some  of  the  crystals  might  easily  be  mistaken  for  cassiterite. 
Am.  Joxtb.  Scl— Second  Sbribs,  Vol.  XXXIX,  No.  117.— Mat»  1866. 
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The  sample  examiDed  gave — 

Tin  (by  crucible  assay),  .  -  -  .  -    flO-flO 

Topaz  crystals  easily  separated  by  ihe  process^    •  •  8*10 

Other  topaz  crystals^  too  small  to  be  easily  separated,  *      100(1) 

Oxygen  and  impurities  (by  difference),      •  -  •  45*00 

100-00 
The  material  used  for  the  assay  was  very  carefully  averaged,  by  pul- 
verizing about  500  grams  of  the  ore,  after  the  topaz  crystals  had  been 
separated.     A  correction  was  subsequently  made  in  the  result  of  the 
assay  corresponding  to  the  quantity  of  topaz  removed. 
School  of  Mines,  Columbia  College,  N.  T^  Dec  28. 

2.  Note  by  F,  B.  Meek  and  A.  H.  Worthen  in  relation  to  a  genus  of 
Crinoids  from  the  Coal-measures  of  Illinois  and  Nebraska^  proposed  by 
them  on  p.  174  of  the  last  number  of  this  Journal, — At  the  time  we  pro- 
posed the  name  Erisocrinus  for  this  genus,  we  were  not  aware  that  M. 
feoninck  had  described  it  under  the  name  Philocrinus  in  1863,  among 
some  Carboniferous  fossils  from  India  (see  Memoire  sur  Foss,  Palceozo- 
iques  Recuexllis  dans  Vlnde^  p.  21.  Liege^  1863).  Owing  to  the  fact  that 
Mr.  Koninck*s  figure,  (probably  from  the  wearing  of  the  stone  from 
which  the  impressions  wore  taken,)  dees  not  show  the  basal  pieces,  nor 
distinctly  their  connection  with  the  subradials,  we  had  overlooked  the 
generic  identity  of  the  American  and  Indian  species.  On  comparison 
with  his  description,  however,  it  becomes  evident  that  our  Crinoid  agrees 
exactly  in  its  generic  characters  with  his.  This  being  the  case,  we 
cheerfully  withdraw  our  name,  and  arrange  our  species,  which  differ 
specifically  from  that  described  by  him,  under  his  name.  In  doing  this 
it  also  becomes  necessary  to  change  one  of  our  specific  names  {E.  typus), 
since  it  is  not  the  typical  species  of  Koninck's  genus.  Hence  our  spe- 
cies may  be  called  Philocrinus  pelvis  and  P,  Neorascensis. 

It  is  worthy  of  note  that  Mr.  Koninck's  figure  of  the  arms  and  sec- 
ondary radial  pieces  of  this  type,  together  with  its  other  characters, 
show  it  to  be  closely  allied  to  the  still  older  genus  Bursacrinus,  Meek  &: 
Worthen,  1861,  which  only  differs  in  the  possession  of  an  anal  piece, 
and  the  consequent  truncation  of  one  of  the  subradials. 

3.  On  the  Oil  Formation  in  Michigan  and  elsewhere ;  by  Prof.  A. 
WiNCHKLL,  of  the  Michigan  University.  From  a  report  on  the  "Baker 
Tract,"  near  Lakeport,  St.  Clair  Co.,  Michigan.  8  pp.  8vo.  Detroit,  1864. 
— In  most  of  the  Northwestern  States  occurs  a  formation  which  has  been 
known  among  American  geologists  as  the  Black  Slate  or  Black  Shale. 
It  is  well  known  in  Ohio,  Indiana,  and  Kentucky,  and  extends  also  into 
the  surrounding  States.  It  was  formerly  supposed  by  Prof.  Hall,  to  be 
the  western  representative  of  the  "Marcellus  Shale"  of  New  York;  but 
the  researches  of  western  geologists  tend  rather  to  prove  its  equivalency 
with  the  •*  Genesee  Shale"  of  New  York.  The  color  of  the  rock  is  due 
to  the  presence  of  a  large  amount  of  carbonaceous  or  bituminous  matter, 
believed  to  be  derived  from  the  vegetation  of  the  period  in  which  the 
shales  were  deposited. 

Similar  black  shales  were  brought  to  light  by  Dr.  Houghton,  many 
years  ago,  in  the  lower  peninsula  of  Michigan  ;  and  the  opinion  was  ex- 
pressed by  him  and  by  Mr.  Hubbard,  his  assistant,  that  these  shales  were 
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of  tlie  saine  geological  age  as  the  black  slate  of  Ohio  and  Indiana.  The 
same  formation  was  subsequently  described  by  Mr.  Murray,  of  the  Canada 
gef>logical  survey,  as  making  its  appearance  at  various  points  in  Canada 
West ;  and  the  geologists  of  that  survey  speak  of  the  formation  as  con- 
stituting the  principal  part  of  the  '^Hamilton  group*'  as  known  in  Can- 
ada. In  the  prosecution  of  the  geological  survey  of  Michigan,  I  enjoyed 
the  opportunity  to  establish,  by  direct  comparisons,  the  identiiy  between 
the  Black  Slate  of  Michigan  and  that  of  Ohio  and  Indiana,  and,  by 
proving  that  it  lies  stratigraphically  above  the  limestones  of  the  Hamil- 
ton group,  have  established  its  distinction  from  the  Marcellus  shale,  and 
co-ordinated  it  with  the  Genesee  shale  of  New  York.  It  is  locally  known 
as  the  Huron  Ghroup, 

The  geographical  distribution  of  this  formation  in  Michigan,  will  be 
seen  by  a  reference  to  my  Report  for  1860.  The  strata  along  the  eastern 
slope  of  the  lower  peninsula  of  Michigan  dip  westward  beneath  the  Car- 
boniferous rocks  of  the  interior.  This  dip,  however,  is  extremely  slight, 
and  the  Huron  group  does  not  terminate  at  the  waters  of  Lake  Huron 
and  the  river  St.  Clair.  It  prolongs  itself  eastward,  and  overlaps  the 
angle  of  Canada  West,  finally  thinning  out  along  a  line  extending  from 
the  mouth  of  Maitland  river  to  a  point  on  the  Great  Western  Railway,  a 
few  miles  ea«4t  of  Bothwell. 

The  lithological  characters  of  the  formation  are  but  little  varied. 
Throughout  its  entire  thicknesss  of  600  or  700  feet,  it  is  argillaceous  and 
generally  bituminous.  The  most  bituminous  and  darkest  colored  por- 
tions seem  to  be  situated  near  the  bottom  of  the  group.  We  know,  at 
least,  that  they  are  not  near  the  upper  part  of  the  group.  Oilier  por- 
tions of  the  series  consist  of  bluish,  argillaceous  shales  and  plastic  clays, 
ranging  in  color  from  bluish  to  whitish.  Numerous  bands  of  sandstone, 
and  of  arenaceous  magnesian  limestone,  from  four  to  eighteen  inches  in 
thickness,  occur  irregularly  in  the  middle  and  upper  portions  of  the 
group.  Bands  of  iron  pyrites,  of  local  extent,  but  sometimes  from  one 
to  six  inches  through,  are  found  imbedded  in  the  shales  and  clays.  The 
**  black  slate  ^  proper,  of  the  series,  is  freely  combustible ;  and  in  some 
cases,  where  fire  has  been  communicated  by  accident  to  outcropping 
masses,  the  combustion  has  survived  for  months.  By  distillation,  this 
shale  afibrds  petroleum  and  all  the  related  compounds.  lis  appearance 
at  the  surface  is  generally  regarded  as  an  indication  of  coal,  and  many 
serious  disappointments  have  resulted  from  ignorance  of  the  fact  that  the 
*' black  slate'*  is  several  hundred  feet  beneath  the  coal  measures. 

The  bituminous  shales  of  this  group  of  rocks  are  generally  considered 
to  l)e  the  source  of  most  of  the  native  petroleum  of  the  Northwestern 
States.  It  is  the  opinion  of  Dr.  T.  S.  Hunt,  of  the  Geological  Commis- 
sion of  Canada,  that  the  product  issues  from  a  bituminous  limestone — 
the  Corniferous  limestone — next  underlying  these  shales;  but  though  this 
limestone  may  unite  its  exhalations  with  those  of  the  Huron  group,  it 
seems  more  probable  that  the  latter  supplies  the  principal  amount  of  the 
bituminous  flow.  It  is  also  asserted  that,  at  least  in  a  few  cases,  petrole- 
um is  eliminated  in  quantities  of  commercial  importance  from  the  rocks 
embraced  in  the  coal  measures. 

Wherever  the  oil-producing  shales  ^re  exposed  to  the  air,  or  covered 
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by  a  porous  medium,  tbe  product  of  the  elow  spontaueous  distilUtioii 
going  on  escapes  into  the  atmosphere,  and  is  lost  Where  the  shales  ara 
covered  by  an  impervious  layer,  as  of  shale  or  plastic  clay,  the  oil  and 
gas  elaborated  are  retained  in  the  rocks,  filling  cavities  by  driving  the 
crater  out  by  elastic  pressure,  and  saturating  porous  strata  embraced  in  the 
formation,  or  intervening  between  it  and  the  impervious  cover  above.  In 
the  oil  region  of  Ohio  and  Pennsylvania,  an  overlying  sandstone  becomes 
the  reservoir  in  which  these  products  are  accumulated ;  and  the  oil  wells 
of  that  region  consequently  terminate  in  that  sandstone  without  pene- 
trating to  the  original  source  of  the  oil.  Throughout  the  oil-producing 
region  of  Canada  and  Michigan,  this  sandstone  is  wanting,  but  the 
destruction  of  the  outcropping  shales  by  geological  agencies  has  created 
an  immense  deposit  of  argillaceous  drift  material,  which  forms  an  im- 
pin'vious  cover  for  the  petroleum  beds.  In  Enniskillen  the  lower  porUoQ 
of  this  drift  deposit  is  rendered  somewhat  porous  by  the  presence  of 
gravel,  and  this,  in  consequence,  has  become  saturated  with  oil  in  the 
same  manner  as  the  overlying  sandstone  of  Ohio  and  Pennsylvania.  By 
boring  into  the  rock,  however,  a  lighter  and  purer  oil  is  found  surcharg- 
ing the  beds  of  sandstone  and  arenaceous  limestone  by  which  the  group 
is  intersected.  It  is  found  that  the  quality  of  the  oil  improves  with  the 
depth  from  which  it  is  obtained.  That  drawn  from  the  drift  gravel  lying 
upon  the  surface  of  the  rock,  is  dark,  thick,  and  impure,  and  commands 
but  a  moderate  price  for  purposes  of  distillation.  It  is  now  principally 
employed  for  lubrication. 

Though  it  is  not  yet  actually  demonstrated  that  rock  oil  exists  in  Mich- 
igan in  quantities  of  economical  importance,  we  possess  every  favorable 
indication  which  has  ever  been  discovered  in  the  prosecution  of  this  new 
branch  of  industry.  In  the  first  place,  the  topography  of  the  oil  region 
of  Michigan  is  identical  with  that  of  Enniskillen.  The  surface  is  level, 
rather  low,  and  inclined  to  dampness.  The  soil  is  thin,  argillaceous  and 
indifferent  for  agricultural  purposes.  The  forest  growth,  nevertheless,  is 
dense  and  luxuriant,  consisting  of  Beech,  Hard  Maple,  Swamp  Elm,  and 
Black  Ash,  with  occasional  tre^  of  White  Ash,  White  Oak,  Hickory^ 
Sycamore,  <fec.,  interspersed.  The  water  in  the  vicinity  of  the  oil  mani- 
festations is  of  a  dark  color.  Black  river  of  Michigan  seems  to  be  the 
counterpart  of  Black  creek  of  Enniskillen.  It  would  seem  evident  that 
the  color  of  the  water  in  both  cases  must  be  due  to  some  constituent  of 
the  crude  oil ;  and  yet  a  chemical  examination  of  the  water  of  Black 
river  taken  at  Port  Huron,  did  not  sustain  my  expectations.  It  should  be 
tested  six  or  eight  miles  further  north. 

When  we  compare  the  more  direct  indications,  the  resemblance  is 
equally  complete.  The  oil  region  of  Michigan  abounds  in  ^  gum  beds,** 
or  masses  of  inspissated  oil,  some  of  which  have  hardened  to  the  char- 
acter of  asphalt  The  oil  is  still  issuing,  and  it  shows  itself  on  the  sur- 
face of  standing  water  everywhere  throughout  the  Baker  tract  More- 
over, inflammable  gas,  the  almost  infallible  criterion  of  an  oil  district,  ex- 
ists in  very  great  abundance,  and,  in  several  instances,  has  been  known 
to  escape  with  noise  and  violence  from  the  bottom  of  wells.  In  one  in- 
stance the  jet,  when  lighted,  illuminated  the  country  over  a  radius  of  four 
miles,  and  the  sound  was  like  that  of  steam  escaping  from  a  high-pressure 
engine.    Many  similar  cases  have  occurred. 
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Whatever  diflfereDoes  exist  between  the  geolc^ical  indications  obeerved 
in  the  two  regions  are  rather  in  degree  than  kind ;  and  the  advantages  are 
undoobtedly  on  the  side  of  the  Michigan  region.  Canada  West  is  located 
upon  the  thinning  outskirts  of  the  formation ;  Michigan  embraces  the 
great  mass  of  it.  And,  in  the  abundance  of  gas  emitt^  from  the  under* 
lying  rocks,  the  Enniskillen  region  bears  a  very  unequal  comparison. 

It  is  quite  possible  that  no  porous  stratum  will  be  found  in  Michigan 
reposing  upon  the  surface  of  the  rock.  Its  occurrence  i<  accidental  any- 
.where.  Should  it  be  found  wanting,  and  "  surface  oil "  consequently 
wanting,  this  fact  would  not  have  the  slightest  bearing  on  the  probability 
of  oil  iu  the  rocks  below. 

I  have  stated  that  the  HuroTi  group,  or  Oil  formation,  extends  contin- 
uously from  the  peninsula  of  Michigan  into  the  peninsula  of  Canada 
West  To  embrace  both  regions  under  one  designation,  they  might  be 
spoken  of  as  the  Peninsula  Oil  Region.  It  is  not  to  be  imaging  that 
oil  will  certainly  be  obtained  at  all  points  within  this  region.  It  may  be, 
but  probably  will  not  Slight  undulations  are  liable  to  exist  in  all  strata 
so  nearly  horizontal  as  those  of  the  two  peninsulas.  The  volatile  ema- 
nations from  the  strata  would  therefore  accumulate  under  the  highest 
arches.  Possibly  one  of  these  arches  runs  nearly  north  and  south  through 
the  Canadian  region,  from  Bothwell  to  Petrolea,  and  beyond,  while  an- 
other underlies  the  district  of  petroleum  manifestations  on  the  Michigan 
side  of  the  river.  For  the  present,  it  would  be  safest  to  confine  large  ex- 
penditures to  the  immediate  vicinity  of  this  belt  of  indications. 

In  the  transverse  section  across  the  strata,  already  referred  to,  an  at- 
tempt has  been  made  to  show  in  what  way  the  oil-bearing  rocks  may 
rise  in  two  or  more  gentle  undulations,  thus  inducing  the  oil  and  gas  to 
accumulate  along  geological  axes,  and  become  restricted  to  belts  <^ 
country  of  limit^  width. 

4.  Account  of  aome  new  or  little  known  species  of  Fossils  from  rocks 
of  the  age  of  the  Niagara  Group,  From  the  18th  Report  on  the  New 
York  State  Cabinet ;  printed  in  advance  of  the  Report,  and  issued  Janu- 
ary 1865,  by  Prof.  Jambs  Hall.  48  pp.  8vo,  with  many  illustrations. — 
These  pages  contain  descriptions  of  a  number  of  new  species  of  Cysti- 
deans,  with  figures  of  seven  of  them,  and  of  several  Crinideans,  Trilo- 
bites,  and  various  Mollusks.  The  following  important  remarks  on  the 
age  of  the  Gait  or  Guelph  limestone  of  Canada,  and  Leclaire  beds  of 
Iowa,  and  their  relations  to  the  New  York  Niagara  group,  form  an  intro-. 
daction  to  the  paper : 

In  the  study  of  the  fossils  of  the  Niagara  group  and  associated  strata, 
previous  to  the  publication  of  the  final  report  on  the  Fourth  Geological 
District,*  and  also  to  the  publication  of  the  second  volume  of  the  Pale- 
ontology of  New  York,  I  separated  a  few  species  found  in  the  impure 
drab-colored  limestone  from  Wayne  county.  New- York. 

The  limestone  containing  these  fossils  became  exposed  only  in  the  bed 
of  the  canal  during  its  excavation  ;  and  the  low  country,  or  deeply  drift- 
covered  surface  in  the  vicinity  did  not  admit  of  any  exposure  of  the 

'  The  same  reference  of  species  had  in  fact  been  made  daring  the  Geological 
Survey ;  and  they  were  thus  published  in  the  Beport  on  the  Fourth  Geological 
District  in  1848, 
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rock  in  pkce.  The  materials  were  thrown  out  of  the  excavation  in  con- 
nexion with  the  soft  marls  of  the  Ooondaga-salt  group,  and  the  speci* 
mens  of  rock  containing  the  fossils  preserved  the  peculiar  celluliferous 
structure  and  characteristic  color  of  the  argillaceous  limestone  of  that 
formation.  Differing  so  especially  from  any  known  beds  in  the  Niagara 
group,  I  did  not  hesitate  to  refer  them  to  the  Onondaga-salt  group,  since 
there  was  no  evidence  of  any  other  formation  in  the  neighborhood. 

Throughout  the  State  of  New  York,  the  country  along  the  junction  of 
the  Niagara  and  Onondaga-salt  formations  is  low  and  level,  or  covered 
by  drift  accumulations ;  and  no  opportunity  offered  of  discovering  any  ex- 
posure of  similar  beds  along  the  course  of  the  outcrop.  In  some  places  in 
Monroe  county,  we  have  been  able  to  trace  the  two  formations  to  within 
a  few  feet  of  their  contact  with  each  other ;  but  no  foesiliferous  beds,  simi- 
lar to  those  of  Wayne  county,  have  been  found.  At  a  later  period,*  my 
attention  was  called  to  some  peculiar  fossils  collected  at  Gait,  in  Canada 
West ;  and  in  visiting  the  locality,  I  discovered  some  pieces  identical  with 
those  before  known,  from  beds  which  I  had  regarded  as  of  the  Onondaga- 
salt  group  in  New  York.  As  this  limestone  at  Gait  [and  Guelph]  was 
clearly  above  the  great  Niagara  limestone  of  the  Falls,  and  contained  an 
almost  entirely  different  set  of  fossils,  I  very  naturally  inferred  that  it 
belonged  to  the  next  higher  formation,  or  the  Onondaga-salt  group ;  and 
that  me  Wayne  county  locality  was  a  feeble  representation  of  the  lime- 
stone of  GalL*  For  these  reasons  ihe  two  were  treated  as  identical,  and 
referred  to  the  age  of  the  Onondaga-salt  group  ;  an  opinion  at  that  time 
sustained  by  the  members  of  the  Canadian  Geological  survey. 

At «  later  period,  during  the  Geological  Survey  of  Iowa,  I  recognized, 
at  the  Leclaire  rapids  on  the  Mississippi  river,  a  limestone  holding  the 
same  relative  position,  having  the  eame  Uthological  character,  and  con- 
taining some  identical  and  many  similar  fossils  with  the  limestone  of 
Gfdt-orOuelph  in  Western  Canada;  and  I  thus  announced  its  apparent 
relations  in  the  Report  on  the  Geology  of  Iowa. 

^  Should  the  identity  of  the  limestone  of  these  two  distant  localities 
be  proved,  it  will  afford  sufficient  ground  for  separating  these  beds  from 
the  Onondaga-salt  groivp.  and  for  establishing  a  distinct  group.  It  seems 
quite  probable  that  the  limestones  of  this  period  have  their  eastern  ex- 
tremity in  Central  New  York,  where,  from  their  small  development,  as 
well  as  from  similarity  of  lithological  character,  there  seemed  no  suffi- 
cient ground  for  separating  t^em  from  the  non-fossiliferous  beds  of  the 
Onondaga-salt  group.^  Since,  however,  in  Canada,  these  beds  attain 
considerable  importance,  and  (admitting  the  conclusions  above  given) 
acquire  a  still  greater  thickness  and  more  distinctive  character  on  the 
Mississippi  river,  it  seems  necessary  to  elevate  them  to  the  same  rank  as 
the  other  groups  of  the  series.'*     Geology  of  Iowa,  vol.  i,  p.  76,  1857. 

*  After  a  considerable  part  of  toI  ii  had  been  printed. 

'  The  name  Oalt  being  considered  objectionable,  on  acconnt  of  a  similnr  term 
alreadv  in  use,  and  the  same  rock  occurring  also  at  Guelph,  it  has  been  called  the 
**  Ouelph  formation,''  in  the  nomenclature  of  the  Geological  Surrey  of  Canada. 

*  My  views  regarding  the  presence  of  the  Onondaga-salt  group  proper  in  Wi9Coo- 
tio  and  Iowa  have  somewhere  been  called  in  question,  and  I  have  only  to  remark  in 
this  place  that  I  have  seen  no  reasons  on  mj  own  part,  nor  facts  aclduced  on  the 
part  of  others,  to  change  m  j  opinion  in  reference  to  the  occurrence  of  thif  forma* 
tion  in  the  localities  I  luive  heretofore  cited. 
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Some  two  or  three  years  later,  I  explored  the  geology  of  the  central 
and  eastern  portions  of  Wisconsin  and  the  adjacent  parts  of  Illinois.  I 
here  found  the  limestone  of  Racine,  and  a  part  of  Waukesha  and  some 
other  localities,  resembling  in  all  respects  that  of  Leclaire,  and  holding 
many  of  the  same  fossils.  It  is  likewise  underlaid  by  the  even-bedded 
darker-colored  limestone,  bearing  HaZysitet  caienulatu9y  Pentamerus  06- 
lonyus,  and  many  large  Orthoceratitee,  which  are  everywhere  regarded 
as  evidence  of  the  Niagara  age.  I  could  not  hesitate,  therefore,  to  par- 
allelize the  succeeding  beds  with  the  limestone  of  Leclaire,  though  we  had 
failed  to  trace  it  across  the  country  in  a  continuous  outcrop.  At  the 
same  time,  on  critical  examination  of  the  collection  of  fossils  made  at 
Racine  and  at  some  other  points,  I  detected  many  species  known  as  char- 
acteristic -of  the  Niagara  formation  in  the  State  of  New  York,  requiring 
its  recognition  as  a  member  of  that  group  f  rather  than  of  the  Onondaffa- 
salt  group),  and  uniting  with  it,  as  identical  in  position,  the  Leclaire 
limestone.^ 

At  the  same  time,  we  have  recognized,  from  Racine  and  adjacent  local- 
ities, including  Leclaire  in  Iowa  and  a  single  locality  in  Illinois,  the  fol- 
lowing species  which  are  identical  with,  or  are  very  closely  allied  to, 
those  from  Gait  in  Canada  West :  Pentamerus  occidentalism  an  OholuS' 
like  fossil,  a  Favosites  and  a  species  of  Amplexus  which  are  identical  in 
several  localities,  Cyclonema  sulcata,  Murchisonia  Logani,  Murchisonia 
identical  with  or  closely  allied  to  M,  myliita  (Billings),  an  undescribed 
,Ifurchisonia  from  Racine  identical  with  one  from  Gait,  Subulites  ven- 
iricosoy  Pleurotomaria  solaroidei?  Loxonema  longispira,  besides  other 
forms  which  are  closely  allied  to  species  of  the  Guelph  limestone. 

An  examination  of  several  localities  in  Wisconsin  shows  that  this  pe- 
culiar fossiliferous  limestone  is  very  unequally  distributed.  At  Racine 
it  has  a  very  considerable  thickness ;'  while  in  other  places,  either  from 
denudation  or  other  causes,  it  is  very  thin,  or  even  absent.  In  some 
places  in  the  vicinity  of  Milwaukee  and  Waukesha,  there  are  indications 
of  beds  of  passage  from  the  regularly  bedded  limestones  below  to  the 
unequally  bedded  rock  above.  There  appears,  indeed,  very  good  evidence 
of  the  irregular  or  unequal  accumulation  of  this  higher  rock  in  many  of 
the  localities  along  a  considerable  portion  of  the  outcrop ;  and  where  the 
lower  part  of  the  ^rmation  comes  to  the  surface,  the  upper  rock  does  not 
appear  to  be  developed.  I  am  therefore  induced  to  believe  that  this 
limestone  at  Racine,  the  mass  at  Leclaire  and  extending  thence  into 
Iowa,  as  well  as  the  Guelph  formation  in  Canada  and  the  feeble  repre- 
sentation of  the  same  in  New  York,  are  really  lenticular  masses  of 
greater  or  less  extent,  which  have  accumulated  upon  the  uneaual  surface 
of  the  ocean  bed  in  a  shallow  sea  during  the  latter  part  of  the  Niagara 
period.  These  isolated  masses  of  limestone  have  close  relations  with 
each  other,  while  their  relations  with  the  Onondaga-salt  group,  though 
very  intimate  in  the  single  locality  in  Central  New  York,  b^me  less  and 
less  conspicuous  in  a  westerly  direction, 

*  Report  on  the  Geolo^  of  Wisconsin,  p.  67,  1861. 

*  I  am  inclined  to  believe  that  I  have  overestimated  the  thickness  of  the  lime- 
stone at  Leclaire  from  the  presence  of  lines  of  false  bedding,  but  I  have  had  no  op- 
portonitj  for  a  re-examinatioo  of  the  locality.  * 
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6.  Observations  on  the  Geology  of  Southern  New  Brunswick^  made 

Srincipally  during  the  summer  of  1864  by  Prof.  L.  W.  Bailbt,  and 
lessrs.  G.  F.  Matthew  and  C.  F.  Hartt,  prepared  and  arranged,  with  a 
geological  map,  by  L.  W.  Bailky,  A.M^  Prof.  Chem.  in  the  Univ.  of 
New  Brunswick,  «fec.  Printed  by  order  of  the  House  of  Assembly.  160 
pp.,  8vo.  Fredericton,  1866. — In  this  Report,  the  distribution  of  the 
formations  is  given,  with  many  details  as  to  structure,  fossils,  geologicid 
relations,  and  economical  products.  The  formations  included  are  the 
Paleozoic,  with  the  Azoic  below  these,  and  the  Triassic  Red  Sandstone 
above,  together  with  Post-tertiary  beds.  The  Report  contains  a  lai^ 
colored  geological  map,  showing  the  limits  of  the  out-cropping  rocks. 
The  outcrops  are  nearly  parallel  with  the  coast,  or  about  N.E.  by  E.  in 
direction.  The  Azoic  is  in  the  region  of  Portland ;  and  at  St.  Johns,  be- 
tween it  and  the  Bay  of  Fundy,  occur  Primordial  rocks,  affording,  accord- 
ing to  determinations  by  Mr.  Hartt,  Paradozides  and  other  characteristic 
fossils,  besides  some  Brachiopods.    Mr.  Hartt  observes  upon  these  fossils : — 

"  Representatives  of  four  genera  of  Trilobites  have  been  obtained  thus 
far  from  the  Saint  John  rocks,  viz : — Paradoxidee^  Conocephalites^  Ag- 
nostus,  and  a  new  genus?  allied  to  Conocepkalites, 

The  number  of  species  in  each  genus  has  not  yet  been  satisfactorily 
made  out ;  but  of  Paradoxides  there  are  at  least  five,  of  Conocephalitee 
•even,  and  of  Agnostus  and  the  new  genus  each  one. 

All  the  species  appear  to  be  new.  One  of  the  Paradoxides  bears  a 
close  resemblance  to  P,  rvgulosus^  Corda,  from  the  Mage  C  of  Harrande, 
in  Bohemia,  and  one  of  the  Conocephalites  is  allied  to  C.  coronatus.  Bar- 
rande,  from  the  same  fauna  and  horizon,  though  neither  is  identical  with 
the  European  species. 

There  are  six  species  of  Brachiopoda,  belonging  to  the  genera  Orthis- 
ina,  Discinay  Obotella^  and  Lingula,  I  have  not  been  able  to  identify 
any  of  the  forms  with  described  species. 

^  Though  all  the  species  from  the  Saint  John  group  are  apparently  new, 
yet  the  occurrence  of  Paradoxides  and  Conocephalites^  genera  confined 
entirely  to  the  so-called  Primordial  fauna  of  Barrande,  and  everywhere 
characteristic  of  it,  together  with  the  strong  likeness  borne  by  the  Saint 
John  species,  in  their  facies,  to  those  of  the  same  genera  of  the  faun»  of 
the  **  Primordial  "  in  Europe  and  America,  enable  us  unhesitatingly  to 
assign  to  the  Saint  John  group,  or  at  least  to  that  lower  part  of  it  which 
has  afforded  Trilobites,  a  geological  position  equivalent  to  Barrande^s 
Etage  0,  or  to  the  Potsdam  proper  of  America. 

The  lower  part  of  the  Saint  John  Group,  at  Coldbrook,  has  been 
divided  by  Mr.  Matthew,  on  lithologioal  grounds,  into  three  Bands,  viz : 

No.  1.  The  lower  or  arenaceous  band,  with  no  determinable  fossils,  and 
oonstituting  passage  beds  from  the  Coldbrook  Group. 

No.  2.  Argillaceous  shales,  rich  in  fossils,  Paradoxides^  Orthisina  /, 
Conocephalites,  Oholella, 

No.  3.  Carbonaceous  shales,  full  of  fossils,  Paradoxides^  ConocephaU 
ites,  Orthisina,  Discina,  <fec,  all  much  distorted." 

Prof.  Bailey,  speaking  of  the  Albertite,  states  that  in  his  opinion  and 
that  of  Mr.  Matthew,  ^^  it  is  neither  coal  nor  jet,  but  an  oxydized  oil,  de- 
rived frotn  the  decomposition  of  fish  remains,  and  subsequently  changed 
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bj  cbemical  aotioD,^  giving  as  reasons  the  position  and  constitution  of 
the  material,  the  nature  of  the  adjoining  rocks,  and  the  fact  that  '*  sprirgs 
containing  oil  are  not  unconamoa  throughout  the  district  in  which  the 
Albert! te  is  found." 

6.  On  Devonian  Insects  from  New  Brunswick ;  by  S.  H.  Scuddsr. 
(From  a  communication  addressed  bj  Mr.  Scndder  to  Dr.  C.  F.  Hartt^ 
of  New  Brunswick,  dated,  Boston  Society  of  Natural  History,  January 
11,  1865.) — I  have  made  as  careful  an  examination  as  my  present  cir- 
cumstances will  permit  of  your  most  interesting  collection  of  the  fossil 
remains  of  insect-wings  from  Lancaster.  There  are  ten  specimens  in  all, 
eight  of  which  are  reverses  of  one  another,  thus  reducing  the  number  to 
six  individuals;  of  these,  one,  a  mere  fragment,  belongs,  I  think,  to  the 
same  species  as  another  of  which  the  more  important  parts  of  the  wing 
are  preserved,  so  that  we  have  five  species  represented  among  these  De* 
vonian  insects,  and  these  remains  are  all,  I  suspect,  composed  of  portions 
of  the  anterior  wing  alone.  The  data  being  thus  fragmentary,  the  con- 
clusions cannot  be  quite  so  satisfactorily  determined  as  we  could  wish, 
but  we  can  still  discover  enough  to  prove  that  they  are  of  unwonted  in- 
terest. Besides  the  peculiar  interest  which  attaches  to  them  as  the  ear^ 
liest  known  traces  of  insect  life  on  the  fflobe,  there  is  very  much  in  them- 
selves to  attract  and  merit  our  closest  attention. 

One  of  them  is  a  gigantic  representative  of  the  family  of  Ephemtrina 
among  Neuroptera,  some  three  or  four  times  the  size  of  the  largest  spe- 
cies now  living  wiih  which  I  am  acquainted. 

Another  borrows  some  striking  points  of  the  peculiar  wing-structure 
of  the  Neuropterous  family  Odonajta^  and  combines  with  them  those  of 
families  remote  from  that,  and  even  belonging  to  a  distinct  section  of  the 
Neuroptera,  exhibiting  to  our  view  a  synthetic  type  which  combines  in 
one  the  Pseudoneuroptera  and  the  Neuroptera,  aud  represents  a  family 
distinct  from  any  hitherto  known. 

Other  fossil  insects,  found  in  Carboniferous  concretions  in  Illinois,  and 
described  in  this  Journal  ([2],  xxxvii,  34),  which  Professor  Dana  hat 
kindly  allowed  me  to  evamine/  also  belong  to  hitherto  unrecognized 
families,  exhibiting  similar  relations  to  sections  of  Neuropterous  insects 
in  our  day  disc-onnected ;  and  your  third  species  is  a  member  of  still 
another  family  of  Neuroptera,  which  finds  its  natural  relations  between 
the  two  described  by  Professor  Dana. 

A  fourth,  of  which  only  an  unimportant  fragment  was  found,  would 
seem  to  belong  to  the  Neuroptera ;  but  by  some  peculiarities  of  the  mi- 
nuter cross-veins,  thrown  off  in  the  middle  of  the  outer  edge  of  the  wing 
in  a  most  irregular  and  unusual  manner,  suggests  no  intimate  relations 
with  any  known  family,  but  must  have  belonged  to  a  group  of  large  and 
weak- winged  insects. 

The  fiftn  and  last  to  be  mentioned  is  of  very  striking  interest,  because, 
while  it  exhibits  Xhe  peculiar  venation  which  forms  the  well  known  tym- 
panum or  stridulating  apparatus  of  the  male  in  the  Orthopterous  family 
Locustarice  (though  differing  somewhat  from  that),  it  also  most  resembles 
the  Neuroptera  in  all,  or  neariy  all,  the  other  peculiarities  of  its  struc- 
ture, and  suggests  the  presence  in  the  insect-fauna  of  those  ancient  timet 

'  The  results  of  this  ezaraination  will  shortly  be  communicated  to  this  JouroaL 
Am.  Joctb.  Sgl-^icond  Sbbibs,  Vol.  XXXIX,  No.  117.— Mat,  1865. 
46 


Digitized  by  VjOOQ IC 


858  Scientific  Intelligence, 

of  a  synthetic  type,  which  united  the  characteristics  of  the  Orthoptera 
and  Neuroptera,  in  themselves  closely  allied ;  this  point  however  requires 
patient  and  severe  investigation,  and  only  my  earliest  impressions  are 
here  recorded,  made,  however,  immediately  after  a  close  examination 
into  the  relations  of  other  fossil  insects. 

7.  yote  on  the  Azoic  c^ge  and  metamorpkic  origin  of  the  Iron  Ore  of 
Mexico^  described  by  N,  S,  Manrose,  at  page  309  of  this  volume;  by 
J.  D.  Dana. — The  great  thickness  and  extent  of  the  magnetic  and  spec- 
ular iron  masses  of  Guerrero  leave  little  doubt  that  the  rocks  belong, 
like  those  of  Northern  New  York,  Michigan  and  Canada,  to  Azoic  or 
prsesilurian  time,  and  thus  they  indicate  the  existence  of  an  Azoic  area 
m  this  part  of  the  continent.  The  mctamorphic  nature  of  the  iron  ore 
is  proved  by  the  alternation  of  the  beds  with  conformable  layers  or  strata 
of  granular  or  metamorphic  limestone,  and  syenite  or  granite.  In  a  sec- 
tion of  the  Chutia  "  iron  mountain,"  figured  by  Mr.  Manross,  the  great 
iron  ore  bed  is  represented  as  lying  beneath  **  beds  of  limestone,"  and 
over  granite.  In  another,  of  the  iron  mountain  of  Las  Anonas,  the  largest 
bed  of  iron  ore  is  divided  along  the  middle  by  a  bed  of  limestone,  and 
on  either  side  there  are  alternate  beds  of  iron  ore  and  syenite  with  epi- 
dote.  In  another,  the  Sochipala  region,  the  iron  bed  has  beds  of  granular 
limestone  above  it ;  and  below,  syenite,  then  another  iron  ore  bed,  80 
feet  thick,  and  then  syenite  again.  Thus  the  evidence  is  the  same  in 
kind  as  in  the  Azoic  region  oif  the  north. 

8.  Report  on  the  Geology  of  Illinois ;  by  A.  H.  Worthbn. — The 
Legislature  of  Illinois  has  recently  appropriated  $20,000  for  the  publica- 
tion of  3000  copies  of  the  Geological  Report  of  Illinois,  made  by  Mr. 
Worthea  under  the  authority  of  the  State.  The  plates  will  be  numer- 
ous, and,  as  we  know  from  an  examination  of  the  figures,  excellent  In 
working  up  the  Paleontology,  Mr.  Worthen  has  had  the  assistance  of 
Mr.  F.  B.  Meek  for  Zoology,  and  L.  Lesquereux  for  Botany.  The  Report 
will  yield  to  none  hitherto  published  in  the  country  in  the  value  of  its 
contributions  to  science.  The  State  is  especially  rich  in  fossil  shells, 
fishes  and  crustaceans  of  the  Carboniferous  age,  and  affords  many  new 
species  of  coal  plants. 

9.  Check  List  of  the  Invertebrate  Fossils  of  North  America :  Miocene; 
by  F.  B.  Mbbk.  Smithsonian  Miscellaneous  Collections.  32  pp.  8vo. 
Washington,  Nov.  1864. — This  list  of  Invertebrate  Miocene  Fossils  of 
North  America  is  complete  to  the  time  of  publication,  both  as  regards 
paleontological  discovery,  and  zoological  science.  Critical  remarlra  are 
appended  to  the  list. 

10.  Ichthyosaurian  Skin, — A  specimen  of  the  Ichthyotaurtu  tenvi- 
rostriSf  recently  obtained  at  Barrow-on-Soar,  shows  a  large  extension  of 
the  dermal  covering  upon  the  surface  of  the  slab,  seeming  to  indicate 
that  the  animal  had  a  prominent  ridge  along  the  dorsal  surface  similar 
in  appearance  to  that  which  the  males  of  the  pond-newt,  Triton  cris- 
iatuSj  present  in  spring. — Header,  Dec  3. 

1 1.  Murchison  on  the  Drift — The  last  annual  address  of  the  President 
of  the  Royal  Geographical  Society,  Sir  R.  I.  Murchison,  contains  a  dis- 
cussion at  length  of  the  question  of  the  European  drift,  in  which  the 
author  sustains  the  Iceberg  theory.  Only  the  want  of  space  prevents 
our  citing  his  views  in  this  Journal. 
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12.  Annual  RepoH  of  the  Geological  Survey  of  New  Jtruy^  for  tite 
year  1864,  by  Prof.  Gko.  H.  Cook,  State  Geologist.  24  pp.  8vo.  Tren- 
ton,  N.  J^  1 665. — Prof.  Cook  presents,  in  his  Report,  a  brief  statement 
of  the  progress  of  his  survey,  dwelling  mostly  on  economical  results. 
A  colored  map  of  the  formations  is  included. 

III.  BOTANY  AND  ZOOLOGY. 

1.  DeCandollb  :  Prodromus  Syst,  Nat.  Regni  VegetaUlU.  Pars  16, 
Sect  posterior,  Fasc  I,  dstena  Cvpuliferas,  etc.  Nov.,  1864.  pp.  160. — 
In  pursuance  of  tbe  plan  adopted  for  bringing  out  the  concluding  volumes 
of  the  Prodromus  in  parte,  as  soon  as  the  respective  orders  are  elaborated, 
•we  have  here  the  iJupuiifercB^  upon  which  Mr.  DeCandolle  himself  has 
bestowed  so  much  labor, — the  leading  genus,  QuercuSy  extending  to  281 
species,  Castunopsit  (to  which  belongs  C,  chrysophylla  of  California),  14 
species,  Catianea,  only  two  well  determined  species,  and  Fagus^  16;  the 
Corylaceee,  admitted  as  an  order,  after  Hartig  and  Doll ;  also  the  Juglan- 
dacecB,  the  earliest  botanical  work  of  Casimir  DeCandolle,  whose  separate 
memoir  upon  the  subject  we  have  already  noticed 'with  approbation ;  the 
MyrxeacecB  by  the  same  promising  hand  (38  species  of  Myrica,  including 
Comptonia,  and  Chapman's  Leilneria  of  Florida) ;  the  Platanacece^  and,  in 
a  note,  lAquidambar^  by  Alphonse  DeCandolle.  The  Betulacece  and  Salu 
cineas  will  follow  in  this  volume,  we  believe  at  no  distant  date.       jl,  a. 

2.  J.  D.  Hooker:  Handbook  of  the  New  Zealand  Flora,  Part  I. 
London:  Lovell  Reeve  <fe  Co.  1864.  pp.  Ixxviii,  392,  8vo. — This  is  a 
new  member  of  the  series,  of  British  Colonial  Floras.  The  present  part 
includes  all  the  known  Phcenogamous  plants  and  Ferns,  not  only  of  New 
Zealand,  but  of  the  outlying"  islands  which  may  be  regarded  as  of  the 
New  Zealand  group,  such  us  the  Chatham  and  Kermadec  islands  on  the 
one  hand,  and  the  Lord  Auckland  and  Campbell's  islands  on  the  other* 
The  Cryptogamous  plants  are  to  follow.  The  basis  of  the  present  work, 
of  course,  is  Dr.  Hooker's  Flora  of  New  Zealand  and  the  Flora  of  Lord 
Auckland  and  Campbell's  islands,  making  three  large  illustrated  volumes 
of  the  Botany  of  the  Antarctic  Voyage  under  Capt.  Ross,* — volumes 
much  too  bulky  and  costly  to  subserve  the  main  purpose  of  the  Hand- 
book, i.  e.,  to  be  freely  used  by  the  colonists  themselves.  Moreover,  large 
discoveries  have  been  made  since  the  Flora  NovsB-Zelandise  appeared, 
mainly  in  the  middle  island,  adding  fully  one-third  to  the  number  of 
flowering  plants  previously  known.  The  genera  are  here  brought  up  to 
803,  the  species  to  935, — still  exemplifying  the  insular  paucity.  Of 
these  species  677  are  peculiar  to  these  islands;  222  are  Australian,  and 
111  American.  There  are,  besides,  51  Australian  representative  species, 
and  32  American  representative  species.  Among  the  American  identical 
species  are  Myosurus  aristatus,  of  the  Pacific  United  States  and  Chili, 
und  our  Elatine  Americana^  which  has  a  wide  range  in  the  southern 
hemisphere,  viz  r  in  S.  America,  New  Zealand,  Feejee  Islands,  Australia, 
and  Tasmania.  Dr.  Hooker  remarks  that  few  if  any  plants  appear  to 
have  been  collected  in  the  Lord  Auckland'sOroupby  Convmodore  Wilkes's 
expe<lition.  A  single  officer,  Lieut  Holmes  ^e  ihink,  passed  a  few  hours 
on  land,  collecting,  however,  among  other  plants,  a  single  specimen  of  an 
apparently  new  Hanuneiilus  (J8L  Aucklandicui)^  which  has  been  acci- 
dentally overlooked  in  the  present  work.  a.  q. 
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3.  Martius:  Flora  Bratiliensis  ;  fasc  86,  87,  88.  fol.  Dec.  1864. — 
The  Oesneracea,  by  Dr.  Ilanstein,  the  curator  (succeeding  the  l«te  Dr. 
Klotftzch)  of  the  Berlin  Herbariunj ;  with  eleven  plates.  The  SaUolaeea 
(Chenopodiacect)^  by  Frof.  Fenzl,  of  small  importance  in  Brazil;  with  ^wq 
plates,  one  of  them  illustrating  Chenopodium  antkelminticum,  and  one 
Rouhieva  multifida.  Magnolia cecB,  Winteracece  (retained,  as  likewiM 
Schizandrece,  as  ordinally  distinct),  Ranunculaceoi,  MenispermacecB,  and 
BerUridece,  by  the  acute  Dr.  Eichler;  twenty-six  plates,  one  of  them  de- 
voted to  the  anatomy  of  the  wood  of  Drimys  Winleriy  and  two  to  thai 
of  Menispermaceous  stems,  which  the  author  appears  to  have  discussed 
with  much  ability.  a.  o. 

4.  The  Jouimalof  the  Linncean  Society,  No.  31  (Dec.  1864),  is  es- 
pecially rich  in  articles  upon  Dimorphism  and  even  Trimorphism  in 
plants,  and  upon  the  agency  of  insects  in  their  fertilization.  There  is 
1.  Notes  on  the  Fecundation  of  Orchids,  and  their  Morphology,  by  the 
late  Dr.  Cruger,  Director  of  the  Botanical  Garden,  Trinidad  ;  Catasetum 
and  Stanhopea  being  the  principal  subjects,  and  the  conclusions  of  Mr, 
Darwin  being  fully  confirmed.  2.  Dimorphism  in  the  Flotoers  of  MoMh 
choria  vaginalis^  by  Dr.  Kirk.  The  additional  kind  of  flower  would 
seem  to  be  somewhat  after  the  fashion  of  that  of  Utricularia  clandestina^ 
and  arranged  for  self-fertilization.  3.  On  the  Individual  Sterility  and 
CrosS'Impregnation  of  certain  species  of  Oncidium,  by  Mr.  John  Scott. 
He  shows  by  experiment  **  that  the  male  element  of  0.  microchilum  will 
fertilize  the  female  element  of  the  two  distinct  species,  0.  omithorhyn" 
chum  and  0.  iivaricatum  cupreum,  and  yet  be  completely  impotent 
upon  its  own  female  element;  nevertheless,  the  susceptibility  of  the  latter 
(female  element)  to  fertilization  is  shown  by  its  fertile  unions  with  another 
individual  of  the  same  species,  and  likewise  by  a  fertile  union  witli  an 
individual  of  a  distinct  species ;''  and  the  same  is  true  of  0,  microchilum, 
4.  Notes  on  the  Sterility  and  Hybridization  of  certain  species  of  Passi- 
flora,  Disemma,  and  Tacswnia,  by  the  same  author.  Species  which,  ia 
cultivation,  are  perfectly  sterile  upon  the  application  of  the  pollen  to  the 
pistil  of  the  same  individual,  are  readily  fertilizable  by  the  pollen  of  other 
individuals  of  the  same  or  of  an  allied  species,  and  their  pollen  is  like- 
wise potent  upon  such  individuals ;  although  in  hybridization  the  influ- 
ence frequently  is  not  reciprocal  For  instance,  Passiflora  racemosa  may 
he  fertilized  by  the  pollen  of  T^icsonia  mollissima^  upon  the  ovules  of 
<which,  conversely,  the  pollen  of  the  Passiflora  is  utterly  impotent. 
There  are  two  Passionflowers,  totally  impotent  when  self  fertilization  ia 
attempted,  the  pollen  of  one  of  which  eflects  the  development  of  the 
•ovaries  of  the  other,  but  never  the  eeeds,  while  conversely  even  the  ovary 
fails  to  develop.  And  there  are  two  species  of  Tacsonia,  the  pollen  of 
«one  of  which  causes  the  ovary  and  even  the  seed-coats  of  the  other  to 
develop,  but  never  the  embryo,  while  coni^rsely  the  efi'ect  is  sometimes 
the  same,  but  generally  nothing  at  all.  Although  general  conclusions 
should  be  hesitatingly  drawn  from  limited  experiments  ui)on  cultivated 
plants,  yet  tl»e  known  facts  conspire  to  show  that  no  sharp  line  is  drawn 
in  nature  between  fertility  and  sterility  in  crosses.  6.  On  the  Sexual 
Relations  of  4he  three  forms  of  Ly thrum  Scdicaria,  by  Charles  Darwin. 
JSere  we  hai^e-the  results  of  an  investi^atiaa  which  Mr.  Darwin  has  before 
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referred  to.     A  curious  case  it  is,  and  treated  with  the  wonted  sagacity 
and  point  of  this  prince  of  biological  inquirers. 

**  In  Lyihram  ScUicaria  three  plainly  different  forms  occur :  each  of 
these  is  an  hermaphrodite;  each  is  distinct  in  its  female  organs  from  the 
other  two  forms ;  and  each  is  furnished  with  two  sets  of  stamens  or 
males,  differing  from  each  other  in  appearance  and  function.  Altogether, 
there  are  three  females  and  three  sets  of  males,  all  as  distinct  from  each 
other  as  if  they  belonged  to  different  species;  and,  if  smaller  functional 
differences  are  considered,  there  are  five  distinct  sets  of  males.  Two  of 
the  three  hermaphro<lites  must  co-exist,  and  the  i)ollcn  be  carried  by 
Insects  reciprocally  from  one  to  the  other,  in  order  that  either  of  the  two 
should  be  fully  fertile :  but,  unless  all  three  forms  co-exist,  there  will  be 
waste  of  two  sets  of  stamens,  and  the  organization  of  the  species  as  a 
whole  will  be  imperfect.  On  the  other  hand,  when  all  three  hermaph- 
rodites co-exist,  and  the  pollen  is  carried  from  the  one  to  the  other,  the 
scheme  is  perfect;  there  is  no  waste  of  pollen  and  no  false  co-adaptation. 
In  short,  Nature  has  ordained  a  most  complex  marriage-arrangement^ 
namely,  a  triple  union  between  tliree  hermaphrodites, — each  hermaph- 
rodite being  in  its  female  organ  quite  distinct  from  the  other  two  her- 
maphrodites, and  partially  distinct  in  its  male  organs,  and  each  furnished 
with  two  sets  of  males.'' 

One  must  study  this  instructive  paper  to  see  how  neatly  it  is  shown, 
^  that  only  the  longest  stamens  fully  fertilize  the  longest  pistil,  the  middle 
stamens  the  middle  pistil,  and  the  shortest  stamens  the  shortest  pistil. 
And  now  we  can  comprehend  the  meaning  of  the  almost  exact  corres- 
pondence in  length  between  the  pistil  of  each  form  and  the  two  half- 
dozen  sets  of  stamens  borne  by  the  two  other  forms;  for  the  stigma  of 
each  form  is  thus  rubbed  against  the  same  spot  of  the  insect's  body  which 
becomes  most  charged  with  the  proper  pollen."  For  the  use  which  Mr, 
Darwin  makes  of  this  case,  and  the  theoretical  deductions  drawn  from  a 
genus  which  presents  trimorphic,  dimorphic,  and  monomorphic  species, 
the  illustration  of  the  advantage  of  trimorphism,  and  of  the  now  estab- 
lished fact  that  sexual  differences, — *^  thought  to  be  the  very  touchstone 
of  specific  distinction," — may  characterise  and  keep  separate  the  coexist- 
ing individuals  of  the  same  species  in  the  same  manner  as  they  do  those 
groups  of  individuals  which  we  denominate  species,  we  must  refer  to  the 
memoir  itself,  not  having  space  for  a  full  abstract.  Mr.  Darwin,  on 
raising  from  seed  some  individuals  of  our  Nesaa  veriicillata^  ascertained 
that  this  plant  is  also  trimorphic  We  commend  it  to  the  particular 
attention  of  any  who  may  be  disposed  to  prosecute  farther  such  investi- 
gations, which,  though  requiring  genius  to  originate,  are  easy  to  follow 
op,  and  almost  inexhaustible  in  interest. 

Of  the  remaining  papers  in  this  number  of  the  Linnsean  Journal,  one 
is  On  a  Peloria  and  Semi-douhle  Flower  of  Opkryi  areni/eraj  by  Dr. 
Masters,  to  which  a  note  is  added,  mentioning  a  nearly  similar  monstrosity 
of  Pogonia  ophioylossoides,  (known  to  him  from  a  description  by  Pro^ 
Gray),  collected  by  Rev.  J.  A.  Paine,  in  a  bog  near  Utica,  iN.  Y.  Several 
flowers  were  detected,  last  year,  all  sharing  more  or  less  of  the  peculi- 
arity, viz :  having  three  lobelia  and  the  column  resolved  into  small  peta- 
bid  organs ;  the  two  accessory  labella  and  a  small  petaloid  body  on  the 
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other  side  of  the  flower  answering  to  the  three  suppressed  stamens  of  the 
outefe  series,  while  two  little  filaments  answer  in  position  to  the  suppressed 
lateral  stamens  of  the  inner  series.  It  is  hoped  that  other  specimena 
may  be  detected  the  ensuing  summer,  and  preserved  in  spirit  for  more 
searching  examination.  In  another  paper,  Dr.  Hooker  identifies  Pinu9 
Peuce,  Griesb.,  of  the  mountains  of  Macedonia,  with  F,  excelsa  of  the 
Himalayas.  Mr,  Mitten  describes  new  Muaci  and  Hepaiicce  of  Japan  and 
the  coast  of  China,  and  Prof.  Oliver,  new  genera  of  plants  of  Western 
Tropical  Africa. 

The  longest  paper  in  No.  82  (February,  ]  866)  is  one  by  Dr.  Masters, 
On  the  Morphology  and  Anatomy  of  the  Genus  Restio^  Linn.,  together 
with  an  Enumeration  of  the  South  African  Species,  There  is  also  an 
extract  from  a  letter  of  Prof.  Brewer  to  Sir  Wm.  Hooker,  On  the  Forest* 
of  Sequoia  (  Wellingionia)  gigantea  of  California^  correcting  the  popular 
impression  that  this  magnificent  tree  is  extremely  local  and  in  danger  of 
extinction.  a.  o. 

5,  Further  remxirTcs  on  larve  budding  ;  by  Dr.  W.  C.  Minor. — In  a 
preceding  number  of  this  Journal  (January,  1865)  some  notice  was 
taken  of  a  newly  observed  form  of  insect  larve  budding.  The  first 
number  of  the  Zeits,  f  wiss,  Zoologie  for  this  year  has  a  further  ac- 
count by  Dr.  Wagner,  the  original  observer,  which,  beyond  the  interest 
of  a  detailed  reply  to  questions  from  Dr.  Siebold,  contains  some  gene- 
ralizations upon  the  phenomena  of  budding,  which  we  give  in  brief. 
Dr.  Wagner  offers  the  following  table  of  the  grades  between  the  sim- 
plest asexual  and  tlie  most  perfect  sexual  multiplication  in  the  articulates. 

I.  Asexual  spontaneous  multiplication  of  the  larve-nurse  (Amme), 
with  sexual  generation  of  the  developed  animal.  The  germ  is  meta- 
morphosed out  of  the  fat  or  granular  substance  of  the  larve-nurse,  and 
the  animal  has  three  or  four  transformations,  in  the  forms  of  proto- 
scolex,  deuteroscolex,  strobila  and  proglottis. — Cestodes  And  Trematodes. 

II.  Larves  with  sexual  organs.  The  germs  developed  in  these  organs 
become  individuals  within  the  body  of  the  larve-nui-se,  and  are  born 
alive,  forming  thus  two  metamorphoses. — Aphides, 

IIL  Multiplication  only  in  the  perfect  sexual  animal :— a.  In  both 
males  and  females,  but  without  sexual  influence. — Daphnidce,  6.  In 
one  sex  only,  without  sexual  influence. — Bees,  and  some  Butterflies*  e. 
In  one  sex  only,  under  the  influence  of  fructification. 

The  author  admits  that  nothing  more  than  one  point  of  view  is  at- 
tempted here,  as  deeper  embryological  studies  will,  by  bringing  out 
homologies  and  complications  of  structure,  probably  separate  the  higher 
and  lower  groups  here  put  together.  The  case  he  has  discovered  in 
the  Diptera  seems  to  him  to  form  a  transition  from  the  first  to  the 
second  group.  He  refers  to  Leydig's  comparison  of  the  Aphis  buda 
with  the  summer  eggs  of  Daphnia,  and  of  the  true  Aphis  eggs  with 
the  winter  eggs  or  ephippia  of  Daphnia,  and  extends  the  comparison  to 
the  larve  buds  and  eggs  here. 

Upon  the  distinction  between  Parthenogenesis  and  Alternate  genesis, 
he  urges,  that  the  former  is  a  germination  of  buds  in  special  sexual  or- 
ganSy  though  without  fructification ;  while  the  latter  js  a  selftransforma- 
(ionj  also  unfructified,  of  tissue  into  germs  or  buds,  without  any  special 
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organ  for  the  transfonnation,  and  in  a  d^ee  independent  of  the  nnne, 
and  hence  spoken  of  as  spontaneous.  The  first  of  the  groups  given 
above  comes  under  the  head  of  alternate  genesis — Generationswecksel 
— while  the  second,  and  in  part  the  third,  are  instances  of  parthenogen- 
esis. From  this  point  of  view,  also,  is  the  present  case  intermediate 
between  the  first  and  second  groups. 

He  calls  attention  to  t!ie  compensation,  by  the  budding  of  the  larve, 
for  the  limited  egg-bearing  capacity  of  the  mature  fiy,  and  regards  this 
compensational  balance  as  usual  in  these  cases.  Also,  considering  the 
UX  or  granular  snbstance  of  the  larvenurse  to  be  directly  transformed 
into  these  larves — a  view  confirmed,  it  will  be  remembered,  by  Di. 
Meinert — he  points  to  the  hypertrophied  eggs  as  a  store  of  material  for 
its  production.  That  this  granular  substance  is  of  a  nutritive  nature,  is 
made  altogether  probable  by  its  transference  into  the  stomach  through 
the  Malphigian  vessel,  in  cases  of  prolonged  abstinence,  and  also  by  the 
presence  of  sugar  in  it;  and  he  observes  that  the  imperfect  tracheal 
system  and  sluggish  movements,  for  a  time  at  least,  of  the  larve-nurse 
tend  to  leave  t}iis  store  intact  for  the  sole  use  of  the  buds. 

Both  in  this,  and  the  first  paper  of  Dr.  Wagner's,  which  we  have 
now  received,  are  numerous  pc^ints  of  anatomical  and  physiological  in- 
terest ;  such  as  the  condensation  in  the  mature  fiy  of  the  separate  gan- 
glia of  the  larve,  the  valves  at  the  posterior  end  of  the  dorsal  heart — 
also  figured  by  Dr.  Pagenstecher — and  which,  as  well  as  the  glands 
along  its  side,  supposed  from  analogy — in  leeches — to  form  the  blood 
corpuscles,  we  have  ourselves  seen. 

It  is  perhaps  not  premature  to  state  here  that  the  writer  has  found  a 
nnmber  of  large  oval  genns  in  some  minute  larves  observed  lately,  and 
he  would  nrge  the  attention  of  American  observers,  who  may  be  better 
situated  than  himself,  to  this  inquiry ;  since,  to  judge  from  the  differ- 
ence in  shape  of  the  larve's  head,  these  were  not  of  the  same  genus. 

6.  On  the  Hymenoptera  of  Cuba,  by  E.  T.  Cresbon.  (From  the  Pro- 
ceedings of  the  Entomological  Society,  Philadelphia,  Jan.  1865.  200 
pp.  8vo.) — ^The  Entomological  Society  of  Philadelphia  has  shown  great 
activity  since  its  formation,  having  issued  many  long  and  thoroughly 
labored  memoirs.  Mr.  Cresson's  work  is  based  principally  on  the  col- 
lection of  Prof.  F.  Poey  of  Havana,  purchased  by  Dr.  T,  6.  Wilson  of 
Philadelphia  and  presented  to  the  Society,  and  also  on  specimens  in  the 
collection  of  Dr.  J.  Gundlach  of  Cuba.  Most  of  the  Chalcididae,  Pro  - 
totrupidsB  and  FormicidsB  are  reserved  for  future  papers. 

7.  Synopsis  of  the  Bomhycidos  of  the  United  States,  by  A.  S.  Pack- 
ard, Jr.  Part  II.  60  pp.  Svo.  From  the  Proceedings  of  the  Ento- 
mological Society,  Philadelphia.     Nov.  1864. 

IV.   ASTRONOMY  AND  METEOROLOGY. 

1.  Correction  of  D.  Trowbridge^ s  article  on  the  Nebular  Hypothesis; 
by  the  Author. — In  my  article  on  the  Nebular  Hypothesis,  Art.  xlvi, 
and  note  41  (this  Jour.,  [2],  xxxix,  31,  32),  I  have  committed  an  error 
in  my  reference  to  Prof.  Ferrel's  article  on  the  retarding  effect  of  the 
sun  and  moon  on  the  earth^s  rotation,  in  Gould^s  Astronomical  Journal. 
One  part  was  owing  to  a  careless  misconception,  and  the  other  to  a 
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misprint  in  his  article.  The  retarding  effect  is  given  fn  his  artide  in 
angular  velocity,  and  not  in  absolnte  velocity  as  I  conceived  (though  it 
was  bo  ffiven  that  one  might  easily  make  the  mistake).  The  effect  of 
the  earth  on  the  moon  is  5625  times  as  great^  and  not  502^  times,  as 
printed.  My  general  reasoning,  however,  as  applied  to  the  nebular  hy- 
pothesis, is  not  affected  by  the  error  which  I  made.  My  error  was  in 
numbers  (I  read  Prof.  F.  s  article  several  years  ago  when  it  was  pub- 
lished) and  not  in  principles. 
Hector,  N.  T.,  March  28d,  1866. 

2.  Cambridpe  Observatory  in  1 864.  Extract  from  the  Annual  Report 
of  the  Observatory  Committee  to  the  Board  of  Overseers  of  Harvard 
College,  (made  previous  to  the  decease  of  the  Director,  G.  P.  Bond). — 
The  labors  of  the  year  have  been  chiefly  directed  to  the  continuation  of 
the  zone  observations,  the  examination  of  nebulae,  observations  on  the 
asteroids,  on  changeable  stars,  and  on  the  two  telescopic  comets  of  the 
year.  During  the  last  winter  and  the  early  part  of  the  spring,  observa- 
tions of  minute  inquiry  were  made  on  Orion  on  fifty-nin^  nights,  result- 
ing in  the  discovery  of  many  new  features,  as  well  as  corroborating 
characteristics  heretofore  published.  Among  the  discoveries  were  six 
variable  stars  in  the  neighborhood  of  th«  Trapezium. 

In  the  prosecution  of  the  zone  observations,  Mr.  Safford  obtained  the 
position  of  four  thousand  seven  hundred  stars  by  the  great  eauatorial, 
besides  performing  the  necessary  reductions  and  computations  involved. 
Very  few  persons,  who  have  not  had  the  privilege  of  examining  the 
great  mass  of  manuscripts  already  accumulated,  can  form  any  concep- 
tion of  the  enormous  labor  required  in  this  valuable  undertaking. 

The  director  repeats  his  great  obligations  to  Mr.  Safford  for  his  de- 
votedness  to  all  the  interests  of  the  Observatory,  and  the  skill  and  fidelity 
with  which  he  has  executed  the  several  parts  assigned  him. 

3.  Extracts  from  the  Address  of  W.  Db  La  Rdb,  President  of  the 
Astronomical  Society  of  London^  connected  with  the  awarding  of  the 
Society*s  medal  to  Mr.  G.  P.  Bond. — The  announcement  that  the  Royal 
Astronomical  Society  has  awarded  its  gold  medal  to  Professor  Bond  will 
be  hailed  witli  universal  satisfaction  by  those  interested  in  the  science 
which  he  has  so  ably  cultivated.  At  the  anniversary  meeting  of  the 
Society,  held  on  Friday,  Mr.  Warren  De  La  Rue,  under  whose  auspices 
the  Society  has  taken  such  a  large  stride  in  its  path  of  usefulness,  accord- 
ing to  custom,  accompanied  the  announcement  by  an  address,  which 
should  add  greatly  to  the  pleasure  of  the  medallist,  so  warmly  does  it 
appreciate  the  work  done  by  the  transatlantic  astronomer,  who  has  for  so 
long  had  the  finest  telescope  in  the  world  to  use,  and  has  used  it  so  well. 
The  address  is  too  long  to  be  reproduced  in  extensOy  but  we  give  several 
extracts  from  it,  reserving  our  report  of  the  other  business  done  at  the 
meeting  for  a  future  occasion. 

Mr.  De  La  Rue  commenced  by  observing,  that  *  when  father  and  fon 
have  worked  zealously  together  in  the  same  direction,  and  especially  in 
those  cases  where  the  son  has  succeeded  to  the  position  created  and  held 
for  a  number  of  years  by  the  father,  it  is  extremely  difficult  to  draw  any 
line  of  demarcation,  from  which  to  date  the  commencement  of  the  son's 
independent  career,  or  the  cessation  of  the  momentum  imparted  to  hb 
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eouree  of  activity  by  the  father.  This  is  especially  the  case  with  respect 
to  the  late  Professor  W.  C.  Bond  and  his  sod,  Professor  George  Phillipt 
Bond,  to  whom  the  council  have  awarded  the  highest  mark  of  distinction 
this  society  can  confer. 

In  the  estimate  formed  of  his  scientific  work,  the  professional  astron* 
omer  is  generally  placed  somewhat  at  a  disadvantage  in  comparison 
with  the  amatear.  In  the  case  of  the  latter,  the  whole  of  his  work  is 
weighed  in  the  balance,  while,  in  that  of  the  former,  large  deductions  are 
made  from  his  labors  as  belonging  properly  to  the  duties  of  his  official 
position.  An  official  astronomer,  in  this  age  of  zealous  activity  and 
speedy  publication,  inaugurated  I  believe  by  the  example  of  the  present 
Director  of  our  own  Royal  Observatory,  may,  consequently,  produce 
much  good  and  original  work  without  his  name  coming  with  due  promi- 
nence before  his  peers,  so  long  as  that  work  falls,  or  rather  appears  to 
fall,  within  the  range  of  his  official  duties.     .     ,     . 

Unquestionable  evidence  that  Prof.  G.  P.  Bond  has  done  more  for  our 
science  than  even  a  scrupulous  discharge  of  his  duty  demanded,  was  given 
by  the  appearance  of  the  *  Annals  of  the  Astronomical  Observatory  of 
Harvard  College,^  vol.  iii,  1 862.  At  first  sight,  indeed,  that  volume  might 
appear  to  be  nothing  beyond  a  record  of  excellent  but,  nevertheless,  official 
work;  when,  however,  I  shall  presently  come  to  speak  of  its  details,  it 
will,  I  doubt  not,  be  conceded  that  it  belon/ETS  in  a  great  measure  to  the 
category  of  private  labor  independent  of  official  duty.' 

After  stating  that  Prof.  G.  P.  Bond  had  been  a  most  active  contributor 
to  astronomical  discovery  and  methods  for  a  long  series  of  yearo,  and 
that,  besides  his  great  and  indeed  unique  work  on  the  comet  of  1858,  an 
amount  of  good  work  had  been  accomplished  by  him  which  fully  entitled 
him  to  the  distinction  now  conferred  upon  him,  Mr.  De  La  Rue  remarked 
that  *  his  earlier  exertions  appear  to  have  been  directed  to  the  discovery 
of  comets  and  the  computation  of  tlieir  orbits,  and  in  the  Report  of  the 
Committee  of  Harvard  College  he  is  mentioned  as  having  detected  inde- 
pendently eleven  of  those  bodies.  It  is  not  surprising,  therefore,  that  so 
zealous  an  ol^server  of  these  strange  visitors,  about  the  nature  of  which 
80  little  is  known,  should  have  been  one  of  the  most  assiduous  observers 
of  so  splendid  a  comet  as  that  of  Donati.  It  was  also  a  natural  conse- 
quence that  Professor  Bond  should  have  desired  to  compare  his  own 
results  with  those  of  other  observers,  but  it  was  by  no  means  a  necessary 
aequence  that  he  should  have  entailed  upon  himself  the  enormous  labor 
of  collecting,  systematically  arranging,  and  reducing,  the  whole  of  the 
data  resulting  from  this  comparison. 

The  circumstances  attending  the  apparition  of  the  comet  of  1858 
vrere  peculiarly  favorable  ;  its  early  discovery  by  Dr.  Donati,  while  yet  a 
faint  telescopic  object,  and  the  prediction  of  its  great  brilliancy  and 
splendor,  having  had  the  effect  of  directing  the  attention  of  a  great 
Dumber  of  astronomers  to  this  remarkable  body.  Hence,  in  the  history 
of  cometary  observations,  there  has  never  been  collected  so  large  a  mast 
of  observations  as  in  the  case  of  Douati^s  comet,  the  absence  of  moon- 
light, the  short  duration  of  twilight,  and  the  remarkable  continuance  of 
clear -weather  during  the  most  important  part  of  the  comet's  apparition, 
largely  contributing  to  this  result.  The  darkness  of  the  nky,  which 
Am.  Joub,  Scl— Second  Series,  Vol.  XXXIX,  No.  117.— May,  1865. 
47 


Digitized  by  VjOOQ IC 


366  Scientific  InUlligence, 

served  as  a  background  to  the  comet,  was  peculiarly  favorable  to  the  de- 
lineation of  the  fainter  outlines  and  peculiar  features  of  this  splendid  vis- 
itor, which  was  visible  to  the  naked  eye  from  August  19  to  December  0, 
one  hundred  and  twelve  days.  The  whole  period  of  visibility  in  the  tel- 
escope extended  from  June  2,  1868  to  March  4, 1859,  an  interval  of  two 
hundred  and  seventy-five  days.  One  of  the  most  successful  workers  in 
recording  the  phenomena  of  this  comet  was  Professor  G.  P.  Bond,  and 
the  sketches  and  drawings  made  at  the  Observatory  of  Harvard  College 
form  the  main  contribution  to  the  splendid  graphic  illustrations  which  are 
a  remarkable  feature  of  this  altogether  remarkable  production.  The  pains 
taken  to  insure  a  truthful  representation  of  this  comet  of  1858,  both  in 
its  eye-  and  telescope-features,  few  are  better  able  th»n  myself  to  appre- 
ciate ;  and  I  am  able,  from  my  own  practical  experience,  to  state  that  the 
success  which  has  attended  these  efforts  has  been  deservedly  won  by 
battling  with  greater  difficulties  than  would  probably  be  imagined  by 
the  uninitiated.' 

'The  comprehensiveness  of  Professor  Bond^s  work  will  be  at  once  re- 
cognized by  an  enumeration  of  the  various  sections  into  which  it  is  divi- 
ded.    They  are  as  follows: — 

I.  Figure  and  Position  of  the  Tail ;  ii.  Observations  upon  the  Second- 
ary Tails;  iii.  Reduction  of  Observations  upon  the  Figure  and  Position 
of  the  Tail ;  iv.  Probable  Errors  of  Observations  of  the  Tail ;  v.  On  the 
Deflection  of  the  Tail ;  vi.  Columnar  Structure  of  the  Tail ;  vii.  Reduc- 
tion of  Observations  on  the  Secondary  Tails ;  viii.  The  Nucleus  and  En- 
velopes; IX.  On  the  Outline  of  the  Head  of  the  Comet;  x.  On  the 
Branches  and  Central  Darkness  of  the  Tail ;  xi.  The  Nucleus ;  xii.  The 
Envelopes;  xiii.  The  outer  faint  Veil ;  xiv.  On  the  Direction  and  Initial 
Axis  of  the  Tail ;  xv.  Summary  of  the  Contents  of  the  Volume.' 

*  The  sections  i  to  vii  relate  to  the  figure,  dimensions,  and  positions  of 
the  tail,  from  its  first  appearance  on  August  14,  1858,  seventy-three  days 
after  its  first  discovery,  when  it  was  seen  at  Copenhagen  by  D'Arrest  and 
at  Vienna  by  Hoinstein,  until  the  last  recorded  observation  at  Santiago, 
in  Chili,  by  Moesta,  on  February  7,  1859.  Arranged  alphabetically  un- 
der the  same  date,  are  the  names  of  the  several  observers,  sixty-seven  in 
number,  whose  statements  are  given  verbatim  in  the  language  in  which 
they  were  written ;  but  the  value  of  this  record  is  greatly  enhanced  by 
the  occasional  remarks  of  the  author,  who  draws  the  reader's  attention  to 
points  of  special  interest,  and  thus  brings  under  notice  the  changes  which 
actually  occurred,  as  well  as  those  which  did  not  take  place  although 
anticipated  from  previous  hypotheses.  The  reader  is  informed,  in  the 
introductory  chapter,  that  from  June  2  to  September  8,  the  earth  was  on 
the  north  side  of  the  plane  of  the  orbit,  and  on  the  latter  day  crossed  the 
line  of  nodes,. giving  an  opportunity  for  observations  on  the  figure  of  the 
tail  projected  on  a  plane  at  right  angles  with  the  comet's  orbit.  After  the 
middle  of  September  the  tail  was  presented  in  nearly  its  full-length  pro- 
portions ;  within  a  day  or  two  of  the  perihelion  passage  on  September  30, 
the  axis  of  the  tail  was  brought  to  a  position  at  right  angles  to  the  line  of 
vision,  and,  ten  or  twelve  days  later,  when  the  comet  had  reached  its  least 
distance  from  the  earth,  its  profile  was  almost  precisely  that  of  a  section 
in  the  plane  of  the  orbit.    Professor  Bond  remarks,  that  where  so  little  is 
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known,  a  priori^  respecting  the  actual  figare,  there  is  an  obvious  advan- 
tage to  be  derived  from  these  accidental  circumstances  of  its  position,  by 
which  the  influeooe  of  perspective  foreshortening  is,  in  a  great  measure, 
eliminated.^ 

'  In  order  to  recognize  and  explain  any  errors  or  ambiguities  in  the  ob- 
servations themselves,  a  provisional  chart  was  constructed,  showing  the 
path  of  the  comet  and  the  position  of  the  tail  among  the  neighboring 
constellatiooe.  This  chart  naturally  gave  confidence  and  insured  accu- 
racy in  the  subsequent  discussion  of  the  observations,  which  are  duly 
'weighted'  according  to  the  dependence  which  can  be  placed  upon 
them.' 

*  Lastly,  the  normal  outlines  of  the  tails  are  given  in  a  series  of  charts 
which  represent  the  final  results  deduced  from  the  whole  series  of  observ- 
ations between  September  16th  and  October  17th,  referred  to  the  com- 
mon epoch  for  each  date  of  1^  mean  solar  time  at  the  Observatory  of 
Harvard  College.  The  figure  of  the  tail  is  preserved  free  from  any  con- 
siderable distortion  by  the  method  adopted  ;  namely,  by  projection  on  a 
tangent  cylinder,  the  position  of  which,  in  regard  to  the  path  of  the  comet, 
was  selected  wiih  that  view.' 

V  After  having  given  an  idea  of  the  copiprehensiveness  of  the  first  seven 
sections  of  Professor  Bond's  work  on  the  comet  of  1868,  the  speaker 
referred  to  those  parts  which  treat  of  the  telescopic  observations  of  the 
nucleus  and  envelopes — which  are  characterized  by  the  same  care,  skill, 
and  resource,  though  the  difficulties  of  dealing  with  the  discrepancies 
must  have  been  enormously  greater. 

*  Professor  Bond  gives  in  his  work  a  plate  representing  the  drawings  or 
engravings  of  the  nucleus  and  envelopes  in  the  form  they  reached  him. 
A  cursory  inspection  of  this  collection  will  suffice  to  show  how  great  is 
the  diversity  of  portraiture  of  the  same  object,  even  when  made  at  about 
the  same  period  of  absolute  time.' 

'  The  form  of  the  head  of  the  comet  received  considerable  attention  ; 
the  result  was  such  as  to  show  that  its  outline  did  not  accord  with  a  par- 
abola, but  that  its  contour  was  nearly  that  of  a  catenary  curve.  Moreover, 
advantage  was  taken  by  Professor  Bond,  of  the  apparition  of  Comet  III, 
1860,  and  more  recently^  of  the  great  Comet  of  1861,  to  test  some  of 
the  hypotheses  discussed  in  reference  to  the  Comet  of  1868,  notably  the 
phenomena  of  the  successive  throwing  off  of  a  series  of  envelopes  from 
the  nucleus,  and  the  diminution  of  their  elevation  velocities  as  they 
receded  from  it.  A  recent  careful  revision  of  these  phenomena  has, 
according  to  the  report  of  Professor  Bond  for  1864,  completely  confirmed 
the  results  previously  announced. 

Before  dismissing  the  consideration  of  the  volume  on  the  comet  of 
1858,  Mr.  De  La  Rue  added  a  few  words  in  honor  of  Mr.  Josiah  Quincy, 
of  Boston,  who  defrayed  the  expenses  of  the  letter-press  of  the  volume, 
and  of  the  twenty-four  gentlemen  of  Boston,  Waterton,  Cambridge,  and 
Salem,  who  subscribed  the  funds  necessary  to  cover  the  cost  of  the  un- 
rivalled engravings  with  which  it  is  illustrated.  It  is  most  creditable  to 
these  gentlemen  that  they  so  fully  appreciated  the  importance  of  doing 
ample  justice  to  the  labors  of  the  Director  of  the  Ol>«ervatory  of  Har^ 
yard  College,  and  enaUed  him  to  lay  before  the  public  such  a  writteu 


Digitized  by  VjOOQ IC 


868  Scientific  Intelligence, 

and  grapbic  record  as  could  not  fail  to  attract  the  attention  and  obtain 
the  confidence  of  the  astronomical  world.  It  should  be  remembered  that 
the  Observatory  in  question  is  not  an  institution  endowed  with  ample 
funds  to  meet  all  its  requirement*",  but  that^  on  the  contrary,  appeals  for 
aid  to  patriotic  citizens  have  frequently  been  necessary,  and  have  always 
been  generously  responded  to  whenever  any  object  of  scientific  import- 
ance could  be  thus  advanced.'  *  . 

Passing  from  this  splendid  addition  to  our  knowledge  of  the  physical 
phenomena  of  comets,  Mr.  De  La  Rue  next  referred  to  a  very  important 
step  made  by  Professor  Bond  in  connection  with  the  theory  of  planetary 
perturbation.  *  It  is  well  known  that  when  the  excentricity  and  inclina- 
tion of  the  orbit  of  the  di^^turbed  planet  are  considerable,  the  problem  of 
three  bodies  represents  diflSculties  which  have  bafiied  the  efforts  of  the 
most  consummate  mathematicians  since  the  time  of  Newton.  Fortun- 
ately, when  the  question  relates  to  the  computation  of  the  perturbationg 
of  the  principal  bodies  of  the  planetary' system,  such  difficulties  are  not 
found  to  exist,'  *  But  for  comets,  which  revolve  in  orbits  of  every  degree 
of  excentricity,  and  inclined  to  the  ecliptic  at  angles  of  all  degrees  of 
magnitude,  a  special  method  is  necessary.  The  chief  merit  of  improv- 
ing and  applying  this  method  of  computation  must,  in  all  fairness,  be 
assigned  to  Professor  £ncke.  Nevertheless,  Encke  and  other  German 
astronomers  were  to  a  very  great  extent  anticipated  by  Professor  G.  P. 
Bond,  whose  suggestions  were  made  so  early  as  the  month  of  May,  1849, 
in  a  paper  published  in  vol.  iv.  of  the  *  Memoirs  of  the  American  Acad- 
emy of  Arts  and  Sciences,'  whereas  Encke's  labors  bear  date  from  1861.' 
'It  is  but  right,  however,  to  add  that  at  the  time  when  Professor  Encke  com- 
municated his  researches  to  the  Berlin  Academy  he  was  totally  unaware 
of  Professor  Bond's  previously  published  paper  on  the  same  subject' 

Mr.  De  La  Rue  next  ad\'erted  to  the  magnificent  monographs  of  Saturn 
in  *  The  Annals  of  the  Astronomical  OUervatory  of  Harvard  College,' 
vol.  ii,  part  i.  *  Although  the  chief  merit  of  that  elaborate  treatise  is  due 
to  Prof.  W,  C.  Bond,  a  reference  to  the  initials  of  the  various  observers 
brings  out  prominently  the  great  part  taken  by  his  son,  G.  P.  B.  being 
affixed  to  *  two  very  important  series  of  observations  connected  with  the 
physical  history  of  that  interesting  planet,  namely,  in  the  first  place  those 
which  in  1848  led  to  his  discovery  of  the  Eighth  Satellite,  Hyperion,  inde- 
pendently of  and  simultaneously  with  Mr.  Lassell ;  and,  in  the  second 
place,  observations  of  a  peculiar  luminous  appearance  within  the  then 
to-called  inner  ring,  associated  with  a  dusky  belt  crossing  the  planet  in 
such  a  position  that  it  could  not  be  mistaken  for  the  shadow  of  the 
bright  rings  on  the  ball,  which  shadow  was  seen  at  the  same  time  in  its 
proper  place.  I  need  scarcely  say  that  it  was  the  dusky  ring  of  Saturn 
that  was  then  for  the  first  time  noticed,  though  it  was  only  subsequently 
recognised  as  snch  when,  on  Nov.  15,  1850,  Mr.  Tuttle,  of  the  Harvard 
Observatory,  suggested  that  the  existence  of  a  new  ring  of  a  dusky  char- 
acter would  explain  the  phenomena.  Mr.  Dawes  subsequently,  namely, 
on  the  26th  and  29th  of  the  same  month,  discovered  the  same  ring 
independently,  with  a  refractor  by  Merz,  of  6^  inches  aperture.'  The 
address  concluded  as  follows : — 

*  I  believe  I  am  right  in  stating  that  the  only  orbit  of  Hyperion  yet 
published  was  computed  by  Professor  G.  P.  Bond,  from  his  own  obser- 
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▼ations.  He  has  also  published  an  analytical  investigation  of  the  ques- 
tion of  the  stability  of  Saturn's  rings,  in  which  he  arrived  at  the  unex- 
pected conclusion  that  they  are  in  a  fluid  state/ 

Among  other  titles  to  our  esteem  for  him  as  an  astronomer  must  be 
mentioned  his  share  in  the  adaptation  of  the  great  Refractor  of  Harvard 
College  to  the  observations  of  very  small  stars  in  zones  of  declination, 
the  first-fruits  of  the  plan  being  a  catalogue  of  5,500  stars  near  the 
Equator,  forming  vol.  i.  part  ii.  of  the  above  named  "Annals,"  the  ob- 
servations having  been  made  by  himself  and  Mr.  Tuttle. 

This  plan,  it  will  be  remembered,  consists  partly  in  recording,  by  the 
electric  method,  the  times  of  transit  of  stars  as  they  cross  certain  vertical 
lines  drawn  on  a  piece  of  transparent  mica  attached  to  the  diaphragm  of 
the  spider-line  micrometer.  The  electric  recording  apparatus  is  that 
originally  contrived  by  the  late  W.  C.  Bond  and  his  two  sons,  in  which 
the  movement  of  the  recording  barrel  is  regulated  by  their  well-known 
spring-governor.  On  the  piece  of  transparent  mica  exhibiting  the  tran- 
sit lines,  is  also  drawn  a  series  of  horizontal  lines,  10"  of  declination 
apart,  grouped  into  threes  and  sixes,  to  indicate  half  minutes  and  min- 
utes, the  former  denoted  by  making  every  third  line  somewhat  longer 
than  the  adjoining  ones,  and  the  latter  by  causing  every  sixth  line  to  ex- 
tend quite  across  the  slip  of  mica.  By  means  of  a  cross-light  illumina- 
tion the  lines  are  made  to  appear  white  on  a  dark  ground.  "The  ob- 
server, with  the  aid  of  an  assistant,  whose  office  it  is  to  record  the  declin- 
ations, magnitudes,  <!?c.,  has  it  in  his  power  to  give  the  elements  of  po- 
sition and  magnitude  of  each  star  at  the  rate  of  seven  per  minute,  the 
average  frequency  of  observations  being  only  two  in  each  minute.'* 
Since  Professor  G.  P.  Bond's  appointment  to  the  direction  of  Harvard 
Observatory  in  1 859,  these  zone  observations  have  been  diligently  con- 
tinued; and  in  his  report  for  1864  it  is  stated  that  the  region  between 
-|-  1**  00'  and  1°  10"  had  been  nearly  completed,  and  that  great  progress 
had  been  made  in  the  zones  between  1**  10'  and  1**  20'. 

It  is  only  necessary  to  read  the  Reports  of  the  "Committee  of  the 
Overseers"  of  Harvard  College,  and  the  accompanying  Reports  by  the 
Director  of  the  Observatory,  to  show  that  the  same  zeal  animates  Pro- 
fessor G.  P.  Bond  that  was  so  strongly  evinced  by  his  father.  The  vast 
amount  of  work  accomplished  in  the  way  of  observation,  reduction  of 
the  results,  and  their  publication,  is  truly  surprising,  for  we  must  in 
forming  an  estimate  always  bear  in  mind  that  the  Observatory  of  Har- 
vard College  has  very  small  means  at  its  disposal,  in  comparison  with 
the  magnitude  of  its  undertakings. 

There  is  onre  claim  to  recognition  which  I,  of  all  persons,  roust  not  past 
over  without  notice — namely,  the  first  application  of  photography  to  astro- 
nomical observations;  for  it  was  my  seeing  in  the  exhibition  of  1851  a 
lunar  photograph,  which  emanated  from  this  Observatory,  that  stimu- 
lated me  to  undertake  experiments  in  that  direction.  The  first  applica* 
tion  of  photography  to  the  delineation  of  our  satellite  and  of  some  of  the 
fixed  stars  I  had  attributed  to  Prof.  W.  C.  Bond,  in  connection  with 
Messrs.  Whipple  and  Black,  of  Boston  ;  but  I  am  informed  that  it  origin- 
ated with  G.  P.  Bond,  to  whom,  therefore,  in  conjunction  with  these  last- 
named  gentlemen,  the  merit  of  this  important  step  must  be  assigned. 

'  Presented  to  the  American  Academy  of  Arts  and  Sciences,  April  15, 1851. 
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Professor  Bond^s  latest  and  yet  unfinished,  work,  is  that  upon  the 
Nebula  of  Orion^  which  object  is  also  engaging  the  attention  of  Lord 
Eosse.  Professor  Bond  has  already  sent  to  England  a  proof  from  a  steel 
plate  engraved  from  his  drawing;  he  has  catalogued  the  stars  in  and 
around  the  nebula  with  more  minuteness  than  the  Russian  astronomers; 
and  he  has  been  so  fortunate  as  to  disc«>ver  in  the  nebula  a  grand  feature 
which  has  hitherto  escaped  the  attention  of  astronomers.  This  new 
feature  is  a  fi^reat  re-entering  loop  of  nebulous  matter  extending  around 
Dearly  the  whole  of  the  previously  known  portion,  and  enclosing,  as  with 
a  nebulous  wall,  a  large  space  exterior  to  the  well-known  figure.  It  was 
discovered  by  employing  with  the  22-feet  refractor  of  15  inches  aperture, 
an  eye-piece  magnifying  90  times,  with  a  field  of  30' ;  by  this  arrange- 
ment it  was  seen  with  great  distinctness.  It  is  well  known  how  clearly 
the  low  powers  of  comet-seekers  bring  out  the  faint  details  of  comets ; 
and  the  conversion,  so  to  speak,  of  the  Harvard  Refractor  into  a  huge 
comet-seeker  has  led  to  this  interesting  discovery. 

In  1851,  Prof.  G.  P.  Bond  visited  Europe,  and  his  reception  at  the 
principal  astronomical  establishments,  and  especially  at  the  classical  Ob- 
servatory of  Pulkowa,  as  detailed  in  the  Annals  of  Harvard  College  Ob- 
servatory, vol.  i.  part  i.,*  may  perhaps  be  regarded  as  evincing  something 
more  than  the  ordinary  courteous  welcome  due  to  a  stranger.  In  1863 
he  again  visited  Europe,  wheh  I  had  the  pleasure  of  making  his  acquaint- 
ance, and  I  am  convinced  that  on  this,  as  on  the  oc^^asion  of  his  previous 
visit.  Professor  G.  P.  Bond  not  only  gained  many  personal  friends,  but 
also  the  high  opinion  and  respect  of  those  astronomers  with  whom  he 
came  into  contact.' — From  The  Reader^  Feb,  11,  1865;  but  somewhat 
altered  and  extended  afler  comparison  with  the  publication  of  the  Address 
in  the  Monthly  Notices  of  the  Aatr.  Soc.,  vol.  xxv,  Feb.  10,  1865,  p.  125, 
received  after  these  pages  were  in  type. 

4.  Comet  V,  1864. — A  comet  was  discovered  by  Bruhns,  at  Leipzic, 
on  the  30th  of  Dec  1864.  The  following  elements  were  computed  by 
Engelmann,  from  observations  of  Dec  30th,  Jan.  3d,  and  Jan  2l8t. 

T  =  1864,  Dec  27-76616,  t  =  IT*'  V  13"-7, 

^=    162*^  21' 55"-l,  log ^^  =  0047095, 

Q  =    340**  53'  52"-6,  Motion  retrograde. 

5.  Duration  of  the  flight  of  shooting  stars, — Dr.  Jules  Schmidt,  di- 
rector of  the  Observatory  at  Athens,  has  communicated  to  Mr.  Haidinger 
some  of  the  results  of  his  observations  during  the  last  eight  years  upon 
shooting  stars.  He  has  recorded  the  estimated  duration  of  flight  of  1 357 
meteors,  out  of  about  16,000  seen.  The  mean  duration  of  those  of  dif- 
ferent colors  was,  of  846  white  shooting  stars,  0**709;  of  361  yellow, 
0»-947  ;  of  101  red,  l»-787 ;  and  of  49  green  ones,  2"-685.  The  mean 
of  all  was  0**925.  This  is  somewhat  larger  than  the  mean  duration  ob- 
tained on  page  203  of  this  volume.  Dr.  Schmidt  having  been  accus- 
tomed to  estimate  small  intervals  of  time  in  astronomical  observations, 
his  estimates  deserve  not  a  little  confidence.  We  trust  that  he  will 
classify  them  according  to  the  hour  of  the  night  His  earlier  observa- 
tions were  made  mostly  in  the  evening.  The  times  of  the  observations 
of  this  series  are  not  specified.     We  believe  that  there  is  a  decrease  in 

*  Appendix,  pp.  158-60,  inclusive. 
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the  mean  duration  in  the  later  hours  of  the  night     Such  decrease  is  disr 
tinctly  shown  by  Wartraann's  observations  in  1838.  h.  a.  n. 

6.  ff eights  of  Auroral  Arches, — Mr.  B.  V.  Marsh  has  obtained  data 
for  computing  the  altitudes  of  three  auroral  arches.  A  fine  arch  was 
seen  early  on  the  evening  of  the  Idth  of  January,  1865,  and  from  observ- 
ations at  Germantown,  Pa.  and  Brunswick,  Me.,  the  computed  altitude 
is  07  miles.  A  second  arch  on  the  20th  of  February  was  observed  at 
Germantown,  Newburyport,  Mtiss.,  and  Brunswick.  The  Brunswick  and 
Newburyport  observations  give  an  altitude  of  67  miles ;  those  of  German- 
town  and  Newburyport  92  miles.  The  mean  of  the  two  determinations 
is  79^  miles.  A  third  arch  on  the  2l8t  of  February,  observed  at  Boston  , 
and  Philadelphia,  had  the  computed  altitude  of  57  miles.  The  mean 
height  of  the  three  arches  was  therefore  78  miles.  The  data  were  not 
very  exact  in  either  case,  but  taken  together  they  are  believed  to  furnish 
reliable  approximations.  h.  a.  n. 

V.    MISCELLANEOUS  SCIENTIFIC  INTELLIGENCE. 

1.  The  Agassiz  Expedition  to  South  America. — On  the  29th  of  March, 
Prof.  Agassiz,  with  a  large  corps  of  assistants,  -sailed  in  the  steamer 
Colorado  for  Rio  Janeiro,  on  an  exploring  tour  in  South  America. 
His  corps  consists  of  0.  H.  StJohn  and  C.  F.  Hartt  to  collect  fossils 
and  to  aid  in  geological  exploration,  J.  G.  Anthont  to  collect  raollusks, 
J.  A.  Allen  to  collect  birds  and  mammals,  G.  Sceva  to  make  skeletons 
of  mammals,  birds,  the  large  reptiles  and  fishes,  and  Mr.  Burkhardt 
to  make  drawings.  Prof.  Agassiz  will  devote  himself,  with  native  and 
such  other  assistance  as  he  may  obtain,  to  the  collection  of  marine  in- 
vertebrates, yet  will  have,  for  his  main  object,  the  study  of  the  embry- 
ology of  some  of  the  remarkable  fishes  of  the  Amazon,  and  investiga- 
tions with  regard  to  the  drift  phenomena,  or  ancient  glacial  action,  in 
the  Andes. 

The  party  is  accompanied  also  by  Dr.  B.  E.  Getting  as  surgeon,  with 
the  wives  of  Prof.  Agassiz  and  Dr.  Cotting,  a  son  of  Mr.  N.  Thayer  of 
Boston,  and  a  son  of  Mr.  S.  G.  Ward  of  that  city. 

The  expedition  goes  first  to  Rio  Janeiro,  whence  the  geological  as- 
sistants will  journey  by  land  north  to  the  Amazon,  while  the  rest  of  the 
party,  after  completing  investigations  there,  will  take  vessel  for  the  same 
river.  Prof.  Agassiz  and  party  will  then  ascend  the  Amazon,  to  the 
Andes,  and,  finally,  after  explorations  in  the  mountains,  descend  to  Lima; 

Professor  Agassiz  at  first  intended  only  a  visit  to  Brazil  for  his  health, 
and  proposed  to  take  along  one  or  two  assistants  to  aid  him  in  making 
collections  for  the  Museum  of  which  he  is  Director  at  Cambridge.  On 
mentioning  his  plan  to  Mr.  Nathanacl  Thayer,  this  generous  patron  of 
science  at  once  said  '*  Agassiz,  go  home,  find  six  assistants,  and  I  will 
pay  the  bill."  The  Pacific  Mail  Steamship  Co.,  hearing  early  of  the 
projected  tour  of  exploration,  immediately  tendered  to  Professor  Agas- 
siz and  his  wife  free  passage  to  Rio;  and,  afterward,  on  learning  of 
Mr.  Thayer's  munificent  proposition,  Mr.  McLane,  in  the  name  of  the 
Director  of  the  Company,  offered  to  the  whole  party  free  passage  in  the 
new  steamer  Colorado,  about  sailing  for  Panama  via  Cape  Horn.  The 
arrangements  were  soon  completed,  and  within  three  weeks  after  Mr. 
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Thayer's  promise  was  made;  the  expedition  left  New  York  in  the 
Colorado. 

The  Secretary  of  the  Navy  has  riven  Prof.  Agassiz  a  letter  addressed 
to  all  officers  of  the  navy  whom  they  may  meet,  in  order  to  secure  for 
them  free  transportation  when  desired.  He  offered  also  a  government 
vessel  to  take  them  to  their  place  of  destination  in  South  America,  bnt 
they  were  already  provided,  through  the  liberality  above  mentioned. 
Every  facility  may  be  looked  for  also  from  the  Emperor  of  Brazil,  who 
has,  for  some  time  past,  manifested  great  interest  in  the  welfare  of  the 
Maseum  of  Comparative  Zoology  at  Cambridge. 

Great  results  may  be  expected  from  an  expedition  under  such  a  leader, 
so  ably  supported  and  so  well  equipped.  The  explorations  will  be 
mainly  inland,  and  therefore  the  richer  in  novelties  to  science. 

2.  Temperature  of  the  climate  near  large  bodies  of  water. — Mr.  J.  S, 
LipPiNCOTT,  of  Haddonfield,  N.  J.,  in  an  article  published  in  the  Second 
Annual  Report  of  the  West  Jersey  Fruit-Growers  Association  (1864-5, 
Philadelphia),  attributes  the  milder  climate  near  the  great  lakes  and  the 
ocean  to  the  atmospheric  humidity  occasioned  by  the  proximity  of  water, 
referring  to  the  principle  established  by  Tyndall  that  moisture  in  the  air 
absorbs  the  heat  received  from  the  earth  and  retains  it  about  its  surface, 
preventing  thus  its  escape  into  space,  and  to  his  views  on  the  subject. 
He  explains  in  this  way  why  western  New  Jersey  is  much  less  favorable 
for  vineyards  than  the  vicinity  of  the  great  lakes  or  the  lakes  of  New 
York,  situated  farther  to  the  north. 

3.  Corinthian  Lake-habitations, — Prof.  Hochstbtter  has  found  evi- 
dences of  lake-habitations  on  piles  in  four  of  the  lakes  of  Carinthia ; 
namely,  those  of  Word,  Keutschach,  Rauschelen,  and  Osseach.  From 
the  lake  of  Keutschach,  the  only  one  yet  particularly  investigated,  nu* 
merous  black  potsherds,  pieces  of  half-burnt  clay,  half-carbonized  frag- 
ments, a  whetstone,  a  portion  of  a  stages  horn,  are  among  the  relics  ob- 
tained.— Header,  Dec,  3. 

4.  A  new  meteorite  from  Arkansas, — Prof.  J.  Lawrence  Smftq  has 
received  a  portion  of  a  new  meteorite  from  Arkansas,  consisting  of  mixed 
iron  and  stony  matter,  which  he  has  under  investigation. — Letter  to  G,J. 
Brushy  dated  Louisville,  Ky.^  Apr,  24. 

5.  Cancerine. — A  fertilizer,  named  Cancerine,  is  made  on  the  coast  of 
New  Jersey,  out  of  King-crabs^  a  crustacean  otherwise  called  ^'Horse- 
shoe^ and  in  science  Limulus,  They  are  dried  and  ground ;  and,  thus 
prepared,  the  material  is  said  to  be  worth  half  as  much  as  Peruvian 
guano. — Prof,  G,  H,  Coolc's  Report  on  the  Geol,  Survey  ofN,  Jersey,  1 S64. 

6.  Large  mass  of  Amber  from  India, — Sir  David  Brewster  has  de- 
scribed a  mass  of  amber  from  India  weighing  upward  of  two  pounds. 
It  is  traversed  by  veins  of  carbonate  of  lime. — Proc,  Roy,  Soc,  Edinb,^ 
Jan.  16. 

7.  Earthquake  at  Buffalo,  N,  T, — On  the  29th  of  January  last,  at 
4  A.  M.,  there  was  a  shock  of  an  earth auake  at  Buffalo. 

8.  Louis  Saemann, — The  Comptoir  Min^ralogique  et  Pal^ontologique 
— or  establishment  for  the  Sale  of  Minerals,  Rocks  and  Fossils — of  Louis 
Saemann,  in  Paris,  has  been  removed  to  Rue  de  M6zieres,  No.  6,  where 
he  stands  ready  to  supply  on  reasonable  terms,  all  wishing  to  buy,  or 
complete,  mineral,  lithological,  or  paleontological  cabinets. 
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0.  Dr.  A.  KranU. — The  7th  edition  of  the  Catalogue  of  minecak, 
rocks,  foesils,  casts  and  models  for  sale  at  the  laree  and  well  known  hoose 
of  Dr.  Krantz,  at  Bonn,  in  Prussia  on  the  Rhine,  has  recently  been  issued, 
and  exhibit*  great  completeness  in  his  stock  in  all  departments,  and  favor- 
able prices  for  purchasers.  Besides  the  Tarious  other  collections,  we 
observe  one  of  114  models  of  occurring  crystalline  forms  of  various  min- 
erals, in  wood,  well  labelled,  with  reference  to  standard  works,  for  16 
thalers;  and  another  of  675  forms,  for  only  120  thalers  (the  thaler  being 
equivalent  to  about  75  cents). 

Obituary. — Thomas  B.  Wilson. — The  scientific  world  has  sustained 
a  severe  loss  in  the  death  of  Dr.  Thos.  B.  Wilson,  the  late  President  of 
the  Academy  of  Natural  Sciences,  in  this  city,  which  took  place  on  the 
15th  of  March  last,  at  his  late  residence  in  Newark,  Delaware.  Dr. 
Wilson,  who  was  a  native  of  Philadelphia,  has  for  many  years  devoted 
himself  to  the  encouragement  and  promotion  of  zoological  science, 
especially  in  connection  with  the  Academy  of  Natural  Sciences,  an  in- 
stitution which,  mainly  by  his  energy,  ability  and  princely  liberality,  has 
been  raised  from  comparative  mediocrity  to  an  equality  with  the  leading 
kindred  institutions  of  the  Old  World.  The  superb  collection  of  Birds, 
which  ranks  as  the  third  in  importance  in  the  world,  and  the  invaluable 
Library  of  the  Academy,  are  but  a  partial  evidence  of  Dr.  Wilson's 
unostentatious  munificence.  Every  department  of  the  institution  bears 
his  mark  and  will  feel  his  loss.  He  has  also  contributed  largely  of  late 
to  the  Entomological  Society  at  Philadelphia.  Although  his  residence 
had  been  removed  to  Newark,  Delaware,  half  of  bis  time  was  regularly 
spent  in  his  native  city  and  occupied  with  his  favorite  pursuits.  It  is 
dif9cult  to  estimate  the  value  of  such  men  to  the  cause  of  science,  or 
the  loss  which  a  community  sustains  when  their  labors  are  cut  short — 
Daily  Evening  Bulletin^  Philadelphia^  March  21. 

George  H.  Emerson. — ^Mr.  George  H.  Emerson,  a  young  chemist  of 
much  promise,  originally  from  the  city  of  Hartford,  Ct,  died  at  Green- 
field, Mass.,  after  a  long  and  painful  illness,  on  the  28th  of  December 
last,  at  the  age  of  twenty-seven.  Mr.  Emerson  is  the  author  of  a  memoir 
**  On  crystals  and  precipitates  in  Blowpipe  Beads,"  presented  to  the  Bos- 
ton Society  of  Natural  History,  an  abstract  of  which  was  published  in 
volume  zxxvii  of  this  Journal  (p.  414).  Having  discovered  that  nearly 
all  those  earths,  or  metallic  oxyds,  which  produce  an  opaque  bead  on 
flaming,  give  rise,  with  proper  manipulations,  to  definite  and  character- 
istic crystals,  he  examined,  with  great  labor  and  care,  a  large  variety  of 
substances,  and  carried  his  investigations  so  far  as  to  determine  and  de- 
scribe the  appearance  of  the  crystals  or  precipitates  in  different  fiuxes. 
His  researches — which  he  regarded  as  but  just  beffun, — promised  to 
contribute  much  to  the  progress  of  the  science  of  Blowpipe  analysis. 
But  he  was  compelled  to  discontinue  them  by  his  failing  health.  He 
had  been  a  student  of  Chemistry  in  Prof.  CJooke's  laboratory  at  Cam- 
bridge but  one  year  when  he  obtained  his  interesting  results.  But  the 
enthusiasm  and  activity  with  which  he  applied  himself  would  have 
severely  tried  a  stronger  constitution  than  his.  Having  sought  to  im- 
prove his  health  by  a  journey  to  Florida  without  avail,  he  died  at  Green- 
field a  few  months  after  his  return. 
Am.  Jour.  Sox.— Sboono  Sbribs,  Vol.  XXXIJL,  No.  117.~M^t,  1865. 
48 
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Mr.  Emerson  belonged  to  that  rare  class  of  men,  who  perpetuate  their 
good  works,  and  after  death  remain  useful  to  humanity.  By  his  will  he 
gave  his  whole  estate  to  the  endowment  of  four  scholarships  for  the 
relief  of  needy  and  meritorious  graduates  of  the  Lawrence  Scientific 
School  of  Harvard  College.  Such  a  grand  and  simple  life  of  devotion 
needs  no  drapery  of  euphonious  words.  He  loved  science,  and  gave  for 
her  advancement  all  he  possessed,  even  his  young  life.  a.  h. 

William  J.  Walker, — Dr.  William  Johnson  Walker  died  on  the 
2nd  of  April  last,  at  Newport,  Rhode  Island,  in  his  76th  year.  He  had 
been  eminently  skilful  in  surgery  and  the  treatment  of  disease,  but  quit- 
ted  the  practice  of  his  profession  about  twenty  years  since.  He  was  a  lib- 
eral patron  of  science  and  of  education,  and  not  less  munificent  in  his 
gifts  than  in  his  bequests.  During  his  later  years  his  gifts  amount  to 
K>ur  hundred  thousand  dollars,  of  which  the  Boston  Natural  History 
Society  had  a  share.  In  his  will  he  bequeaths  one  million  of  dollan 
(out  of  an  estate  of  about  one  and  a  quarter  millions)  in  equal  parts  to 
the  Boston  Society  of  Natural  History,  Amherst  College,  Tufts  College 
and  the  Institute  of  Technology  at  Boston. 

VI.    MISCELLANEOUS  BIBLIOGRAPHY. 

1.  Naturalists^  Directory,  From  the  Proceedings  of  the  Essex  In- 
stitute, Salem,  Mass.  F.  W.  Putnam,  Editor. — Advance  sheets  of  Part 
I  of  this  Directory  have  been  received.  It  forms  part  of  the  April 
number  of  the  Proceedings,  but  has  separate  paging  so  as  to  be  bound 
by  itself.  This  first  part  contains  the  names  and  addresses  of  the  natu- 
ralists of  North  America  and  the  West  Indies,  together  with  their 
special  departments  of  science,  and  other  usefbl  information.  Hie 
publication  of  this  work  is  to  be  continued  quarterly  until  completed. 
The  next  number  will  contain  the  names  of  foreign  naturalists,  with 
their  addresses  and  special  branches  of  study,  so  far  as  they  can  be  as- 
certained. In  the  part  already  printed  the  names  have  been  arranged 
alphal^etically  for  greater  convenience,  but  in  future  numbers  it  is  pro- 
posed to  arrange  those  of  each  country  according  to  their  special  de- 
partments. 

The  utility  and  convenience  of  a  work  of  this  kind  must  be  obvious 
to  every  one  interested  in  Natural  History,  and  the  first  number  gives 
assurance,  by  the  great  labor  and  care  that  has  been  bestowed  upon  it, 
that  the  entire  work  will,  notwithstanding  the  inherent  difiiculties  of 
the  task,  be  rapidly  and  successfully  completed,  and  thus  supply  a  want 
that  has  long  been  felt  a.  e.  v. 

2.  The  Social  Science  Review:  a  Quarterly  Journal  of  Political 
Economy  and  Statistics;  Alexander  Dslmar  and  Simon  Stern,  Edi- 
tors. Vol.  I,  No.  1,  January,  1866.  96  pp.  8vo.  New  York.--The  sub- 
jects discussed  in  this  first  number  of  the  Social  Science  Review  are — > 
Government ;  Mr.  Fessenden's  Report ;  Herbert  Spencer  on  Social  Stat- 
ics, <fec. ;  Mr.  About's  Progr^s ;  The  limits  of  Political  Economy. 

3.  The  Preparation  and  Mounting  of  Microscopic  Objects  ;  by  Thomas 
Davies.  144  pp.,  12mo.  New  York:  Wm.  Wood  &  Co.,  61  Walker 
street — In  accordance  with  the  author^s  aim,  as  expressed  in  his  Pre- 
face, this  little  manual  supplies  a  want  long  felt,  and  supplies  it  well, 


Digitized  by  VjOOQ IC 


MiscelktMCUM  Bibliography.  875 

Jiving  the  methods  of  preparing  and  mounting  (and  to  some  extent, 
also,  of  collecting)  specimens  for  the  microscope  that  are  in  general 
nse,  along  with  the  results  of  his  own  experience;  and  with  soch 
explanations  of  the  rudiments  of  the  art  as  may  be  required  by  a  be- 
ginner, as  well  as  those  details  that  the  advanced  student  might  need. 
The  subjects  of  the  chapters  are :  I.  Apparatus ;  II.  Preparation  and 
mounting  of  objects  "  dry ;"  IIL  Mounting  in  Canada  Balsam ;  IV. 
Preservative  liquids ;  V.  Sections,  and  how  to  cut  them,  with  some  re- 
marks on  dissection ;  VI.  Injection ;  VIL  Miscellaneous  information  on 
objects  of  interest  for  the  microscope. 

4.  Truhner's  American  and  Oriental  Record, — ^The  Record,  published 
in  London  by  Messrs.  Triibner  &  Co.  (60  Paternoster  Row),  of  which 
the  first  number  made  its  appearance  on  the  16th  of  March  last,  is  to 
be  "  a  monthly  register  of  the  most  important  works  published  in  North 
and  South  America,  India  and  China  and  the  British  Colonies,  with  the 
occasional  addition  of  notes  on  German,  Dutch,  Danish,  French,  Italian, 
Spanish,  Portuguese,  and  Russian  books.''  Its  object  is  stated  to  be 
two-fold :  firsty  to  form  a  medium  of  communication  between  American 
and  Oriental  authors  and  publishers  and  the  English  public ;  and,  «eo 
ondly^  to  make  American  and  Oriental  works  better  known  in  Europe. 
It  has  therefore  a  special  interest  to  American  authors  and  publishers, 
and  to  the  American  people  generally.  Cooperation  from  America  is 
asked  for,  and  especially  early  intimation  of  publications  in  contempla- 
tion, with  a  mention  of  such  particulars  in  each  case  as  the  trade  and 
the  reading  public  demand.  The  house  of  Tidbner  k  Co.  has  long 
dealt  largely  in  American  works,  and  done  much  toward  extending  their 
circulation  through  Great  Britain  and  Europe.  The  first  number  of  the  < 
Record  runs  to  24  pages  small  4to.     Price  Qd. 

6.  American  Journal  of  Ccnchology  ;  edited  by  G.  W.  Trton,  Jr. — 
The  first  and  second  numbers  of  the  American  Journal  of  Conchology 
have  appeared,  and  by  their  contents  promise  much  for  the  progress  of 
the  science  of  both  recent  and  fossil  shells.  The  numbers  of  this  quar- 
terly contain  06  pages  each ;  the  first  is  enriched  by  9  plates  of  shells, 
and  the  second  by  8,  several  of  them  colored.  The  price  per  number  is 
three  dollars,  and  per  year  ten  dollars.  These  numbers  contain  articles  on 
Tertiary  fossils  by  T.  A.  Conrad ;  and  on  recent  shells  by  S.  S.  Halderoan, 
T.  Bland,  W.  G.  Binney,  W.  Stimpson,  C.  M.  Wheatley,  A.  D.  Brown, 
J.  G.  Anthony,  and  the  Editor,  besides  "Reviews  and  Summary  of  Con- 
chological  Publications"  and  "Scientific  Intelligence." 

6.  Woodward^s  Country  Homes;  by  G.  E.  &  F.  W.  Woodward, 
Architects.  166  pp.,  12mo.  New  York:  G.  E.  &  F.  W.  Woodward, 
37  Park  Row,  office  of  the  Horticulturist. — This  neat  little  volume  is 
illustrated  by  numerous  cuts  representing  dwelling  houses  of  various 
tasteful  styles,  and  plans  for  their  construction,  and  is  well  calculated 
to  distribute  through  the  country,  taste  in  domestic  architecture  and 
some  knowledge  of  the  ways  of  exhibiting  it. 

7.  The  New  York  MedicalJoumal.  Vol.  I,  No.  l,  April.  1865.  88  pp. 
8vo.  Miller  &  Mathews,  New  York  and  J.  B.  Lippincott  &  Co.,  Phila- 
delphia. $5  per  year. — This  new  monthly  is  to  be  sustained  by  the 
highest  medical  and  surgical  talent  of  the  .country,  and  promises  Xo  be 
the  leading  Medical  Journal. 
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267. 
Alcohols,  thaUlc,  22a 
AlgeWs  cabinet  of  minerals,  224. 
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Aluminum  compounds,  845. 

separation  of,  from  other  bases  by 
acetate  of  sodium,  60. 
Amber,  laree  mass  of,  from  India,  372. 
American  Acad.  Arts  and  Set,  Proceed* 
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Philosophical  Sodetj,  premium  of, 
to  P.  £.  Chase,  114. 
Angstrom,  wave-lengths  of  Fraunhofer's 

lines,  215. 
Arkansas  meteorite,  new.  Smithy  872. 
Artificial  diopaide.  Brush,  182. 
Asplialtum  in  California,  lOL 

Mexico,  809. 
Asteroid,  Alcmene,  281. 
Astronomer  of  Harvard  Observatory,  G, 
P.  Bond,  death  of,  285. 

of  Naval  Observatory,  J.  M.  GilUss, 
death  of,  285. 
Astronomical  photography,  Jtutheifurdy 
804. 

first  introduced  bj  6.  P.  Bond,  869. 

Society  of  London,  medal  of  to  G.  P. 

Bond  and  address  of  the  president,  864. 

Astronomy,  nebular  hypothesis   in,   D. 

TrwOfridge,  29, 118. 

planetology  In,  Hinriehs,  46,  184,  276. 
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J^864. 

see  further,  Comet,  Moon,  Flarut,  Sun, 
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Aororal  archea,  height  of,  Nevokyn,  286, 871, 
Australia,  acclimation  of  salmon  in,  84. 
Azoic  age  of  Iron  ore  of  Mexico,  Darui, 
866. 

rocks  and  iron  ores  in  Michigan,  Kim- 
50^290. 
see  further  Geoloot. 
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BaUev^B  Report  on  Geology  of  N.  Brons- 

wlck,  notice  of,  856. 
Balrd's  ReTdew  «f  Americm  Birds,  notice 

•(;ai6. 


BaiTta,  solubility  of  suh>]iate  of,  in  tnl- 

pburlc  acid,  MckUs,  W, 
Beatricea,  A.  Hyatt,  26L 
Bentham*s  Florula  AnstraUensia,  notice 

of,  110. 
Bliss,  J.  S.,  on  buried  stems  and  branches 

in  Illinois,  95. 
Bond,  G.  P.,  death  of,  285. 

eulogy  on,  bv  De  Jai  Rue,  connected 

with  the  awarding  of  the  medal  of  the 

Astronomical  Society,  864. 
Botany— 

Calluna  vulgaris  in  Newfoundland,  228. 

Dimorphism  and  trimorphism  in  planta, 
360. 

Diolco-dlmorphlsm    in    the   primrose 
family,  101. 

Harvard  University  herbarium,  834. 

Hybrids,  return  of  to  parental  forms,  107. 

Naias  major,  Ruppla  marltima.  etc.,  at 
Salina,  N.  Y.,  106. 

Observations  on  dimorphous  flowers  by 
K  V,  Mohl,  104. 
notices  of  works  In, — 

Bentham*s  FloruU  Australlensls,  110. 

DeCandolle's  Prodromus,  859. 

Gri»ebaoh*8  Flora  of  the  British  West 
India  Islands,  108. 

Hooker's  N.  Zealand  flora,  859. 

Linn.  Soc  Journal,  860. 

Martlus's  Flora  Braslliensis,  860. 
Brewer,  explorations  by,  in  Sierra  Nevada, 

10. 
BrusTi^  O.  J.,  diopside,  a  Aimace  product, 

182. 
Budding  in  insect  larves.  110, 86t 
Bunsen,  thermo-electric  iMitteries,  219. 


California,  explorations  of  Sierra  Nevada 
of,  in  1864,  Whitney,  10. 

notice  of  Report  on  Paleontology  of^ 
99. 
petroleum  of,  StUiman,  101,  841. 
Cambridge  observatory  in  1864,  work  of^ 

Canadian  graptolltes,  notice  of  Hall  on, 

224. 
Cancerine,  a  fertUizer,  872. 
Carboniferous,  see  Geoloot. 
Caricography,  C,  Betoejf,  69. 
Carlnthlan  lake-habitations,  872. 
Cave  of  Belgium,  human  skulls  in,  228. 
Cedar  of  Lebanon  at  Paris,  A,  Oray,  228. 
Chamber^s  Encyclopedia,  notice  ofl^llS. 
Chandler,  C.  F,,  tin  ore  in  Mexico,  349. 
Chase,  P.  E.,  terrestrial  magnetism  as  a 

mode  of  motion,  117. 


Digitized  by  VjOOQ IC 


INDEX. 


877 


C%a«L  P,  R.  relations  of  gravity  and  mag- 
netism. 813. 

Chemical  action,  mechanical  energy  of, 
Kclk,9!L 

analysis,  process  in,  fbr  separation  of{ 
chromium,  iron,  alnminnm,  etc,  Oibbs^ 
CO-64. 

Chemistry,  contribntions  to,  W.  Qitlb^  5& 
of  natural  waters,  HurU^  176. 

Chromium,  separation  of,  OibbiJS^ 

Climate  near  water,  LippincoU^  873. 

Coal  in  Mexico,  Manrosty  809. 

Coal-measures,  see  Carboniferous,  under 
Gbologt. 

Coast  Surrey  Report,  notice  of,  115. 

Cobalt,  separation  of  from  nickel,  OibbHj  60. 

Combustion  by  invisible  rays,  Akin^  847. 

Comet,  Donatrs,  111,  395. 

IV,  of  1864,232;    V,  of  1864,  870. 

Conchology,  Journal  of,  116,  875. 

CoDdensation,  process  of  fractional,  War- 
ren. 827. 

Cook^s  Geological  Report  of  New  Jersey 
for  1864,  notice  of,  359. 

Copper,  electrolytic  precipitation  of,  as  a 
method  of  analysis,  64. 

Correlation,  etc.,  of  Forces,  notice   of 
Youmon't)  work  on,  220. 

Cresson^s  Hymcnoptera  of  Cuba,  notice 
of,  863. 

Cretaceous,  see  Geoloot. 

Crinoids  of  the  genus  Erisocrinus,  Meek 
and  Worthm,  17^250, 

Crustacean  fertilizer,  Cancerine,  872. 


Dana,  J.  2>.,  on  Brushite,  45. 

on  the  Azoic  age  and  metamorphic 
origin  of  the  iron  ore  of  Guerrero,  Mex- 
ico, 858. 

Davies*s  Preparation  and  Mounting  ofl 
Microscopic  Objects,  notice  of,  37£ 

De  La  Jhie^  eulogy  on  Bond,  864. 

DeCandolle*s  Prodromus,  notice  of,  859. 

JkvWe,  density  of  vapor  of  sal-ammoniac, 
846u 

Jkwejfy  C7.,  on  Caricography,  69. 

Differential  Calculus,  notice  of  J.  Spare 
on,  238. 

Dimorphism  in  plants,  860. 

Dimorphous  flowers,  MoM^  104. 

Dioico-dimorphism,  SooUy  101. 

DrifU  mention  of  memoir  by  Murchison 
on, 85a 

Ihmkin.  Ky  on  the  probable  error  of  a 
meridional  transit-observation  by  differ- 
ent methods,  112. 
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Earthquake  at  Bufblo,  872. 

Electrolytic  precipitation  of  copper  and 

nickel  as  a  method  of  analysis,  64. 
Electrical  properties  of  gun  cotton,  John- 

ston,84a 
Electricity,  nature  of,  NorUmy  239. 
Emerson,  G.  H.,  obituary  of,  373. 
Emery  in  Massachusetts,  C.  T.  Jackftmy  87. 
Essex  Institute,  Proceedings  of,  116. 
Ether  In  the  solar  system,  notice  of  WU- 

cocks  on  the  influence  of.  Hi. 


Ether,  replacement  of  hydrogen  in,  by 
chlorine,  ethyl  and  oxethyl,  lAAen  and 
JBciK^,  96. 

Ethyl,  preparation  of  oxalate  of,  2L  C, 

Expedition  to  S.  America  of  Agassiz,  STL 

P 

Falconer,  Hugh,  death  of,  236. 

Fossils,  casts  of,  made  by  H.  A.  Ward,  224. 

see  ftirther.  Geology. 
Fractional   condensation,  a  process  of, 

Warret^  S27. 
Fraunhofer's  lines,  wave-lengths  of;  215, 

217. 
FrUzMihey  on  determination  of  lime,  844. 
Furnace  product,  diopside,  Brushy]^ 
Furnaces,  Siemen^s  regenerative,  232,844. 


Gas-Aimaces,  Siemens,  282,  344. 
Geological  position  of  petroleum,  TR«- 
cAi«;350. 

Report  of  New  Jersey  for  1864,  by  G. 
H.  Cook,  notice  of,  359. 

survey  of  California,  notes  relating 
to,  10. 

notice  of  Paleontological 
Report  of,  99. 

of  Canada,  work  on  graptolites 
of,  notice  of,  224. 
Geology— 
Azoic  age  of  New  Jersey  Highlands, 
Ledey^m,  j      ^        ^ 

or  lAurentian  rocks  in  eastern  New 
York,  HaU  and  Logany  96. 

rocks  and  iron  ores  of  Michigan, 
KimhaUy  290. 

age  and  metamorphic  origin  of  iron 
ores  of  Mexico,  J.  D.  Danay  858. 
Beatriceae,  HyaUy  261. 
Buried  stems  and  branches,  BlUSy  96. 
Carboniferous  rocks  and  fossils  west  of 

Mississippi,  etc,  Ifeeky  157. 
Cretaceous  rocks  and  fossils  west  of 

Mississippi,  etc.,  Meeky  157. 
Crinoid,  genus  Erisocrinus,  Meek^  174, 

851. 
Devonain  insects  of  N.  Brunswick,  867. 
Drift,  Murchison  on,  858. 
Gait  or  Guelph  and  Leclalre  limestone, 

ffaUydSS. 
Graptolites,  notice  of  Hall  on  Canadian, 

Human  skulls  of  a  superior  as  well  as 

inferior  race  in  a  Belgian  bone-cave, 

223. 
Ichthyosaurian  skin,  858. 
Metamorphism,  Hunty  176. 
Miocene  invertebrate  fossils  of  North 

America,  check  list  of,  7?!  B.  Meeky  868. 
Primordial  fossils  hi  N.  Brunswick,  866. 
Rocks,  absorbability  of  different,  Munt^ 

183. 
Upper  Missouri  region,  Meekyl57. 
Geology  of  Ulinois,  Worthen^s  Report  on, 
in  process  of  publication,  858. 

of  Kansas,  Nebraska,  &c..  Meek,  157. 

of  New  Brunswick,  notice  of  Report 
on,  856. 
OiN>$y  W.y  contributions  io  chemistry,  58. 
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Gibbs^  W.J  note  on  waye-lengths  of  Frann 

hofer'8  lines,  217. 
chemical  abstracts,  91, 215,  844. 
GilUss,  Capt  J.  M  ,  U.  8.  N.,  death  of,  285. 
Glaciers,  action  of,  J,  Biiskirv,  9a 
Gonld*s  eulogy  on  J.  8.  Hubbard,  115. 
Gravity   and   ma^etism,    relations    of, 

Chaae,  812. 
Grayy  A,,  Harvard  University  Herbarium, 

224. 
botanical  notices,  101,  224,  858. 
on  the  cedar  of  Lebanon  at  Paris,  226. 
Grisebach*s  Flora  of  the  British  W.  India 

Ids.,  notice  of,  109. 
Gun-cotton,  electrical  properties  of,  John 

tton,848. 
Gyroscope,  experiment  with,  Hoody  259. 

H 

Hairs  Graptolites,  notice  of,  224. 
BaU^  J.y  Laurentian  in  eastern  N.  York,  96. 
on  the  Nia^ra  a£:e  of  the  Gait  and 

Leclaire  limestone,  358. 
Hartt^  C.  F.^  primordial  rocks  and  fossils 

of  New  Brunswick,  8.56. 

discovery  of  fossil  insects,  857. 

Harvard  University  Herbarium,  Oray^  224. 

Heights  of  peaks  in  Sierra  Nevada,  newly 

discovered,  Whitney^  10. 
Heteroffeny,  81. 

Einricht^  /,  on  planetoloffy,  46, 184,  276. 
Hippuric  acid,  /  Maier,  208. 
mtchcock,  a  H,,  on  the  Albert  coal,  267. 
Hooker's  Handbook  of  N.  Zealand  Flora, 

notice  of:  859. 
Hubbard,  J.  8y  notice  of  eulogy  on,  115. 
Human,  see  Man, 
Bunt,  T.  S.y  absorbability  of  different 

rocks,  188. 
chemistry  of  natural  waters,  176. 
Eyatt,  A.,  on  the  Beatricese,  261. 
Hybrid  plants,  return  to  parental  forms, 

107. 
Hydrocarbons,  on  a  process  of  fhictional 

condensation  for  separating,  Warrcn,827. 


Ichthyosaurus,  skin  of,  858. 

Illinois,  buried  stems  and  branches  in,  96. 

Insect  larves,  budding  in,  110. 

Insects,  fossil,  of  New  Brunswick,  ^SSnM^- 
(itfr,857. 

Iron  ores  in  Mexico,  Manrost^^  809. 
of  Michigan,  KimbaU,  290. 

Iron,  separation  of,  from  other  bases  by 
acetate  of  sodium,  60. 

Isthmus  of  8uez,  cutting  of,  and  the  pro- 
posed cutting  of  other  isthmuses,  85. 


Jackson^  C.  71,  emery  in  Chester,  Mass.,  87. 

Joknttony  •/'.,  electiical  properties  of  py- 
roxyllne  paper  and  gun-cotton,  848. 

Journal  of  Conchology,  notice  of  Ameri- 
can, 116,  875. 

K 

Kansas,  geology  of,  Meekf  157. 

KimbdUy  J,  P.,  on  Iron  ores  of  Marquette, 

29a 
EkiQi  (7.,  explorations  in  Sierra  Nevada,  10. 


IKlrktooody  2>.,  planetair  distances,  66. 
Kirkwood^s  analogy,  Trowbridae  on,  2S. 
Krantz,  Mineral  Catalogue  of^  873. 


LAke-habitations,  Carinthian,  372. 

Larve-buddlng,  Wagner,  110,  86L 

Laurentian,  see  Geoloot. 

Lawrence  ScL  School,  contributions  from, 
5a 

gifts  to.  285,  874. 

Lea,  M,  C,  preparation  of  oxalate  of  ethyl, 
40. 

action  of  ozone  upon  insensitive  iodid 
and  bromid  of  silver,  74. 

Lesley,  J.  P,  note  on  age  of  New  Jersey 
Highlands,  221. 

Lieben,  replacement  of  hydrogen  in  ether 
by  chlorine,  ethyl  and  oxcthyl,  95. 

Light,  combustion  by  invisible  rays  ot 
Akin,  847. 

dii$persion  by  rotation  of  plane  of  po- 
larization in  quartz,  Sttfan,  847. 

ioflueDcc  of,  on  the  production  of 
proto-organisms,  81. 

combination  when  different  tints  pre- 
sented to  the  right  and  left  eye,  Eood,  254. 
phenomena  of  interference  in  pris- 
matic and  diffraction  spectra,'  St^an^219, 
wave-lengths  of  Fraunhofers  lines, 
215. 

Lime,  determination  of,  844. 

Llnneean  Society,  notice  of  Journal  of,  860. 

LippincoU,  climate  near  water,  872. 

Logan.  W.  F.,  Laurentian  in  eastern  New 
York,  96. 

Lunar  systems  of  planets,  HwrichMy  276. 

Lustre  produced  without  the  use  of  lus- 
trous Burfietces  or  of  the  stereoscope. 
Hood,  200. 

LydLC..  Address  before  the  Brit  Assoc, 
at  Bath,  on  mineral  waters  and  meta- 
morphism,  18. 
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Magellanic  premium  awarded  to  P. 

Chase,  114 
Magnetic  force  at  St.  Helena,  disturbancet 

in,  816. 
Magnetism,  relations  of  to  gp:«vity,  Cha$t^ 

terrestrial,  a  mode  of  motion,  Cfuue, 
117. 
Maier,  J.,  action  of  binoxyd  of  lead  and 
sulphuric  acid  on  hippunc  acid,  20a 

on  adulteration  with  oil  of  turpentine, 
278. 
Man,  skulls  of  a  superior  as  well  as  an  in- 
ferior race  of,  in  a  Belgian  bonoKstye, 

Manganese,  separation  of  fVom  cobalt, 
nickel  and  zinc,  Gibbs,  60. 

Manrosa,  N.  S,y  coal  and  iron  ores  in  Mex- 
ico, 809. 

Marcou.  J.,  review  of.  F,  B.  Meek,  157. 

Martius's  Flora  Brasiliensis,  notice  of,  S59L 

Mechanical  energy  of  chemical  action, 
AToZ*,  92. 

MetkyF.  R,  review  of  Marcou  on  geology 
of  Kansas,  <&c,  157. 
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JieeJL  F,  Rj  on  a  new  ff^nns  of  Crinoids, 

EilM>crinas,  ITS,  850. 
Heek's  check-list  of  Miocene  inyertebrate 

fossils,  notice  of,  368. 
Hetamorpliic  rocks  and  iron  ores  of  Micli- 

igan,  Kimbaa,  290. 
Metamorphism  thronj^h  mineral  waters, 

aLy^22;  JETt^fU,  176. 
Meteorite  of  OrjfueU,  230. 

new.  of  Arkansas,  timiihy  373. 
Heteoroids  or  shooting  stars,  Newton^  193. 
Heteorolo^cal  observations  at  Toronto, 

notice  of  work  on,  115. 
Meteorology,  association,  in  France,  for 

the  advancement  of,  83. 
Mexico,  coal  and  iron  in,  Manrosty  309. 

tin  ore  in.  Chandler,  349. 
Michigan  iron  otQtyKimbaa,  290. 
petroleum  in,  WificheU,  350. 
Microscopes,  binocular,  ToUes,,  212. 
Microscopic  objects,  notice  of  work  by 

Davies  on  mountinfi:,  <fcc.,  374. 
Mineral  oil,  see  IHroUum, 
Mineral  waters,  chemistry  of^  and  meta- 

morphism  by,  Hunt^  17o. 
see  further,  WcUert, 
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Albertite,  SUchcock,  267. 

Amber,  large  mass  of,  372. 

Brushile,  O.  E.  Moorty  43. 
/.  D.  DancL^. 

Cassiterite  in  Mexico,  849. 

Diopside,  a  (timace  product,  Brush.  182. 

Emery  in  Massachusetw,  JacJuorij  87. 

Spartaite,  Tyler.  174. 
Minerals,  sale  of  Alger's,  224. 
Minor  J  W,  C,  larve-buddlng,  110,361. 
Mohly  on  dimorphous  flowers,  104. 
Molecular  physics,  W.  A.  Norton^  237, 357. 
Moon*s  surface,  age  of,  Natmythy  112. 
Moorty  O.  E.y  on  Brushite,  4a 
Mwrchiaon  on  the  drift,  85a 


National  Academy,  notice  of  Report  of, 

elections  of  members  to,  114. 
notice  of  January  meeting,  234. 
Naturalist's  Directory,  notice  of,  374. 
Nebraska,  geology  o(  Meek,  157. 
Nebular  hypothesis,  A  Trowbridgcy  25, 113, 
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(?..Hinrfc;i«,46,184,276. 
Newtofiy  H.  A.y  on  shooting  stars,  198. 870. 

height  of  auroral  arches,  286,  37L 
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Akt.  I. — On  the  Deep  Placers  of  the  South  and  Middle  Yvha^  Ne- 
vada county^  California^  in  connection  with  the  Middle  Yvba  and 
Eureka  Lake  Canal  Companies ;  by  B.  SlLLlMAJN". 

Geographical  and  Geological  position  of  the  Gold  in  California, — 
The  gola  of  California  is  found  chiefly  on  the  western  slopes 
of  the  Sierra  Nevada  in  rocks  believed  to  be  not  older  geologi- 
cally than  the  Jurassic.  The  great  gold  region  of  the  State,  that 
area  from  which  much  the  largest  amount  of  gold  bullion 
has  been  derived,  stretches  over  about  three  degrees  of  latitude 
from  near  Fort  Miller  on  the  San  Joaquin  river  in  Fresno 
county,  north  to  Deer  Creek  and  the  Forks  of  the  Feather  river 
in  Plumas  county,  an  area  of  about  200  miles  in  length  and 
of  an  average  width  of|  about  40  miles,  although  it  widens 
toward  the  north  to  about  70  miles  from  east  to  west  Its 
approximate  area  is  probably  about  1000  square  miles.  There 
are  other  important  gold-bearing  areas,  especially  those  to  the 
north  near  the  sea  coast,  viz :  the  Waldo  or  Sailors'  diggings, 
the  Sea  Shore  diggings,  and  a  large  but  not  very  productive 
district,  bounded  on  the  north  by  the  Klamath  river,  and  south 
by  Trinity  river  and  the  forks  of  the  Sacramento  near  Shasta. 
In  the  southern  part  of  California  are  several  subordinate 
gold  fields  of  inconsiderable  area,  chiefly  in  the  Coast  range 
mountains ;  such  are  the  Santa  Cruz  diggings  near  the  coast, 
the  San  Antonio,  the  Francesquito,  San  Fernando,  San  Gabriel 
and  Holcomb  valley.  These  are  chiefly  interesting  historically 
as  having  furnished  the  earliest  evidence  of  the  existence  of 
gold  in  California,  some  of  the  southern  gold  fields  having  been 
Am.  Joub.  Soi.— Second  Sbbies,  Vol.  XL,  No.  118.— July,  18C5. 
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well  known  to  the  Spanish  missionaries  from  an  early  period, 
long  anterior  to  the  date  commonly  mentioned  (1849)  tor  tho 
first  discovery  of  gold  in  California.  Prudential  considerations 
led  these  ecclesiastics  to  prevent  as  far  as  possible  the  spread  of 
any  knowledge  respecting  the  existence  of  gold  on  or  near 
their  mission  lands. 

From  this  statement  it  will  be  observed  that  the  gold  ia 
California  is  probably  of  two  distinct  geological  ages,  that  of 
the  Sierra  Nevada  being  Jurassic  or  Triassic,  that  of  the  Coast 
range  Cretaceous  or  Tertiary. 

Purees  to  which  the  Oold  in  California  is  referable. — The  original 
source  from  whence  all  the  gold  of  California  has  been  derived 
is  undoubtedly  the  veins  of  gold-bearing  quartz  which  occur  so 
abundantly  in  all  the  slates  and  metamorphic  rocks  of  the  west- 
ern slope  of  the  Sierras  within  the  areas  known  as  the  gold  re- 
gions. But  this  original  or  great  source  of  the  precious  metal  is 
historically  secondary  to  the  shallow  and  deep  diggings  or  placers, 
in  the  former  of  which  the  gold  was  first  discovered,  and  which 
during  the  early  years  of  California  history  furnished  nearly  the 
whole  of  the  metal  sent  into  commerce.  That  the  placers  were 
derived  from  the  degradation  or  breaking  up  of  the  auriferous 
veins  and  the  distribution  of  the  detritus  tnus  formed  by  the 
agency  of  running  water  and  ice  does  not  admit  of  a  question. 
It  appears  also  to  be  pretty  conclusively  proved  that  the  gold- 
bearing  ffravel  is  of  two  distinct  epochs,  both  geologically  very 
modern,  but  the  later  period  distinctly  separated  in  time  from 
the  earlier,  and  its  materials  derived  chiefly  from  the  breaking  up 
and  redistribution  of  the  older  or  deep  placers.  These  appear 
to  be  distinctly  referable  to  a  river  system  different  from  that 
which  now  exists,  flowing  at  a  higher  level,  or  over  a  less  eleva- 
ted continental  mass,  and  with  more  power,  but  generally  in  the 
direction  of  the  main  valleys  of  the  present  system.  The  reasons 
for  this  opinion  will  be  hereafter  stated  more  at  length. 

The  sources  to  which  the  gold  in  California  is  referable  are 
therefore 

1st.  The  distribution  of  placer  gold  by  the  present  Eiver  Sys- 
tem, giving  the  *  Shallow  diggings.* 

2d.  The  distribution  of  placer  gold  by  an  ancient  Eiver  Sys- 
tem, known  as  *  Deep  diggings.' 

3d.  The  gold-bearing  quanz  veins  in  the  metamorphic  rocks 
of  the  Sierra  Nevada. 

This  is  also  the  order  in  which  the  development  of  the  coun- 
try by  human  industry  has  brought  the  gola  to  light:  the  com- 
paratively small  number  of  exceptions  to  this  genentlization  from 
the  early  workings  of  quartz  mines  forming  in  fiict  a  confirma- 
tion of  its  general  accuracy. 

The  first  rush  of  adventurers  was  to  the  shallow  placers, 
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where  the  gold,  chiefl;^  washed  out  of  the  older  placers,  was 
found  distributed,  within  reach  of  the  miners  who  had  only  a 
pick  and  shovel  or  pan.  Here  the  first  fruits  of  labor  were 
sometimes  very  ample,  and  the  capital  and  skill  employed  quite 
small.  Gradually,  as  the  gold  thus  superficially  distributed  be- 
came partly  exhausted,  streams  of  water  and  various  contriv- 
ances for  *  sluicing'  were  introduced,  involving  more  skill  and 
the  union  of  labor  with  capital. 

It  was  pretty  early  discovered  that  very  extensive  and  valu- 
able deposits  of  auriferous  gravel  lay  at  levels  far  above  the 
present  course  of  the  streams,  and  that  to  wash  these  deposits 
required  the  adoption  of  new  methods  adapted  to  meet  the  case. 
Hence  came  the  so-called  Hydraulic  process,  which,  although  in 
use  now  for  more  than  ten  years,  has  yet  made  barely  more 
than  a  commencement  upon  the  great  mass  of  deep  lying 
auriferous  shingle  which  remains  to  be  treated  by  this  method 
of  gold  washing. 

Finally  comes  the  era  of  quartz  mining  in  depth,  the  success- 
ful prosecution  of  which  demanded  more  skill  and  capital,  as 
well  as  cheaper  labor  and  better  machinery  than  the  early  days 
of  California  furnished.  In  this  man  undertakes  to  do  for  him- 
self, by  the  use  of  his  own  skill,  what  in  an  earlier  age  nature 
had  done  for  him  on  a  grand  scale  in  breaking  up  the  matrix 
of  the  precious  metal,  commencing  at  the  fountain  head  of  the 
stream  of  gold. 

I  propose  at  present  to  consider  with  some  detail  the  second 
of  the  great  sources  of  sold  production,  viz :  Deep-lying  Placers. 
The  character  of  these  deposits  is  well  illustrated  by  a  descrip- 
tion of  the  ground  between  the  south  and  middle  forks  of  the 
Yuba  River,  in  Nevada  county,  where  this  description  of  gold 
deposit  is  well  exposed  in  consequence  of  the  considerable 
amount  of  mining  work  which  has  been  performed  there,  the 
whole  of  this  ground  being  controlled  by  the  waters  of  the 
Middle  Yuba  Canal  Company,  and  of  the  Eureka  Lake  Water 
Company. 

The  Deep  Placers  of  the  Yuba. — The  Yuba  is  an  affluent  of  the 
Feather  river,  which  it  joins  at  Marysville  on  its  way  to  its  junc- 
tion with  the  Sacramento.  The  South  and  Middle  forks  of  the 
Yuba  river  unite  with  the  North  Yuba,  the  course  of  which  is 
nearly  at  right  angles  to  these  two  branches,  whose  mean  course 
is  west  about  18®  south  (magnetic),  the  Feather  river  running 
about  north  and  south. 

The  ridge  of  land  embraced  between  the  South  and  Middle 
forks  of  the  Yuba  is  from  six  to  eight  miles  in  width,  and  to  the 
limits  of  the  auriferous  gravel,  as  thus  far  explored,  about  80 
miles,  forming  an  area  of  about  200  square  miles.  The  elevation 
of  this  ridge  above  the  «ea  is,  at  its  western  extremity  near  French 
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Corral,  about  1500  feet,  from  whence  it  gradually  rises  into  the 
high  Sierras,  the  Yuba  Gap  Pass  being  4570  feet  above  the  sea, 
and  the  Downieville  Buttes  about  8840  feet.  This  Mesopotamia 
is  cut  up  by  ravines  descending  from  a  central  axis  both  ways 
into  the  valleys  of  the  two  rivers  forming  'gulches'  with  steep 
sides,  often  beautifuUv  wooded.  The  more  elevated  portions  of 
the  land  are  covered  by  a  heavy  bed  of  volcanic  ashes  and 
breccia,  which  evidently  at  an  earlier  day  formed  a  continuous 
sheet  over  not  only  the  tongue  of  land  under  consideration,  but 
over  the  adjacent  region,  as  is  conspicuously  seen  in  the  sections 
afforded  by  the  various  rivers.  This  mass  of  volcanic  ashes  con- 
tains numerous  angular  fragments  of  cellular  lava,  trachyte, 
basalt,  porphyry  and  volcanic  mineral  aggregates,  quite  foreign 
to  the  general  geology  of  the  country.  Its  thickness  varies  with 
the  topography  and  drainage  of  the  surface,  but  it  forms  the 
summits  of  all  the  hills  above  a  certain  horizon,  and  in  places 
reaches  an  elevation  of  from  2000  to  3000  feet  above  the  level 
of  the  rivers.  Below  Columbia  the  denudation  of  the  surface 
has  removed  the  volcanic  matter,  leaving  the  auriferous  gravel 
exposed  as  the  upper  surface.  This  volcanic  deposit  receives 
from  the  miners  the  general  name  of  *  cement,'  a  term  it  well 
deserves  from  its  compact  and  tenacious  character,  much  re- 
sembling pozzuolana  or  Boman  cement.  The  accompanying  sec- 
tion was  made  by  Mr.  Hugo  Hochholzer  to  accompany  his  map 
of  the  rid^e,  and  represents  the  line  drawn  from  the  Fellows 
Quartz  Lode,  on  the  Middle  Yuba,  southeast  through  Snow  Point 
and  Mount  Zion,  to  the  South  Yuba. 


This  section  represents  a  point  above  most  of  the  deep  dig- 
gings, the  gravel  on  this  portion  of  the  ridge  being  generally 
covered  by  the  volcanic  cement,  so  as  to  be  inaccessible  by  the 
process  of  hydraulic  working,  and  available  at  a  later  day  only 
by  deep  mining. 

It  shows  the  ravines  of  the  two  branches  of  the  Yuba  at  / 
(middle)  and  g  (south),  the  '  bed  rock '  a,  the  auriferous  gravel 
k,  and  the  volcanic  cement  c  covering  all.  The  Snow-Point 
Diggings  are  seen  at  d,  and  the  position  of  two  of  the  water- 
ditches  at  e. 

The  auriferous  gravel  varies  in  thickness  from  80  or  100  feet, 
where  it  has  been  exposed  to  denudation,  to  250  feet  or  more, 
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wbere  it  is  protected  from  such  action.  Probably  120  feet  is 
not  an  over-statement  for  its  average  thickness  in  the  marginal 
portions,  wbere  it  has  been  exposed  by  working  the  deep  dig- 
gings or  hydraulic  claims.  This  vast  gravel  bed  is  composed 
of  rounded  masses  of  quartz,  greenstone,  and  all  the  metamor- 
phic  rocks  which  are  found  in  the  high  Sierras. 

It  is  often  locally  stratified,  but  I  could  find  no  evidence  of 
any  continuity  in  its  beddings.  The  lower  portions  are  com- 
posed of  larger  boulders  than  the  upper,  as  a  general  rule,  but 
this  does  not  exclude  the  occasional  presence  of  huge  boulders 
in  the  central  and  upper  portions.  In  a  fresh  fracture  of  the 
whole  thickness  of  these  deposits,  such  as  may  be  seen  daily  in 
the  'claims,'  which  are  being  actively  worked,  a  striking  con-  . 
trast  of  color  is  seen  between  the  lower  and  upper  portions  of 
the  gravel  mass,  consequent  on  the  percolation  of  atmospheric 
waters  and  air,  oxydizing  the  iron  resulting  from  the  decompo- 
sition of  pyrites,  and  staining  the  gravel  of  a  liveljr  red  and 
yellow  color  in  waving  lines  and  bands,  contrastmg  boldly 
with  the  blue  color  of  the  unoxydized  portions.  A  close  exam- 
ination  of  the  blue-colored  portion  of  the  gravel  shows  it  to  be 
highly  impregnated  with  suiphuret  of  iron,  forming,  in  fact,  the 
chief  cementing  material  which  holds  the  pebbles  in  a  mass  as 
firm  as  conglomerate,  requiring  the  force  of  gunpowder  to  break 
it  up. 

In  the  upper  portions  of  these  beds  are  frequent  isolated 
patches,  often  of  considerable  extent,  composed  of  fine  sand, 
clearly  showing  water  lines,  curved,  sloping  or  horizontal,  but 
never  for  any  distance  regular,  and  in  these  portions  occur 
frequently  large  quantities  of  lignite,  or  fossil  wood,  little 
changed  from  its  original  condition,  but  blackened  to  the  color 
of  coal  and  flat  with  pressure.  Among  these  remains  are  logs 
similar  in  appearance  to  the  Manzanita,  now  growing  abun- 
dantly  on  the  hills  of  auriferous  gravel.  Some  of  these,  which 
I  measured,  were  fifteen  to  eighteen  inches  in  diameter  and  ten 
to  fifteen  feet  in  length.  Occasionally  the  mass  of  this  ancient 
driftwood  accumulated  in  these  eddies  of  the  current,  where 
they  were  deposited  with  the  fine  sands,  amount  almost  to  a 
continuous  bed  of  lignite. 

Wedge-shaped  and  lenticular  masses  of  tough  yellow  and 
whitish  clay  also  occur  in  the  ancient  drift,  replacing  the  gravel 
and  affording,  bv  their  resisting  power,  a  great  impediment  to 
the  operations  of  mining. 

The  '  slacking  down '  or  disintegration  which  a  few  months 
exposure  of  the  hard  gravel  *  cement'  produces,  is  due  mainly, 
if  not  entirely,  to  the  decotaposition  of  the  associated  pyrites 
before  noted.  It  is  remarkable  how  large  a  part  of  the 
smoothed  and  beautifully  rounded  stones,  even  those  of  large 
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size,  undergo  a  similar  slacking  by  atmospheric  action,  even  in 
a  very  brief  period  of  time,  rendering  it  almost  impossible  to 
preserve  specimens  of  the  gravelly  concrete  unless  they  are  pro- 
tected by  varnish.  The  most  unyielding  of  the  *  cement'  masses 
are  sometimes  left  over  one  season  by  the  miners,  exposed  to  the 
air  and  frost,  to  secure  the  benefits  of  this  disintegration,  without 
which  but  little  of  the  contained  gold  can  be  obtained. 

The  gold  is  disseminated  throughout  the  entire  mass  of  this 
great  gravel  deposit,  not  uniformly  in  value,  but  always  in 
greater  quantity  near  its  base  or  on  the  bed  rock.  The  upper 
half  of  the  deposit  is  found  to  be  always  le^  in  value  than  the 
lower  part,  sometimes  so  poor  that  it  would  be  unprofitable 
.  working  by  itself,  but  inasmuch  as  there  is  no  practicable  mode 
of  working  the  under  stratum  without  first  moving  the  upper 
portion,  in  practice  the  whole  is  worked. 

The  gold  rarely  occurs  in  large  masses  in  this  ancient  gravel. 
Often  on  the  polished  and  very  smooth  surfaces  of  the  *  bed 
rock'  and  of  the  superincumbent  masses  of  gravel  when  freshly 
raised  from  their  long  resting  place,  the  scales  of  brilliant 
yellow  metal  are  beautifully  conspicuous.  These  are  frequently 
inlaid  so  firmly  upon  the  hard  granite  floor  of  the  ancient  river 
or  glacier  as  to  resemble  hard  stone  mosaics.  In  fact  the  whole 
surface  of  the  bed  rock  requires  to  be  worked  over  by  the  pick 
to  secure  the  gold  entangled  in  its  surface,  to  a  depth,  when 
soft,  (as  of  mica  or  chloritic  slate  or  gneiss,)  of  several  inches. 

The  method  of  extracting  the  gold  from  these  deposits  by 
hydraulic  process  is  described  under  a  subsequent  head. 

The  Bed  Bock,  as  it  is  significantly  termed  by  the  miners, 
shows  everywhere  when  freshly  exposed  the  most  conspicuous 
evidence  of  aqueous  or  glacial  action.  The  course  and  direction 
of  the  motion  which  has  left  its  traces  everywhere  is  plainly 
discernable.  Nothing  would  so  satisfactorily  convey  a  correct 
idea  of  the  remarkable  features  of  this  ancient  floor,  moulded 
and  rounded  by  water  or  ice,  as  a  series  of  good  stereoscopic 
photographs  such  as  I  hope  to  secure  the  present  season  through 
the  kind  assistance  of  Mr.  C.  F.  Watkins,  of  San  Francisco,  so 
well  known  for  his  admirable  California  views.  The  "bed  rock" 
varies  of  course  in  dilFerent  portions  of  the  area  now  under  con- 
sideration, being  either  granite,  gneiss,  greenstone  or  shale.  In 
the  granite  are  observed  numerous  minute  quartz  veins  pursuing 
a  course  parallel  to  each  other  often  for  hundreds  of  feet  without, 
interruption. 

In  the  *  American  Claim,'  at  San  Juan,  the  granite  is  suc- 
ceeded on  the. west  by  a  large  jointed  blue  siliceous  shale,  of  the 
same  strike  with  the  main  joints  of  the  granite.  This  latter 
rock  is  covered  by  numerous  very  large  boulders  of  meta- 
inorj)hic  conglomerate,  of  which  no  traces  are  seen  in  place. 
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The  course  of  the  ancient  current  where  I  had  an  opportunity 
of  measuring  it,  appears  to  have  been  about  20°-25'^  west  of 
north,  (magnetic,)  which  it  will  be  observed  is  nearly  at  right 
angles  to  the  mean  course  of  the  middle  and  south  forks  of  the 
Yuba;  but  it  is  not  far  from  parallel  with  the  axis  of  the  Sac- 
ramento river  valley,  or  of  the  great  valley  between  the  Coast 
Range  and  the  Sierra  Nevada.  I  have  noted  the  same  general 
direction  of  the  scratches  elsewhere  in  the  great  gold  region,  but 
additional  observations  are  required  to  justify  any  comprehen- 
sive generalization.  This  much  appears  clearly  shown,  however, 
by  the  present  state  of  our  knowledge  on  this  subject,  viz:  that 
the  spread  of  the  ancient  gold-bearing  gravel  was  produced  by 
a  cause  greatly  more  elevated  than  the  existing  river  system, 
or,  which  is  more  probable,  at  a  time  when  the  continent  was 
less  elevated  than  at  present,*  and  moving  in  a  direction  con- 
formable to  the  course  of  the  valleys  of  the  Sacramento  and  San 
Joaquim.  We  find  it  impossible  to  admit  the  existing  river- 
system  as  a  cause  adequate  to  the  spreading  of  such  vast  masses 
•of  rounded  materials;  the  facts  plainly  point  to  a  much  greater 
volume  of  water  than  any  now  flowing  in  the  valley.  The  sec- 
tion already  given  illustrates  perfectly  the  relations  of  the  pres- 
ent river-system  to  the  more  ancient  one  whose  grand  eff'ects  are 
chronicled  in  the  bed  rock  and  its  vast  superincumbent  mass  of 
auriferous  gravel.  It  serves  also  to  illustrate  the  process  now 
still  in  progress,  by  which  the  existing  river  system  derived 
its  gold-bearing  sands,  in  great  part  at  least,  from  the  cutting 
away  and  secondary  distribution  of  these  ancient  placers. 

Those  who  have  had  the  opportunity  of  visiting  other  por- 
tions of  the  great  gold  region  of  California  than  that  now 
under  consideration  will  at  once  recognize  the  local  characters 
of  the  details  given  as  perfectly  consistent  with  the  general 
phenomena  of  the  ancient  placers  as  observed  elsewhere ;  while 
at  the  same  time  great  differences  are  found  in  many  of  the 
details.  Thus  in  Calaveras  and  Tuolumne  counties,  80  or  100 
miles  farther  south,  the  volcanic  matter  capping  the  auriferous 
gravel  is  found  in  the  form  of  basaltic  columns,  beneath  which 
recur  the  same  phenomena  already  described.  Here  the  wood 
contained  in  the  gravel  beds  is  beautifully  agatised,  or  con- 
verted into  semi-opal,  as  is  the  case  also  at  Nevada  City,  Placer- 
ville,  and  elsewhere,  associated  with  beautiful  impressions  of 
leaves  of  plants  and  trees  similar  in  appearance  to  those  now 
found  in  this  region. 

'  It  18  the  opinion  of  geologiets  that  the  birger  part  of  the  erosion  excayatiug  the 
valleys  of  the  continents  took  place  after  the  Tertiary  period.  It  was  probably 
during  this  same  time  that  the  deep-lying  auriferous  gravel  was  produced  from  the 
degradation  of  the  metamorphic  scnists  and  quartz  veins  of  the  Sierras  by  the  joint 
action  of  water  and  of  glaciers. 
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This  general  description  of  the  deep-lying  placers  of  the  Yuba 
might  be  greatly  extended  from  my  notes,  but  enough  has 
probably  been  said  to  convey  the  impression  that  the  phenom- 
ena here  described  are  on  a  grand  and  comprehensive  scale,  and 
referrable  to  a  general  cause  long  anterior  in  date  to  the  exist- 
ing river-system ;  a  cause  which  has  been  sufficient  to.  break 
down  and  transport  the  gold-bearing  veins  of  the  Sierras,  with 
their  associated  metamorphic  rocks,  thus  laying  up  in  store  for 
human  use  deposits  of  the  precious  metal  in  amount,  on  a  scale 
far  beyond  the  notions  generally  prevailing  of  the  nature  of 
placer  deposits. 

Quantity  of  Gold  in  the  Deep  Placers  of  the  Tuba. — The  exten- 
sive mining  operations  which,  since  1852,  have  been  carried  on 
upon  the  ridge  of  land  between  the  South  and  Middle  Yuba  riv- 
ers, have  supplied  the  data  requisite  for  a  pretty  accurate  estimate 
of  the  average  value  of  gold  actually  saved  in  mining  and  wash- 
ing a  given  quantity  of  auriferous  gravel.  Without  making  an 
exact  survey  of  the  ground,  it  would  be  impossible  to  give  a 
precise  statement  of  the  total  quantity  of  gravel  which  has  been  • 
washed  away,  much  less  of  what  yet  remains  to  be  washed. 
Fortunately,  Mr.  George  Black,  a  skillful  English  engineer  long 
resident  in  California,  has  twice  made  a  reconnoissance  of  the 
ground  now  under  consideration,  and  his  Eeport,*  privately 
printed,  has  been  placed  at  my  disposal.  I  shall  use  its  data 
with  freedom  so  far  as  they  are  required  to  confirm  or  extend 
my  own  observations. 

The  mining  ground  in  this  area  stretches  along  both  margins 
of  the  delta  from  French  Corral,  a  place  near  its  western  ex- 
tremity, in  a  line  pretty  closely  parallel  to  the  Middle  Yuba, 
skirted  by  the  claims  known  as  Birchville,  Sweetland's,  Sebas- 
topool,  the  Eureka  claims  (at  North  San  Juan),  Badger's  Hill, 
through  Grizzly  Gulch  to  Woolsey's  Flat,  Moore's  Flat,  Orleans 
Flat,  and  Snow  Point  to  Eureka,  and  thence  crossing  to  the 
South  Yuba  slopes ;  it  includes  Mt.  Zion,  Belief  Hill,  Bloomfield, 
Lake  City,  Grizzly  Hill,  Columbia,  Pleasant  Hill,  and  Monte- 
zuma, the  entire  circuit  being  over  sixty  miles. 

But  I  was  fully  convinced  from  my  own  examinations  of  this 
ground,  in  November  of  last  year,  that  but  a  very  small  part  of 
the  mining  ground  available  for  early  development  and  auite 
within  easy  control  of  the  existing  flow  of  water  furnishea  by 
the  Middle  Yuba  Canal  Co.  and  the  Eureka  Lake  Co.  has  been 
taken  up,  much  less  opened  for  work.  Mr.  Black  estimates  the 
length  of  the  mining  claims  at  present  supplied  with  water  by 
the  Middle  Yuba  Canal  Co.  at  five  miles,  with  an  average  width 
of  three  hundred  and  fifty  yards,  and  an  average  depth  of  forty 

*  Report  on  the  Middle  Yuba  Canal  and  Eureka  Lake  Canal,  Nevada  Co.,  Cali- 
fornia.   By  Gbobox  Black,  Civil  Engineer.    San  Francisco.     1864.    pp.  82. 
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yarda,  making  a  quantity  of  one  hundred  and  twenty-three 
millions  of  cubic  yards  of  auriferous  gravel.  He  also  estimates 
that  eight  per  cent  of  this  quantity  has  been  worked  away  in  the 
past  twelve  years,  leaving  one  hundred  and  thirteen  millions  of 
cubic  yards  which  remain  for  future  operations.  At  an  average 
of  thirty-four  cents  of  gold  to  the  cubic  yard  (the  average  in 
the  Yuba  region  appears  to  be  from  thirty  cents  to  forty-five 
cents  per  cubic  yard,  saved  in  the  hydraulic  process),  the  vol- 
ume of  auriferous  gravel  here  estimated  would  yield  over  thirty- 
eight  millions  of  dollars.  But  the  total  area  of  the  various 
places  where  gravel  deposits  have  been  worked  on  this  ridge  is 
estimated  by  Mr.  BlacK  as  equal' to  fifteen  square  miles,  all  of 
which,  and  much  more,  is  controlled  by  the  water  of  the  Eu- 
reka Lake  Co.,  or  of  the  Middle  Yuba  Canal.  If  this  area  is  esti- 
mated at  an  average  of  forty  vards  in  depth  (it  varies  from 
eighty  to  two  hundred  and  two  hundred  and  fifty  feet  in  depth), 
we  shall  have  one  thousand  eight  hundred  fifteen  million  nine 
hundred  and  thirty-six  thousand  cubic  yards  of  gravel,  and  if 
this  be  estimated  to  yield  only  thirty  cents  per  yard,  we  reach 
the  grand  aggregate  of  five  hundred  and  forty-four  million  six 
hundred  and  ten  thousand  dollars  as  its  probable  yield  in  gold. 

The  average  cost  of  the  water  required  to  wash  away  one 
cubic  yard  of  gravel  has  heretofore  been  seven  and  a  half  cents: 
but  if  its  price  is  reduced  to  six  and  a  quarter  cents  (=16§-  cents 
for  one  miner's  inch  of  water)  for  each  cubic  yard,  the  cost  of 
the  water  to  perform  this  work  will  be  nearly  one  hundred  and 
twenty  millions  of  dollars  ($119,316,320).  It  is  easy  to  see 
from  these  statements  that  the  amount  of  gold  contained  in  the 
deep  placers  of  the  Yuba  alone  is  probably  greater  than  the 
aggregate  of  all  the  gold  yet  exported  from  the  whole  Pacific 
coast,  which  (including  silver)  amounted  on  the  first  of  Janu- 
ary, 1865,  to  $695,944,786.'  Mr.  Black's  estimate  of  the  area 
of  mining  ground  applies  only  to  certain  marginal  parts  of 
the  Yuba  district  which  are  not  covered  by  the  volcanic  tufa. 
I  saw  beyond  these  limits  a  vast  amount  of  valuable  mining 
ground  in  this  area,  all  under  control  of  the  existing  water- 
flow  of  the  Eureka  Lake  Company.  There  is  little  doubt, 
that  at  a  future  time  a  considerable  portion  of  the  ground 
covered  by  volcanic  ash  beds  will  be  made  to  yield  its  pre- 
cious deposit  in  a  day  of  cheaper  labor,  and  with  improved 
methods  of  mining.  At  Forrest  City,  Minnesota,  and  Alleghany 
town,  situated  on  the  north  bank  of  the  Middle  Yuba,  immedi- 
ately opposite  Snow  Point,  the  volcanic  ash  bed  covers  the 
'great  Blue  Lead'  (part  of  the  ancient  auriferous  gravel,)  where 
it  has  yielded  almost  fabulous  wealth  to  the  explorers.    The 

•  Mercaoiile  Gassette  for  January  12, 1866. 
Am.  Joub.  Scl— Seooitd  Serim,  Vol.  XL,  No.  118.--July,  1865. 
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*  Live  Yankee  Claim/  for  example,  at  Forrest  City,  is  reported 
to  have  paid  its  owners  over  three  millions  of  dollars.  The 
south  side  of  the  Middle  Yuba  yet  remains  to  be  explored  for 
the  continuation  of  this  streak  of  *  rich  pay '  which  points  nearly 
in  the  direction  of  the  section  given  in  this  Report. 

It  will  be  observed  that  these  estimates  apply  only  to  the 
value  of  gold  actually  saved.  That  this  amount  is  small  com- 
pared with  the  total  contents  of  the  placers,  will  appear  when 
we  come  to  describe  the  method  by  which  it  is  saved,  and  see 
how  crude  that  process  yet  is.  What  goes  down  the  ravines 
from  the  washing  is  not  all  lost,  as  it  is  partially  washed  again 
in  the  rivers  below  by  the  Chinese  and  others,  but  there  are  no 
data  for  determining  how  much  is  thus  saved.  No  account  is 
taken  in  this  connection  of  those  extremely  rich  deep  placers, 
which,  like  the  workings  at  Forrest  City,  &o.,  just  named,  and 
other  localities,  yield  gravel  so  rich  in  gold  that  the  whole 
mass  is  often  worked  in  a  crushing  mill. 

Process  of  Hydraulic  Minmg. — With  the  more  or  less  complete 
exhaustion  of  the  shallow  placers  in  the  ravines  and  river  oeds 
in  California,  where  the  gold  was  first  obtained  with  little  labor 
and  by  the  most  simple  means,  came  the  necessity  of  devising  a 
system  by  which  the  deep  placers,  like  these  under  consideration, 
could  be  economically  worked.  The  accomplishing  of  this  ob- 
ject demanded  the  use  of  a  large  amount  of  capital,  to  be  expen- 
ded in  the  construction  of  canals  and  aqueducts  to  convey  water 
from  the  mountains  and  fountain  heads  of  the  streams,  at  a  suit- 
able elevation  and  in  sufficient  quantity  to  command  the  ground 
to  be  worked,  as  well  also  as  for  the  opening  of  tunnels  and 
shafts  in  the  '  bed  rock,'  for  the  discharge  of  the  gravel,  an  ope- 
ration requiring  much  labor  and  skill,  and  consuming  ofl»n  sev- 
eral years  in  their  prosecution. 

The  association  of  labor  and  capital  thus  demanded,  called 
into  existence  in  various  parts  of  the  State,  Canal  and  Ditch 
companies,  the  associates  being  generally  miners,  whose  lim- 
ited finances  were  eked  out  by  borrowing  money  from  bank- 
ers, at  rates  of  interest  ranging  from  three  to  five  per  centum 
monthly.  The  Middle  Yuba  Canal  Company  was  thus  organ- 
ized in  1853,  and  the  construction  of  ita  hydraulic  works 
commenced,  the  water  being  brought  from  a  point  on  the 
Middle  Yuba  river  just  below  Woolsey's  Flat,  where  the  stream 
was  dammed,  with  a  total  cost,  including  the  various  branch 
ditches,  reservoirs  and  extensions,  to  June  1858,  of  $397,171.91, 
(since  then  increased  to  about  $600,000)  and  with  a  safe  capacity 
of  thirty-eight  cubic  feet  of  water  per  second,  which  can  easily 
be  increased  by  inexpensive  improvements  to  sixty  cubic  feet 
per  second.    The  first  named  quantity  is  equal  to  1500  inches 
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miner's  measurement,  the  second  to  2280  miner's  inches.*  The 
Eureka  Lake  Water  Company's  works,  commenced  in  1858,  have 
cost  about  one  million  of  dollars. 

Experience  has  demonstrated  that  the  larger  the  volume  of 
water  employed  in  the  process  of  washing,  the  more  the  efficiency 
and  greater  the  economy  of  the  operation.  The  proper  applica- 
tion of  the  great  mechanical  force  furnished  by  large  volumes  of 
water  under  a  great  pressure  was  a  problem  solved  satisfactorily 
only  after  many  abortive  trials  and  large  experience.  This  prob- 
lem involves  the  following  conditions. 

1st,  The  whole  mass  of  auriferous  gravel  must  be  moved, 
whatever  its  depth,  quite  down  to  the  *  bed  rock.' 

2d,  This  must  be  accomplished  by  the  action  of  water  alone, 
human  labor  being  confined  to  the  application  of  the  water, 
and  the  preliminary  preparations  it  involves,  the  amount  of 
materiai  to  be  moved  and  disposed  of  in  every  day  of  ten  hours 
being  from  1500  to  3000  cubic  jrards  for  each  first  class  opera- 
tion, involving  the  use  of  400  inches  of  water. 

8d,  The  mechanical  disintegration  of  the  compact  conglome- 
rate as  a  part  of  the  uninterrupted  operation  of  the  whole  system. 

4th,  The  contemporaneous  saving  of  the  gold,  without  inter- 
rupting the  continued  flow  of  the  water. 

5th,  The  disposal  of  the  accumulations  resulting  from  the 
removal  of  such  vast  masses  of  auriferous  gravel. 

These  conditions  are  in  practice  met  by  the  following  steps. 
The  mining  ground  being  selected,  a  tunnel  is  projected  from 
the  nearest  and  most  convenient  ravine,  so  that  starting  in 
the  *bed  rock'  on  the  face  of  the  ravine,  it  shall  approach  the 
center  of  the  gravel  mass  to  be  moved  at  a  gradient  of  about  one 
in  twelve  to  one  in  twenty.  The  dimensions  of  this  tunnel  are 
usually  six  feet  in  width  by  seven  feet  in  height,  sometimes 
wider;  and  where  possible,  it  is  carried  on  a  line  of  contact  be- 
tween the  granite  and  the  shales,  for  the  greater  ease  of  excava- 
tion.    These  tunnels  vary  in  length  from  a  few  hundred  feet  to 

*  The  mioer^s  inch  of  water,  in  California  is  that  quantity  of  water  which  will 
pass  through  an  opening  of  one  square  inch  area  under  a  mean  pressure  m  head  of 
six  inches.  In  practice  the  water  from  the  canal  U  conducted  into  a  measuring 
box  (see  the  accompanying  map  for  a  figure  of  this  box)  twelve  or  fourteen 
faet  square,  in  the  sides  of  which  openings  are  made  two  inches  in  heiffht» 
and  extending  across  three  of  the  sides.  These  openings  are  closed  by  slide 
valves  when  not  in  use.  The  sectional  area  throu^rh  which  the  water  flows  deter- 
ocilnes  of  course  the  volume  by  measurement  Thus  twenty  inches  in  length  of 
slit  by  two  inches  in  depth,  under  a  head  of  six  inches,  is  called  forty  inches  miner's 
measurement.  A  cubic  foot  (=7*49  IT.  S.  gallons)  equals  88  miner's  inches. 
The  water  discharged  by  one  miner's  incli  in  24  hours  is  equal  to  2,274  cubic  feet, 
or  for  one  working  day  ctf  ten  hours,  1,098  cubic  feet.  The  average  consumption  of 
water  on  each  mining  claim  in  active  work  is  equal  to  three  hundred  miner's  inches. 
This  quantity  of  water  flowing  ten  hours  is  equal  to  829,400  cubic  feet  or  2,470.600 
United  States  gallons,  a  greater  quantity  than  is  required  for  the  supply  of  tlie  city 
of  San  Francisco  wiffa  a  population  of  over  one  hundred  thousand  people. — Black, 
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several  thousand  feet,  some  of  the  longer  consuming  from  two 
to  four  or  five  years  in  driving,  at  a  cost  of  firom  $10  to  $60  per 
foot,  varying  with  the  character  of  the  rock  to  be  excavated. 
The  end  of  the  tunnel  is  designed  to  be  from  fifty  to  one  hun- 
dred or  more  feet  beneath  the  under  surface  of  the  gravel  at  a 
point  where  a  shaft  is  sunk  through  the  gravel  and  '  bed  rock' 
until  it  intersects  the  tunnel.  It  obviously  demands  careful  en- 
gineering to  carry  out  works  of  such  magnitude  with  the  accu- 
racy required,  and  for  the  want  of  sufficient  care  or  skill  in  this 
particular,  years  of  costly  labor  and  anxious  expectation  were 
sometimes  wasted  in  the  earlj  history  of  these  enterprises. 

The  object  of  this  laborious  exploration  is  obvious.  The 
long  tunnel  becomes  a  sluice-way  through  the  whole  length  of 
which  *  sluice  boxes '  are  laid,  at  once  to  direct  the  stream  and 
save  the  gold.    For  this  puroose  a  trough  of  strong  planks  is 

E laced  in  the  tunnel  two  ana  a  half  feet  wide  and  with  sides 
igh  enough  above  the  pavement  to  control  the  stream.  The 
pavement  is  usually  composed  of  blocks  of  wood  six  inches  in 
thickness  and  as  wide  as  the  sluice,  cut  across  the  grain  of  the 
wood.  These  are  placed  about  two  inches  apart  at  the  ends 
and  held  in  position  by  elects  of  two  inches  square.  In  the 
interstices  ('rifles*)  of  two  inches  by  four  thus  left,  a  small 
portion  of  quicksilver  is  placed,  to  aid  in  catching  the  gold 
which  finds  its  way  into  these  hollow  spaces. 

The  vertical  shaft  is  intended  to  furnish  a  fall  of  sufficient 
height  to  break  up  the  harder  masses  of  conglomerate  and 
cement  as  the  gravelly  stream  is  precipitated,  dashing  from  side 
to  side  of  the  shaft,  and  finally  with  great  force  upon  its  rocky 
bottom. 

The  water  from  the  canal  is  brought  by  side  flumes  or  aque- 
ducts to  the  head  of'the  mining  ground,  with  an  elevation  of 
one  hundred  to  two  hundred  feet  above  the  bed  rock,  and  it  is 
conveyed  into  the  bottom  of  the  mining  claims  by  iron  pipes 
sustained  on  a  strong  incline  of  timbers.  These  pipes  are  of 
sheet  iron,  of  adequate  streBgth,  rivetted  at  the  joints,  and  meas- 
ure from  twelve  to  eighteen  inches  in  diameter.  These  commu- 
nicate at  the  bottom  with  a  strong  prismatic  box  of  cast  iron, 
in  the  top  and  sides  of  which  are  openings  for  the  adaptation  of 
flexible  pipes,  made  of  a  very  strong  fabric  of  canvass,  termin- 
ating in  nozzles  of  metal  of  two  ana  a  half  to  three  inches  in 
diameter.  From  these  nozzles  the  st«*eams  are  directed  against 
the  face  of  the  gravel  to  be  washed,  with  a  force  comparable  to  that 
of  ordnance.  The  volume  of  water  employed  varies,  of  course, 
with  the  work  to  be  done ;  but  it  is  not  uncommon  to  see  four 
or  five  such  streams,  each  conveying  two  hundred  inches  of 
water,  acting  simultaneously  on  the  face  of  the  same  bank. 
One  thousand  miner's  inches  are  eqtial  to  twenty-six  and  a 
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third  cubic  feet  of  water,  weighing  1632  pounds,  constantly 
discharged  against  the  face  of  the  bank  under  a  pressure  of 
ninety  to  two  hundred  pounds  to  the  square  inch,  varying  with 
the  height  of  the  column.  Under  the  continuous  action  of  this 
enormous  mechanical  force,  aided  by  the  softening  power  of  the 
water,  large  sections  of  the  gravelly  mass  come  crashing  down 
with  great  violence.  The  debris,  speedily  dissolving  and  disap- 
pearing under  the  resistless  force  of  the  torrent  of  water,  is  hur- 
ried forward  to  the  mouth  of  the  shaft,  down  which  it  is  precipi- 
tated with  the  whole  volume  of  turbid  water.  Boulders  of  one 
hundred  to  two  hundred  pounds  in  weight  are  shot  forward  by 
this  impetuous  stream,  accompanied  by  masses  of  the  harder 
cement,  which  meet  in  the  fall  down  the  shaft  and  in  the  con- 
cussion of  the  great  boulders,  the  crushing  agencies  required  to 
disintegrate  them. 

The  heavy  banks  of  80  feet  and  upwards  are  usually  worked 
in  two  benches.  The  upper  half  is  never  so  rich  as  the  lower, 
and  being  also  much  less  firm  is  worked  away  with  greater 
rapidity.  The  lower  section  is  much  the  most  compact,  the 
stratum  on  the  *bed  rock'  being  strongly  cemented  by  sul- 
phuret  of  iron  and  great  pressure,  resists  even  the  full  force  of 
the  water  stream  until  it  has  been  loosened  by  gunpowder.  For 
this  purpose  adits  are  driven  in  on  the  *bed  rock  ^  forty  or  fifty 
feet  from  the  face  of  the  bank,  and  a  tunnel  extended  at  right 
angles  therefrom  to  some  distance  each  side  of  the  adit.  In 
this  tunnel  a  large  quantity  of  gunpowder  is  placed,  from  fifty 
to  two  hundred  kegs,  and  fired  as  one  blast  by  a  train  laid  from 
without.  In  this  manner,  the  compact  conglomerate  is  broken 
up,  and  the  water  then  rapidly  completes  the  work. 

Sometimes  the  system  of  tunnels  on  the  bed  rock  is  extended 
much  as  in  a  coal  mi^ie,  by  cross  alleys  leaving  blocks,  which 
are  then  washed  away,  when  the  whole  mass  settles  and  disin- 
tegrates easily  under  the  influence  of  the  water. 

The  tunnels  in  the  bed  rock  already  described  are  made 
double,  for  the  convenience  of  'cleaning  up'  one  of  them  while 
the  other  is  in  action.  The  process  of  cleaning  up  is  perform^ 
every  ten  or  twenty  days,  according  to  the  size  and  richness  of 
the  work,  and  consists  in  removing  the  entire  pavement  of 
blocks  from  the  bed  of  the  sluice,  and  removing  all  the  am^- 
gam  of  gold  and  *rich  dirt'  collected  in  the  *  rifles,'  and  re- 
placing the  blocks  in  the  same  way  as  at  first;  advantage  is 
taken  of  this  occasion  to  reverse  the  position  of  the  blocks  when 
they  are  worn  irregularly,  and  to  substitute  new  ones  for  those 
which  are  worn  through.  The  mechanical  action  of  the  washing 
process  on  the  blocks  is  of  course  very  rapid  and  severe,  so  as 
to  conmiand  a  complete  renewal  of  them  once  in  eight  or  ten 
weeks.    Some  miners  prefer  a  pavement  of  egg-shaped  stones 
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set  like  a  cobble-stone  pavement,  the  gold  being  deposited  in 
the  interstices.  Most  of  the  sluices  are  however  paved  with 
rectangular  wooden  blocks  as  described. 

Standing  at  the  mouth  of  one  of  these  long  bed  rock  tunnels 
in  full  action,  one  unaccustomed  to  the  process  is  filled  with  a 
sense  of  amazement  amounting  almost  to  terror,  as  the  muddy 
mass  sweeps  with  great  velocity  onward,  bearing  in  its  course 
great  boulders  which  add  to  the  roar  of  the  water,  the  whole 
being  precipitated  down  a  series  of  falls,  at  each  of  which  it 
is  caught  up  again  by  new  sluices  of  timber  lined  like  the  first 
one,  and  so  onward  and  downward  many  hundreds  of  feet,  until 
the  level  of  the  river  is  reached  at  the  distance  perhaps  of  half 
a  mile  or  more  from  the  mouth  of  the  first  tunnel.  At  each  of 
these  new  falls  of  twenty-five  or  fifty  feet,  the  process  of  com- 
minution begun  in  the  first  shaft  is  carried  forward  and  a  new 
portion  of  gold  is  obtained. 

Another  ingenious  device  to  secure  the  gold  is  by  means 
of  what  are  called  under  currents.  At  the  end  of  the  last 
sluice  box,  and  beyond  the  mouth  of  the  tunnel  a  grating 
of  iron  bars  is  arranged  lengthwise  in  the  bottom  through  which 
a  portion  of  the  water  and  finer  material  falls  upon  a  series  of 
more  gently  graded  sluices  of  double  the  widtn  of  the  main 
riuice.  These  sluices  are  placed  at  right  angles  to  the  other 
while  the  great  body  of  the  gravel  with  the  large  boulders  go 
dashing  forward  over  the  fall,  while  the  finer  part  thus  di- 
verted is  more  gently  brought  in  contact  with  a  new  set  of 
mercurial  rifles,  from  which  it  rejoins  the  main  torrent;  and  the 
same  process  is  repeated  at  each  succeeding  fall,  until  the  river 
is  reached. 

Rude  as  this  method  of  saving  the  gold  appears,  experience 
shows  that  more  gold  is  saved  by  it  than  by  any  other  method 
of  washing  yet  devised,  while  the  economical  advantages  it  offers 
are  incomparably  greater  \han  any  other.  In  fact,  it  would  be 
entirely  impossible  to  handle  so  vast  a  body  of  poor  material  in 
any  other  way  now  known. 

To  show  the  enormous  advantage  gained  by  the  present  sys- 
tem of  working,  compared  with  those  formerly  in  use,  Mr.  Black 
states  that,  taking  a  miner's  wages  at  four  dollars  per  day,  the 
cost  of  handling  a  cubic  yard  of  auriferous  gravel  is  as  follows : 

With  the  pan, $20.00 

With  the  rocker,       -        -  .      -        -        -  6.00 

With  the  long  tbm, 1.00 

With  the  hydraulic  process, .     •        -        -  .20 

Ib  &ct,  man  has,  in  the  hydraulic  process,  taken  command  of 
Bature^s  agencies,  employing  them  for  his  own  benefit^  compell- 
ing her  to  surrender  the  treasure  locked  up  in  the  auriferous 
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gravel  by  the  use  of  the  same  forces  which  she  employed  in  dis- 
tributing  it ! 

I  have  dwelt  with  the  more  fullness  on  this  process,  so  fiunil- 
iar  to  all  Californians,  because  I  am  persuaded  that  few  who 
have  not  seen  it  in  action  have  any  adequate  notion  of  its  mag- 
nitude  and  importance.  By  no  other  means  certainly  does  man 
more  completely  change  the  face  of  nature  than  by  this  method 
of  hydraulic  mining.  Hills  melt  away  and  disappear  under  its 
influence,  being  distributed  in  the  river  beds  below,  every  win- 
ter's freshets  carrying  to  lower  and  yet  lower  points  portions  of 
the  detritus,  while  whole  valleys  are  filled  with  clean-washed 
boulders  of  quartz  and  other  rocks  left  behind  in  the  general 
debacle.  Meanwhile  the  Sacramento  and  its  tributaries,  and 
likewise  the  San  Joaquim  flow  turbid  with  red  mud,  bars  are 
formed  where  none  existed  before,  and  the  hydroffraphy  of  the 
bay  of  San  Francisco  is  changing  under  the  influence  of  the 
same  causes.  The  desolation  which  remains  after  the  ground 
washed  by  the  miner  is  abandoned,  is  remediless  and  appalling. 
The  rounded  surface  of  the  bed  rock  torn  up  with  picks  and 
strewn  with  great  boulders  shows  here  and  there  islands  of 
gravel,  rising  in  vertical  clifis  with  red  and  blue  stains,  serving 
to  mark  the  ancient  level  and  filling  the  spectator  with  amaze- 
ment at  the  changes,  geological  in  their  nature  and  extent,  which 
the  hand  of  man  has  wrought. 

But  the  auri  sacra  fames  heeds  no  suggestion  of  the  aesthetic ; 
the  gold  is  there,  we  have  the  means  and  the  power  to  re- 
move it,  why  should  we  stay  our  hand !  The  process  is  but 
just  commenced.  It  has  required  already  twelve  years  to  re- 
move, as  we  have  seen,  eight  per  cent  of  the  raining  ground, 
already  recognized  as  such,  in  but  a  small  portion  of  the  area 
between  the  two  forks  of  the  Yuba.  Not  this  generation,  nor 
yet  a  fifth  from  this,  will  see  the  completion  of  the  work,  while 
each  year  will  hereaftier  witness  an  increased  production  of  gold 
up  to  the  maximum  possible  with  the  water  at  command.  The 
amount  of  gold  sent  into  commerce  fix)m  this  very  limited  por- 
tion of  the  ancient  auriferous  gravel  has  for  many  years  averaged 
over  two  millions  of  dollars  annually. 

Water  Supply. — It  follows  as  an  obvious  consequence  of  what 
has  been  said  of  the  Deep  Placers,  and  of  the  hydraulic  process  of 
mining,  that  an  adequate  supply  of  water  at  a  suitable  elevation 
is  essential  for  the  extraction  of  the  gold  contained  in  the  ancient 
auriferous  gravel.  The  water  shed  between  the  two  branches 
of  the  Yuba  Kiver  now  under  consideration,  includes  not  only 
the  tributary  streams  which  rise  in  the  Sierras,  such  as  Cafion 
Creek,  Pass  Creek,  and  others,  but  a  great  number  of  small  and 
larger  lakes,  from  a  few  acres  to  several  miles  in  area  which  nes- 
tle among  the  hills.    Of  these  the  largest  is  the  Truckee  Lake ; 
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and  although  the  waters  of  this  considerable  reservoir  are  DOt 
now  flowing  in  either  of  the  canals  under  consideration,  I  am 
credibly  informed,  on  high  authority,  that  they  are  likely  to  do 
so  ere  long.  Caflon  Creek  Lake  (called  on  the  map  Eureka 
Lake)  is  the  most  considerable  reservoir  of  the  Eureka  Lake 
Canal  Co.  I  visited  it  in  November,  after  the  first  fall  of  snow, 
but  before  the  waters  had  commenced  accumulating.  In  four 
or  five  weeks  time  after  it  was  full.  A  substantial  dam  built  of 
blocks  of  granite,  raises  its  waters  to  a  present  average  height  of 
forty-two  feet  above  its  outlet,  with  natural  abutments  of  granite 
capable  of  receiving  twenty  feet  more  of  height  Its  base  is 
transversely  at  bottom  one  hundred  and  twenty  feet,  its  height 
seventy  feet,  and  from  bank  to  bank  its  top  measures  two  hun- 
dred and  fifty  feet.  The  water  face  is  protected  by  a  double 
covering  of  sawed  planking,  securely  fastened,  and  in  all  five 
inches  in  thickness.  The  flow  of  water  is  regulated  by  a  sluice- 
way of  arched  masonry.  When  full,  the  present  capacity  of  this 
reservoir  is  estimated  at  983,000,000  cubic  feet  of  water.  By  an 
increase  of  twelve  feet  in  the  height  of  the  dam,  Mr.  Black  esti- 
mates the  increased  capacity  of  this  reservoir  to  be  262,000,000 
of  cubic  feet  of  water,  equal  to  twenty-five  days  supply  of  the 
canal  with  a  constant  stream,  or  in  all  about  six  months'  supply. 
But  the  canal  receives  its  supply  for  four  months,  say  from 
the  middle  of  April  to  the  middle  of  August,  from  the  moun- 
tain streams,  which  aflfbrd  a  plentiful  supply  from  the  constant 
melting  of  the  snows  during  this  season;  the  snow  accumu- 
lates in  great  quantities  in  the  snowy  Sierras  during  the  winter 
months,  the  melting  of  which  supplies  not  only  the  flow  of  the 
streams,  but  fills  also  to  overflowing  all  the  mountain  lakes  and 
artificial  reservoirs,  in  which  the  waters  are  kept  in  reserve 
against  the  droughts  of  late  summer  and  autumn.  Rarely,  as  in 
the  summer  of  1863-4,  does  the  snow-fall  fail  to  meet  the  de- 
mands. During  the  year  named,  for  the  first  time  since  the  con- 
struction of  the  canals,  the  reservoirs  were  not  half  filled,  but  dur- 
ing the  current  year  thev  were  filled  again  by  mid-winter.  The 
rain-fall  for  1863-4  was  less  than  has  been  known  in  California 
since  1850-61.     The  snow  in  1863-4  measured  only  four  feet* 

*  Mr.  Black  gives  the  following  table,  Ac. 

BttUement  of  the  Raiivfall,  as  regittered  at  Sacramento  for  fifteen  year* : 
Tear.                                Sain-fkll  In  iachei. 
1849-60 86. 


1860-61 4.780 

1861-62 17.980 

1862-68 86  862 

1868-64 60.068 

1864-55 18.620 

1866-66 18.770 

1866-67 10.443 


Year.  Raiiv-&U  in  tediM. 

1 867-68 16.008 

1868-69 16.021 

1 869-60 22.107 

1860-61 16.097 

1861-62 86.549 

1 862-68 1 1.679 

1868-64 7.872 

Mean  rain-fall, 18.64 


From  this  table  it  will  be  seen  that  the  rain  faU  for  1868,  '64,  is  only  7.87,  whilst 
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Besides  the  main  reBervoir  are  other  smaller  lakes  or  reser- 
Toirs,  of  which  the  principal  one  is  Lake  Faucherie,  on  the 
oonrse  of  Gallon  Creek,  perhaps  four  miles  below  the  main  res- 
ervoir. A  timber  dam  of  thirty  feet  in  height  has  been  con- 
structed across  its  outlet,  forming  a  reservoir  of  about  two 
hundred  acres,  giving  a  volume  of  217,000,000  of  Cubic  feet. 
Dams  have  also  been  erected  across  the  outlets  of  sevend  small 
lakes  to  the  west  and  south  of  Lake  Faucherie,  firom  the  outlet 
of  one  of  which  the  main  canal  commences. 

The  Eureka  Canal  is  constructed  partlv  in  earth  and  partly 
as  a  wooden  flume.  The  dimensions  of  the  main  flume  are 
flive  feet  nine  inches  in  width;  depth,  three  feet;  fall,  sixteen 
feet  per  mile.  The  discharge  is  ninetv-siz  and  fortv-four-hun- 
dredths  cubic  feet  per  second,  or  8,4o6  miners'  inches,  taking 
the  depth  of  water  at  two  feet  nine  inches.  If  the  full  depth 
of  three  feet  were  attained,  the  discharge  would  be  one  hundred 
and  thirteen  and  thirty-three-hundredths  cubic  feet,  or  4,306 
inches ;  but  on  account  of  the  insularity  in  the  ^rade  and  the 
subsidences  which  have  taken  place,  it  is  not  practicable,  at  pres- 
ent^ to  fill  it  to  its  full  capacity. 

Taking  8,486  inches  as  the  supply,  and  deductiog  ten  per  cent 
for  loss  by  leakage,  evaporation,  etc.,  will  leave  8,087  inches,  the 
supply  which  can  be  made  available.  The  practical  result, 
wnich  is  8000  inches,  agrees  very  closely  with  this ;  8,087  inches 
of  a  constant  discharge  during  a  working  day  of  ten  hours  is 
ec[ual  to  7,289  inches  for  twenty-four  hours,  which  latter  quan- 
tity, therefore,  is  the  available  capacity  of  the  canal,  irrespec- 
tive of  the  Miners'  and  other  confluent  ditches.  The  dischar^ 
per  second,  being  ninety-six  and  forty-four-hundredths  cubic 
feet>  equals  eight  and  one-third  millions  of  cubic  feet  for  twenty- 
four  hours.  The  yearly  complement  is  therefore  8,041,000,000 
cubic  feet 

The  storage  capacity  for  the  supply  of  the  Canal  is  thus  stated : 

CafXon  Creek  ReservoJp, 983  millions  cubic  feet 

Lake  Faucherie, 217        "  "       " 

Smaller  lakes, 100       "  •*       " 


1,260        *< 


u 


the  average  fidl  for  the  last  fifteen  years  has  beeo  18*64.  In  the  mountains,  rain 
rarely  falls  after  the  month  of  September.  It  is  then  oonverted  into  snow  through 
the  coldness  of  the  climate.  In  April  it  commences  to  thaw,  and  daring  the  few 
following  months  all  the  watercourses  and  rivers  have  a  plentifnl  supply  of  water. 
The  rain*&U  of  the  mountains  (or  the  snow  which  falls  there,  when  converted  into 
water)  is  from  fiftjr  to  seventy  per  cent  more  than  the  rain-fall  of  the  valleys: 
(aooording  to  experiments  which  I  made  on  the  Middle  Tuba  in  1856-7,  I  found 
that  seven  feet  of  snow  measured,  after  its  fall,  one  foot  of  water ;  therefore,  as  an 
approximation,  the  fkll  of  snow,  divided  by  seven,  is  equal  to  the  rain-fkll) 
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This  amount  divided  by  eight  and  one-third  millions,  the  daily 
supply,  equals  one  hundred  and  fifty  days',  or  five  monUis'  stor- 
age supply.  A  partial  deficiency  exists  during  three  months  of 
the  year,  from  the  middle  of  January  to  the  middle  of  April, 
during  a  part  of  which  period,  however,  the  demands  for  wash- 
ing are  at  a  minimum.  In  ordinary  years  the  reservoirs  are  not 
drawn  from  before  the  middle  of  August.  In  1864,  however, 
the  draft  commenced  as  early  as  July  1st,  owing  to  the  very 
exceptional  dryness  of  that  season. 

The  main  canal  aft^r  leaving  Cafion  Creek  takes  a  westerly 
direction,  and  follows  the  contour  of  the  hills  on  the  south  side 
until  it  crosses  Jackson  Creek,  a  distance  of  about  seven  miles ; 
thence  taking  a  more  northerly  direction  for  two  miles,  it  crosses 
a  depression  in  the  ridge,  and  keeping  above  Weaver's  or  Eu- 
reka Lake,  follows  the  north  slope  of  the  ridge  to  Eureka,  a  dis- 
tance of  about  eleven  miles ;  continuing  in  the  same  direction 
two  miles  further,  it  crosses  a  low  depression  by  means  of  the 
Magenta  and  National  aqueducts.  From  this  it  still  follows  the 
same  slope  of  the  ridge  to  Snow  Tent,  a  distance  of  thirty-two 
miles  from  its  commencement.  At  this  point,  being  on  the  crest 
of  the  ridge,  it  discharges  itself  on  the  north  side  into  Bloody 
Run,  a  tributary  of  the  Middle  Yuba,  and  on  the  south  side  into 
Bloomfield  Creek,  a  tributary  of  the  South  Yuba,  thus  obtaining 
the  complete  command  of  the  country  from  river  to  river. 

Among  the  wonders  which  strike  a  visitor  on  first  seeing 
the  mining  regions  of  California,  are  the  lofty  a(]^ueducts  con- 
structed on  trestle-work  for  the  purpose  of  carrying  the  water 
across  deep  ravines.  Often  these  structures  are  slight  and  in- 
secure, but  the  Magenta  and  National  (or  Washington)  ac[ae- 
ducts  on  the  line  of  the  Eureka  Canal  are  remarkable  exceptions 
to  this.    They  are  thus  described  by  Mr.  Black : 

"  The  Magenta  and  National  aqueducts,  which  reflect  great  credit  on 
the  ability^  and  skill  of  Mr.  Faacherie,  the  engioeer,  are  the  finest  works 
of  the  kind  in  California.  During  their  construction,  in  1 859, 1  had  fre- 
quent opportunities  of  inspecting  them,  as  I  was  at  that  time  engaged 
in  carrying  on  the  works  of  the  Sierra  Nevada  Lake  Water  Canal,  on 
the  opposite  side  of  the  Yuba.  The  National  Aqueduct  is  in  length 
1,800  feet;  its  greatest  height  sixty-five  feet  The  Magenta  Aqueduct  is 
1,400  feet  in  length,  and  its  greatest  height  one  hundred  and  twenty-six 
feet  The  size  of  the  flume  is  seven  feet  -  by  one  foot  and  three  inches ; 
the  inclination,  or  grade,  one  foot  per  hundred  feet  The  sides  were 
made  as  low  as  practicable,  so  that  tne  high  winds  which  sweep  across 
this  gap  might  have  little  effect  upon  them.  The  posts  of  the  trestles ' 
were  all  hewn  from  trees  growing  in  the  vicinity,  no  splicing  existing  in 
any  part  of  them ;  they  are  whole  from  foundation  to  top.  The  sides  of 
the  flume,  one  foot  three  inches  in  depth,  are  formed  of  whole  scantlings 
thirty  feet  in  length  and  seven  inches  in  width.  The  trestles  are  plac^ 
thirty  feet  apart  from  centers;  they  are  well  and  securely  braced.    The 
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whole  aqueduct  was  built  in  sections  of  thirty  feet  each ;  each  sectioni 
when  oompletedf  being  raised  on  the  spot  where  it  was  constTUOted,  hj 
which  scaffolding  was  completely  dispensed  with.  This  work,  to-day,  is 
in  good  preservation,  the  foundations  and  superstructure  being  alike  sound 
and  substantia],  and  likely  to  last  for  many  years." 

The  aggregate  length  of  all  the  ditches  in  the  Eureka  Com- 
pany's ownership  is  about  two  hundred  miles. 

In  the  ownership  of  the  San  Juan  Company  the  aggregate 
length  is  about  half  this  quantity,  twenty-six  miles  being  in  the 
main  San  Juan  ditch. 

The  safe  capacity  of  discharge  of  the  canals  of  both  Com- 
panies, being  a  constant  stream  during  10  hours,  is  as  follows : 

Mioer't  incbet. 

Eureka  Lake  Canal 3,000 

Miners'  Canal 750 

Other  districts 260 

4,000 

Middle  Yuba  Canal 1,600 

6,600 

5,600  inches  for  10  hours,  equals  for  24  hours 13,200 

20  per  cent  deficiency  in  supply,  stoppages,  and  other  causes,    2,620 

10.680 

Say  10,000  inches  per  day. 

The  laws  of  California  are  quite  peculiar  in  respect  to  the 
rights  of  miners  to  the  control  of  mining  ground  and  of  water. 
The  miner  has  no  ownership  in  fee,  but  an  absolute  control  so 
long  as  he  conforms  to  the  mining  laws  of  his  district.  Mining 
being  the  great  business  of  the  State,  the  rights  of  miners 
have  been  most  carefully  guarded,  and  are  esteemed  prior  to 
all  other  property  rights  of  real  estate.  As  respects  the  own- 
ership and  control  of  water,  the  laws  permit  and  protect  usages 
unknown  under  the  English  common  law,  such  as  the  per- 
manent diversion  of  water  from  its  original  channels  for  min- 
ing uses.  The  right  of  *  locating'  streams  for  such  purposes 
iA  fully  recognized  and  established  as  against  adverse  mterests, 
by  numerous  decisions  of  the  highest  Courts  of  law.  An  ab- 
stract of  these  mining  laws  may  be  found  in  Hittel's  Besources 
of  California,  page  864. 
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Art.  n. — On  the  Ice  in  Kennehec  River;   by  Rev.  Fredibio 

Gabdikeb. 

The  following  obseryations  were  made  upon  the  ioe  on  tbe 
Kennebec  river  during  the  months  of  February  and  March,  1865. 
The  location  is  in  the  town  of  Gardiner,  at  a  point  where  the 
river  is  about  700  feet  wide.  The  water  is  entirely  fresh  for 
many  miles  below,  and  the  average  ebb  and  flow  of  the  tide 
here  is  five  feet.  The  depth  of  water  varies,  according  to  the 
state  of  the  tide  and  the  particular  locality,  from  17  to  26  feet 
In  the  course  of  the  winter  the  ice  is  always  observed  to  crowd 
ashore,  crumpliog  up  in  ridges  on  the  flats  and  near  the  edge  of 
the  channel.  This  process  was  already  well  advanced  when,  after 
various  delays,  these  observations  were  begun,  Feb.  8.  A  row 
of  stakes  was  planted  in  the  ice,  by  borins  holes  quite  through 
to  the  water,  at  distances  of  about  100  ^et  apart,  avoiding  a 
very  near  approach  to  either  shore.  Their  positions  were  deter- 
mined by  observing  the  ran^e  of  each  with  a  near  and  a  distant 
fixed  obiect  on  the  shore,  by  means  of  an  instrument  with  a 
small  telescope,  and  also  by  the  angles  subtended  at  each  posi- 
tion by  fixed  objects  on  the  opposite  shores.  After  an  interval 
of  time,  the  instrument  was  placed  in  the  same  range,  and  the 
distance  from  it  to  tbe  stake  measured.  The  stakes  were  soon 
broken  off  even  with  the  ice  by  boys,  and  then  a  heavy  snow 
fall  with  the  consequent  sinking  of  the  ice  and  formation  of  a 
separate  sheet  of  ice  above,  with  water  between  and  slush  above, 
made  it  impossible  to  recover  the  ends  of  the  stakes  until  March 
18th.  The  distance  between  the  eastern  and  western  stakes  was 
600  feet.  March  18,  the  easternmost  stake  was  found  to  have 
moved  to  the  eastward  12f  inches.  A  stake  200  feet  west  of 
this  had  not  sensibly  changed  its  position.  The  western-most 
stake  had  moved  to  the  westward  12  feet  2  in.  There  was  thus  a 
total  expansion  of  the  ice  of  13  feet  2f  in.  in  a  breadth  of  600 
feet,  or  2 '646  per  cent  nearly,  in  40  days.  Of  course  this  motion 
is  entirely  independent  of  the  action  of  gravity,  and  is  possibly 
due  to  variations  in  the  temperature  of  the  air,  that  of  the  water 
having  been  nearly  constant,  as  will  be  seen  below.  It  is  to  be 
regretted  that  there  are  no  data  for  determining  the  proportion 
of  this  motion  in  successive  proportions  of  time — a  defect  which 
it  is  hoped  the  observations  of  another  winter,  and  of  observers 
in  other  localities,  may  supply.  The  temperatures  observed  at 
my  house,  120  feet  above  the  river,  during  the  time,  are  as  fol- 
lows, in  degrees  Farenheit:  Mean  temperature,  Feb.  6  to  28 
incluave,  22*87® ;;  mean  of  extreme  heat  of  each  day,  82® ;  mean 
of  extreme  cold,  1274®^  mean  diurnal  variation,  20*217®,-  ex- 
treme heat,  45®:;  extreme  cold,  -17®  ^  extreme  variation,  62® 
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Maroli  1  to  18,  inclasive. — Mean  temperature,  83"188® ;  mean  of 
extreme  heat,  41*88° ;  of  extreme  cold,  24*944° ;  mean  diurnal 
variation,  16*44° ;  extreme  heat,  50° ;  extreme  cold,  7° ;  extreme 
variation,  48°.  These  temperatures,  of  course,  are  each  that  of 
the  shade ;  they  would  be  much  increased  by  taking  into  con- 
sideration the  influence  of  the  sun  to  which  the  ice  was  exposed. 

When  the  ends  of  the  stakes  were  recovered,  they  were  float- 
ing in  greatly  enlarged  holes.  The  stakes  were  pieces  of  pine 
turned,  f  in.  in  diameter.  They  were  placed  in  holes  of  IJ  in. 
diameter,  and  frozen  in  firmly.  When  found,  the  holes  varied 
from  1^  to  6i  in.  diameter.  This  fact  probably  accounts  for  the 
anomalous  temperatures  given  below,  and  must  be  due  to  the 
action  of  the  sun's  rays  in  the  substance  of  the  ice  absorbed  by 
the  wood  of  the  stakes.  It  also  illustrates  the  effect  upon  the 
ice  of  obiects  within  its  substance.  The  larger  holes  were  in 
the  midole  and  near  the  eastern  side  of  the  river ;  the  smaller 
were  toward  the  western  shore,  where  a  high  bank  cuts  off  the 
sun  early  in  the  afternoon. 

The  subjoined  temperatures  of  the  water  and  ice  were  taken 
with  thermometers  enclosed  in  cylinders  of  pine  of  such  size 
as  to  leave  a  minimum  thickness  of  ^  in.  of  wood  outside  the 
bulb.  The  piece  of  wood  covering  the  graduated  side  of  the 
stem  was  confined  only  by  an  india  rubber  ring  which  could 
be  slipped  off  in  an  instant.  These  therm9meters  were  made 
by  Green  of  New  York,  accurately  graduated  to  j\^  0.,  and 
easily  read  to  ^7°.  The  temperatures  of  the  air  and  snow  were 
observed  with  naked  thermometers.  The  minimum  time  of  ex- 
posure in  each  case  was  a  half  hour,  and  it  was  not  found  that 
a  longer  exposure  produced  any  change,  although  an  hour  was 
repeatedly  tried.  The  thermometers  were  sunk  perpendicularly 
in  the  ice,  by  boring  holes  with  an  augur  a  trifle  larger  than  the 
thermometer  cases,  and,  after  inserting  them,  stopping  the  top 
of  the  hole  with  dry  snow.  The  measurements,  in  all  cases,  are 
to  the  center  of  the  bulb,  which  was  about  1^  in.  long.  The 
temperature  of  the  water  was  always  observed  near  the  bottom 
of  tne  river,  and  also  immediatelv  under  the  ice ;  but  no  differ- 
ence was  observed  except  on  Feb.  6,  when  the  water  near  the 
bottom  was  010,  and  just  below  the  ice  -0*05,  the  ice  at  the  time 
wasting  a  little.  Feb.  15,  010 ;  Feb.  22,  0*15 ;  March  11,  0*85 ; 
March  18,  after  a  heavy  rain,  producing  a  freshet  and  filling  the 
river  with  melted  snow,  0*15.  This  fi^het  terminated  the  ob- 
servations upon  the  ice. 

At  a  point  about  the  middle  of  the  river  and  near  the  line  of 
the  stakes,  varied,  however,  a  few  feet  for  each  observation,  the 
following  observations  were  made :  Feb.  6,  mean  temperature 
of  air  in  shade,  0° ;  depth  of  snow  on  ice,  15  in. ;  thickness  of 
"  snow  ice,"  6i  in. ;  of  black  ice,  6  J  in. ;  total,  18  in. — surface 
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of  ice  3  in.  below  sur&oe  of  water.  Temperature  of  snow  just 
below  its  surface,  0°;  just  above  the  ice,  -3*45° ;  of  ice  at  depth, 
of  10  in.,  -1  95.  Feb.  15,  air  in  shade,  -4'15 ;  depth  of  snow,  6 
in.  Below  this  was  a  sheet  of  ice  generally  3^  in.  thick,  then  a 
layer  of  water  2i  in.,  then  about  12  in.  of  ice ;  in  all,  18  in. 
The  temperature  of  the  ice  was  taken  at  a  point  where  the  two 
layers  were  frozen  together.  Snow  near  surface,  -1'66® ;  just 
above  ice,  -075° ;  ice  at  depth  of  2  in.  O^e^* ;  at  U  in.,  O-eS*".* 
Feb.  22,  thickness  of  snow,  ice,  and  water,  about  the  same. 
Temperature  of  air  in  shade,  -8-90° ;  of  snow  near  its  surface, 
0° ;  just  above  ice,  055°  ;  of  enclosed  water,  005°.  The  layer 
of  water  prevented  the  examination  of  the  ice  below.  March 
18,  snow  on  the  ice  all  gone ;  upper  layer  of  ice,  4c  in.,  but  much 
disintegrated  and  in  places  wholly  gone ;  enclosed  water  vary- 
ing from  2  to  6  in.,  and  the  entire  thickness  of  the  whole  reduced 
to  from  14  to  15  in.  Temperature  of  enclosed  water,  085° ; 
temperature  of  air  in  shade,  8  90° ;  in  sun,  7'25°.  At  another 
point,  where  the  draft  of  air  under  a  bridge  kept  the  sur&ce 
nearly  free  from  snow,  but  still  fully  exposed  to  the  sun,  the 
following  observations  were  made :  February  15 — air  in  shade, 
-4:70°;  in  sun,  0°;  thickness  of  "snow  ice,"  8  in. ;  of  black  ice, 
19  in. :  total,  22  in.  Temperature  of  ice  at  depth  of  2  in.,  -  0*86° ; 
at  10  in.,  -215° ;  at  18  in.,  -225°.  Feb.  22,— air  in  shade, 
-2-25°;  in  sun,  950°;  snow  ice,  2iin.;  black  ice,  21f  in.: 
total,  24i.  Temperature  of  ice  at  2  in.,  215°;'  at  10  in.,  1*00°  ; 
at  18  in.,  0-65° ;  at  22  in.,  090°.  The  surface  of  ice  in  the  sua 
was  thawing  freely.  March  11, — air  in  shade,  -2  20°  ;  in  sun, 
11*10°  ;  surface  of  ice  thawing  in  the  sun.  Thickness  of  black 
ice,  (there  being  no  snow  ice),  22^  in.  Temperature,  at  2  in., 
1-90°;*  at  10  in.,  2-85°;*  at  18  in.,  1-25°.' 

These  observations  show  that  the  ice  expands  without  reference 
to  the  temperature  of  the  water,  and  that  the  temperature  of  the 
ice  itself,  for  such  thickness  as  above  given,  varies  considerably, 
its  changes  having  little  reference  to  the  water  below.  It  also 
appears  that  the  rays  of  the  sun  at  these  depths,  (and  probably 
the  same  would  be  true  of  much  greater  depths,)  are  absorbed 
largely  by  an  enclosed  object,  even  of  a  light  color.  In  the  uni- 
form temperature  of  the  water  at  various  depths,  there  is  evi* 
dence  that  the  sudden  disintegration  of  the  ice,  and  its  disap- 
pearance, is  not  in  this  instance  due  to  the  action  of  the  water. 
This  occurs  constantly  on  the  large  ponds  in  the  neighborhood, 
but  rarely  on  the  river.  It  never  takes  place  until  the  '*  snow 
ice  "  is  entirely  melted,  and  is  believed  to  be  due  to  the  action 
of  the  sun. 

'  Chips  of  the  ioe  left  in  the  hole  were  melted,  and  thennometer  case  some- 
what moistened. 
Gardiner,  Maine,  March  2, 1866. 
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Art.  in. — On  the  Origin  and  Formation  of  Prairies;  by 
Leo  Lesquereux. 

[CoDoluded  from  yoL  zzxix,  p.  827.] 

We  now  come  to  the  examination  of  the  new  theory  of  Prof. 
"Winchell/  A  clear  abstract  is  given  by  the  author  himself  in 
the  following  words : 

1.  The  soil  of  the  prairies  is  of  lacustrine  formation,  as  proved 
by  its  physical  characters,  and  by  the  necessary  effect  of  geo* 
lo^(^  changes  of  level  which  are  generally  admitted  to  have 
taKcn  place. 

2.  lacustrine  sediments  enclose  but  few  living  germs. 

8.  Diluvial  deposits,  on  the  contrary,  are  found  everywhere  re- 
plete with  living  germs. 

4.  The  living  germs  of  the  diluvial  deposits  were  buried  dur- 
ing the  glacial  epoch. 

6.  In  proportion  as  the  diluvial  surface  became  exposed,  the 
flora  of  the  pre-glacial  epoch  was  reproduced. 

6.  The  vegetation  which  finally  appeared  on  the  drained  la- 
custrine area  was  extra-limital,  and  was  more  likely  to  be  herba- 
ceous than  arboreal. 

The  above  quoted  conclusions  are  sustained  with  ability  by 
various  arguments,  and  merit,  therefore,  careful  consideration. 

The  first  is,  "  The  soil  of  the  prairies  is  of  lacustrine  formation^  '* 
etc. — As  Prof.  Winchell  states,  in  the  beginning,  that  his  sys- 
tem is  not  intended  to  explain  the  formation  of  the  low  wet 
prairies,  but  only  that  of  the  high  rolling  prairies,  and  as,  in  re- 
marking on  the  extent  of  the  ancient  lakes,  he  says  that  its  arms 
reached  into  Iowa,  we  may  admit  that  the  high  rolling  prairies 
of  this  State  are  considered  by  him  as  resulting  from  the  same 
lacustrine  action.  We  might  go  farther  west,  and  follow  the  same 
formation  over  a  surfiaoe  continually  rising  to  an  elevation  of 
6000  feet.*  But  it  is  not  necessary  for  our  present  argument 
In  Iowa  the  knolls  of  the  high  prairies  are  1,500  feet  above  the 
Ocean,  and  as  Lake  Michigan  is  only  600  feet  above  the  sea,  its 
waters,  to  reach  the  high  prairies  of  Iowa,  should  have  been  900 
feet  higher  than  they  now  are.  flow  would  this  agree  with  the 
actuid  configuration  of  our  country?  Moreover,  as  the  levd 
of  the  high  prairies  of  Southern  Illinois  is  now  at  least  160 
feet  lower  than  that  of  Lake  Michigan,  this  part  of  the  country, 
in  the  supposition  of  the  author,  should  have  been,  at  the  time 
of  the  formation  of  the  Iowa  prairies,  under  at  least  one  thousand 
feet  of  water.    With  such  an  elevation  of  the  lakes  as  supposed 

'  This  Joonia],  [2],  xxxviil,  882. 

'  Prof.  Whitoej  in  Geol.  Report  of  Iowa,  p.  10 ;  for  this  and  loine  of  the  foUow- 
bg  measorements.    Those  for  Ohio  are  taken  from  official  surreys  for  canals. 
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above,  all  the  highlands  of  Indiana  and  Ohio  should  have  been 
also  deep  under  water.  For,  the  highest  point  of  the  Ohio 
canal,  at  Licking,  being  890  feet  above  the  sea,  there  is  still  about 
500  feet  of  difference  between  this  point  and  the  level  of  the 
Iowa  prairies.  The  whole  high  country  in  Ohio  and  Indiana  ia 
nevertheless  covered  with  forest. 

Nobody,  indeed,  can  deny  that  the  whole  surface  of  the 
prairies,  from  the  lowest  to  the  highest  point,  has  been  recently 
(geologically  considered^  under  water.  But  to  reduce  to  a  mere 
extension  of  Lake  Micnigan,  or  of  the  basin  of  our  lakes,  an 
epoch  of  submergence  which  has  left  its  traces  over  the  whole 
extent  of  our  continent,  is  narrowing  the  phenomenon  of  a 
whole  epoch  to  one  of  its  merely  local  results.  The  deposits  of 
this  Champlain  epoch  follow  the  rivers  of  the  valley  of  the 
Mississippi  to  their  highest  affluents  and  their  sources.*  I  have 
seen  them  overlie  the  Drift  along  the  banks  of  the  Big  Waraju 
river,  in  the  Indian  Territory,  at  an  elevation  of  more  than  two 
hundred  feet  above  the  bed  of  the  river.  This  epoch  of  subsi- 
dence has  been  followed  by  an  epoch  of  slow  upheaval  and  slow 
drainage  whose  action  is  recognizable  in  denudations,  deepening 
of  channels,  moulding  of  terraces,  along  the  lakes  and  the 
rivers,  etc.,*  and  in  the  formation  of  prairies  over  immensoi 
nearly  horizontal  plains,  which  were  necessarily  covered  with 
vast  sheets  of  water,  lakes,  and  swamps.  If  ths  under  expanse 
of  our  lakes  at  former  times  is  understood  in  that  way,  it  is  indeed 
undeniable.  But,  as  we  have  already  said,  these  lakes  cannot  be 
considered  in  the  phenomenon  as  causative  or  primitive  agents. 
And  if  it  is  so,  all  the  deposits  of  that  epoch  belong  to  the  same 
lacustrine  formation,  and  as  all  these  surrace  deposits  which  were 
not  horizontal  are  generally  wooded,  and  often  densely  so,  we 
are  already  authorized  to  conclude  that  the  so-called  laeustrme 
formation  has,  by  its  nature,  no  direct  relation  to  the  prairies. 

Before  passing  to  another  of  the  statements  of  the  author,  I 
would  like  to  ask  if  there  is  not  a  contradiction  in  asserting  that 
there  was  "  little  difficulty  in  discovering  the  true  origin  of  the 
so-called  '  wet  prairies'  so  common  in  C^io  and  Michigan,  and 
now  usually  termed  *  marshes,'  *  swales,'  '  bogs,'  and  in  proving 
that  the  humidity  and  sourness  of  the  soil  were  the  real  causes 
of  the  absence  of  ordinary  upland  trees  from  their  surfisu^,"*  and 
to  say,  in  considering  my  opinion  identified  by  the  author  with 
the  iormer,  that  '*  it  is  so  well  known  that  there  is  no  situation 
so  wet  but  certain  trees  will  flourish  in  it,"  (referring  here  to  the 
soU  of  swamps.)'  Is  it  not  also  a  contradiction  to  acknowledge 
that  the  wet  prairies,  along  the  shores  of  our  lakes,  are  caused 

*  Dana :  Manual  of  Geology,  p,  647. 

*  The  Terrace  epoch.    Dana,  ibid.,  p.  564. 

*  This  Jonmal,  [2],  zzxriii,  888.  *  This  Joumal,  ibid,  p.  S48. 
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by  hamiditj  of  the  soil,  and  to  assert  that  the  bi^h  prairies, 
under  lacuairine  influencCj  owe  their  origin  to  quite  another 
oaose?  Does  the  difference  of  time  modify  the  action  of  lacus* 
trine  influence? 

2nd.  Lacustrine  sediments  inclose  but  few  living  germSj  says  Pro£ 
Winchell,  and,  on  the  contrary,  8d.  JDUuvial  deposits  are  found 
everywhere  replete  with  living  germs. 

Nothing  is  known  of  the  length  of  time  for  which  the  germs 
of  seeds  can  be  preserved  in  water.  Salt  water  and  fresh  water 
appear  to  have  about  the  same  destructive  action  on  seeds. 
Though  a  number  of  fruits  and  seeds  are  brought  by  currents 
fix)m  the  shores  of  America  to  those  of  Scotia  and  Norway,  these 
seeds  do  not,  or  only  very  rarely,  germinate,  even  under  careful 
cultivation.^  The  marine  cocoa-nut  {Lodoicea  Seychellarum  Lab.) 
has  been  carried  for  ages  by  currents  from  the  Praslin  Islands  to 
the  Maldive,  and,  nevertheless,  it  has  not  been  naturalized  on 
these  last  islands,  although  similar  to  the  former  in  climate.*  In 
fresh  water,  the  only  instance  known  of  seeds  preserved  for  a 
length  of  time  is  that  quoted  by  Dureau  de  la  Malle,  who  says,* 
that  seeds  of  White  Birch,  {Betula  alba,  L.),  preserved  their  ger- 
minative  power  after  twenty  years  of  immersion.  Nothing,  or 
very  little,  is  known,  either,  of  the  duration  of  vitality  in  differ- 
ent kinds  of  seeds,  under  various  circumstances.  Even  for  the 
same  species,  this  duration  depends  on  their  degree  of  maturity, 
and  on  the  substance  in  which  they  have  been  deposited.  When 
inclosed  in  a  perfectly  dry,  unalterable  matter,  in  carbon,  for  ex« 
ample,  and  sheltered  against  any  kind  of  atmospheric  action,  the 
life  of  seeds  may  be,  apparently,  preserved  for  a  long  but  not 
for  an  indefinite  period  of  time.  Isolated  and  apparently  mar- 
velous facts,  tending  to  prove  the  preservation  of  the  vegetative 
e>werof  some  seeds  for  centuries,  have  been  quoted  by  authors, 
ut  these  peculiar  cases  have  not  been  carefully  enough  investi- 
gated to  be  considered  as  conclusive  for  science;  or,  after  inves- 
tigation, have  been  found  to  be  mere  fabrications,  published  for 
mercenary  purposes.  Three  cases  of  this  kind  are  quoted  by 
Prof.  Winchell  in  support  of  his  4th  assertion.  One  regards  the 
seeds  of  raspberries  taken  from  the  stomach  of  a  skeleton,  found 
80  feet  below  the  surface  of  the  earth.  With  the  body  were 
found  '*  some  coins  of  the  Emperor  Hadrian,  from  which  we  are 
justified  in  assuming  that  these  seeds  had  retained  their  vitality 
for  1600  to  1700  years."  I  will  say  nothing  of  that  stomach 
preserved  for  1700  years,  though,  supposing  that  the  story  was 
true,  it  would  indicate  a  concurrence  of  peculiar  circumstances, 
so  remarkably  favorable  to  the  preservation  of  organic  sub- 
stances, that  we  should  consider  the  case  of  the  preserved  vital- 

'  Alph.  De  Candolle  Geogr.  Bot.,  p.  616.        •  Hooker's  Bot  Mag.,  t  2784. 
*  Anoalea  dee  Sciences  Nat,  ▼,  878. 
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ity  of  the  raspberry  seeds,  as  quite  an  exceptional  one.  But  on 
this  subject,  Prof.  Ad.  DeCandolle,  who  mentions  the  same  fact, 
and  who  has  studied  more  closely  than  any  other  botanist  this 
interesting  question  of  the  preservation  of  seeds,  says:  "Prof. 
Lindley  has  quoted  a  species  of  Rosacese  (raspberry)  whose  seeds 
were  found  in  a  human  skeleton,  which  was  believed  to  be  some 
centuries  old ;  but  after  verification  of  the  fact,  the  seeds  proved 
to  be  more  recent.""  DeCandolle  says  nothing  of  that  bulbom 
root  found  in  the  hands  of  a  mummy  and  which  produced  a 
beautiful  dahlia,  rightl  v  passing  the  fact,  as  one  of  those  apocry- 

Shal  stories  with  which  science  had  better  not  be  encumbered. 
Tot  that  the  statement  of  Prof.  Lindley  is  to  be  doubted ;  but 
that  this  celebrated  botanist,  too  prone  to  believe  stories  in  con- 
firmation of  his  opinion,  may  have  been  misled  by  false  accounts. 
We  know  of  old  that  the  merchants  of  Egyptian  mummies  are 
not  more  conscientious  in  the  preparation  of  their  goods  for  mar- 
ket, than  the  manufacturers  of  Italian  or  of  Syrian  antiquities. 
Manuscripts,  seeds,  rings,  every  kind  of  remarkable  utensils  and 
bodies,  have  been  wrapped  with  the  old  bones  of  Egyptian  mum- 
mies, to  raise  their  price.  This  explains  also  the  third  case  of 
long  preservation  of  seeds  of  wheat  from  the  pyramids,  quoted 
by  rrof.  Winchell.  I  have  myself  cultivated  green  peas,  duly 
certified  as  directly  coming  from  the  same  source  and  bought  at 
a  high  price ;  and  learned  to  my  cost  that  the  most  common  of 
our  varieties  of  this  vegetable  was  already  cultivated  at  the  time 
of  the  Pharaohs. 

But  even  accrediting  to  the  seeds  a  vitality  of  infinite  dura- 
tion, whenever  thev  are  imbedded  under  favorable  conditions, 
wrapped  in  a  hard  and  perfectly  dry  body,  sheltered  against 
any  kind  of  atmospheric  influence,  we  must  inquire  if  the  diurnal 
or  drift  deposits  may  have  afforded  to  them  these  conditions  of 
preservation. 

Two  theories  only  are  admissible  for  explaining  the  transpor- 
tation of  the  drift  materials :  1st,  Water  and  floating  Icebergs, 
2d,  Glaciers.  In  the  first  case  the  transport  of  seeds  would  have 
been  made  in  water,  and  their  vitality  aestroyed,  as  it  has  been 
remarked  already.  Admitting,  with  Prof.  Winchell,  the  trans- 
portation by  glaciers,  we  are  called  to  suppose  or  believe  that 
seeds  of  all  the  species  of  trees  now  living  on  the  north  part  of 
our  continent,  have  been  at  first  buried  and  then  carried  in  the 
drift,  as  in  a  kind  of  Noah's  ark,  especially  provided  for  the 
preservation  of  vegetables.  But  the  transportation  of  the  ma- 
terials carried  by  glaciers  is  only  partly  done  upon  their  sur- 
£Eice,  and  does  not  proceed  in  a  way  very  favorable  to  the  pres- 
ervation of  seeds.  In  their  forwarii  advance,  this  surface  of  Uie 
glaciers  is  continually  broken  into  innumerable  fissures  of  vari- 

'*  Alph.  de  Candolle  Oeogr.  Bot,  p.  541. 
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ous  size,  often  broad  crevasses  of  great  depth,  where  heaps  of 
transported  materials  are  constantly  engulfed,  to  be,  by  the 
movement  of  the  ice,  crushed,  ground  up,  and,  by  and  by, 
thrown  back  to  the  surface  to  be  swallowed  again.  Hence,  all 
the  materials  transported  by  glaciers  bear  the  marks  of  long 
grinding.  The  soft  stones  have  been  reduced  to  sand  or  to 
mud,  the  hard  ones  are  rounded  into  pebbles,  and  the  few  which 
have  casually  escaped  burial  have  still  their  angular  comers 
smoothed  away,  of  course.  And  though  the  movement  is  slow, 
the  materials  carried  on  the  back  of  tne  glaciers  (moraines)  are 
continually  mixing  and  in  a  confused  mass,  and  thus,  though 
their  thickness  may  be  great,  they  are  at  repeated  times  ex- 
posed to  atmospheric  action.  How  then  could  it  be  supposed 
that  mere  seeds,  especially  large  ones,  like  acorns,  nuts,  beech 
nuts,  etc.,  could  have  resisted  the  crushing  action  of  ice,  when 
bard  stones  have  been  ground  into  sand  and  mud.  For,  accord- 
ing to  the  theory,  the  seeds  ought  to  have  been  preserved  within 
the  transported  materials,  as  it  is  positively  stated  that  diluvial 
materials  are  full  of  seeds. 

Prof.  Winchell  says,  '*The  general  effect  of  the  events  which 
ushered  in  and  marked  the  progress  of  the  reign  of  ice  was  to 
destroy  the  vegetation  flourishing  over  all  the  northern  portion 
of  the  continent,  and  mingle  its  forms  with  cubic  miles  of  debris 
detached  from  the  under-lying  rocks,"  etc.  What  has  become 
of  these  forms  of  vegetation,  remains  of  vast  destroyed  forests 
which  have  produced  those  seeds  with  which  the  diluvial  is  replete  f 
Are  trunks  and  branches  of  trees  more  difficult  to  preserve  than 
seeds  ?  Who  has  found  those  trunks  and  limbs  of  trees  buried  50 
and  100  feet  in  this  diluvial  rubbish  ?"  Although  the  drift  has 
been  cut  by  canals,  railroads,  etc.,  over  its  vast  extent,  I  do  not 
know  that  any  large  deposits  of  vegetable  remains  have  been 
found  in  it  There  is,  near  Cleveland,  Ohio,  a  bed  of  vegetable 
matter,  a  compound  of  leaves  and  branches  of  nearly  carbonized 
Conifers  heaped  in  patches,  within  sandy  clay,  and  which  do 
not  appear  to  have  been  transported  from  the  place  where  the 
plants  grew.  They  look  like  the  scattered  remains  of  an  in- 
cipient peat-bog.  Here,  at  Columbus,  a  few  pieces  of  wood  have 
b^n  dug  out,  at  a  depth  of  twenty  feet,  from  a  kind  of  drifted 
clay  not  far  from  the  banks  of  the  Scioto  river.  They  may  or 
may  not  belong  to  the  Drift;  in  any  case  they  were,  when  taken 
out,  as  soft  as  clay  and  decayed  throughout  These  are  the  only 
Drift  deposits  of  vegetable  remains  which  have  come  under  my 
examination. 

And  if  the  diluvial  deposits  are  replete  with  living  germs, 
how  is  it  that  wherever  these  deposits  are  deeply  cut,  and  their 
inmost  recesses  exposed  to  view,  we  do  not  see  this  new  ground 

"  This  Journal,  1.  c,  p.  884. 
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invaded  at  once  by  a  peculiar  kind  of  vegetation,  especiallj  by 
trees?  Along  the  Ohio  canals,  the  exposed  Drift  remains  abso- 
lutely sterile  in  the  first  years  after  its  denudation.  By  and  by, 
some  seeds  of  the  plants  growing  in  the  neighborhood,  those  of 
the  Mullen  especially,  invade  this  new  soil,  and  become  for  a  time 
its  predominant  vegetation.  Afterward,  a  few  shrubs,  also  the 
most  common  in  the  vicinity,  appear  on  it ;  and  it  is  only  long 
years  after,  and  when  the  surface  of  the  original  ground  is 
already  covered  by  a  coat  of  vegetable  mould,  that  a  few  trees, 
the  Black  Locust,  the  Elm,  etc.,  are  seen  here  and  there  growing 
up  among  the  bushes. 

Prof.  Winchell  again  says :  "  4th,  The  living  germs  of  the  dilu- 
vial deposits  were  buried  during  the  glacial  epoch  f^  and,  "6th,  In 
proportion  as  the  diluvial  surface  became  exposed,  the  Jhra  of*  the 
pre^lacial  epoch  was  reprodxwsd. 

The  author  supposes  that  the  vegetation  which  characterized 
the  close  of  the  Tertiary  period  was  probably  nearly  identical 
with  that  existing  at  the  present  day  under  the  same  climatic 
conditions."  The  climate  of  the  Tertiary  period  at  our  latitude 
was  evidently  warmer  than  it  is  now,  and,  in  the  supposition  of 
the  author,  we  must  expect  of  course  to  find  the  seeds  of  northern 
species,  brought  with  the  Diluvium  and  established  with  us,  tak- 
ing the  place  of  those  destroyed  by  the  influence  of  the  glacial 
period.  Considering  only  the  general  character  of  the  flora  of 
the  Tertiary  at  different  latitudes,  it  agrees  well  enough  with  this 
idea,  and  we  may  give  here  some  details  which  tend  to  strengthen 
the  hypothesis,  more,  perhaps,  than  any  reason  advanced  by  Uie 
author  himself. 

The  Tertiary  flora  of  Iceland,  at  least  what  is  known  of  it, 
is  more  closely  related  to  our  present  flora  than  that  of  the  Ter- 
tiary of  the  Mississippi  Among  twenty-seven  species  of  Phe- 
nogamous  plants,**  it  has  eight  Conifers,  one  of  wihich,  the  most 
common,  is  aa  Armucaria;  two  Pines,  one  of  them  related  to 
Pinus  serolina  Michx.  of  ours;  five  Firs,  one  also  related  to  our 
Abies  balsamea  Marsh.,  or  Abies  Fraseri  Pursh.  Among  the 
Monocotyledonous  plants,  this  flora  of  Iceland  has  a  Spoirganium^ 
a  species  of  the  Naiadacece  and  the  seeds  of  a  sedge^  and  among 
the  Dicotyledonous  it  has  three  species  of  Birch,  one  of  which, 
is  related  to  our  Setula  esxelsa  Ait;  one  Alder,  one  Willow,  one 
Hazekmt,  one  Oak,  whose  nervation  resembles  that  of  our  Quer^ 
cue  mei^na  Willd. ;  one  Button  wood  (Platanus)^  one  Zhmbef^ 
opsis,  a  genus  of  the  Linden  family,  represented  only  by  broken, 
scarcely  determinable  leaves ;  one  Maple,  apparently  the  moat 
predominant  species  in  that  Tertiary  flora  ot  Iceland,  and  re- 
markable by  its  large  leaves  and  l&rge  fruits ;  one  G-rape,  rela- 
ted to  Vitis  tmlpina  L.  of  ours ;  one  Tulip  tree,  one  Buckthorn, 

*  TlMi  /•tarnal,  1  c,  p.  zn.  ^  0.  H«er4  Flora  Tert  Helfet,  lii,  11*1. 
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ODe  Sumach,  and  one  Walnut.  If  we  consider  the  genera  only, 
it  is  evident  that  this  flora  has  the  greatest  analogy  with  ours : 
and  if  we  could  account  for  the  transportation  of  seeds,  it  woula 
perhaps  seem  reasonable  to  suppose  that  the  change  of  character 
of  our  vegetation,  since  the  Tertiary  period,  might  be  explained 
by  Prof  Winchell's  theory.  Before  conceding  the  value  of  this 
supposition,  however,  we  must  look  further  to  what  we  know 
of  the  characters  of  the  vegetation  in  our  recent  geological  ages. 
The  materials  collected  till  now  from  the  flora  of  Iceland  as  well 
as  from  our  own  are  not  sufficient  to  form  a  solid  basis  for  argu- 
ment,  but  we  must  use  them  as  they  are. 

In  the  lower  Miocene  (may  be  the  Eocene  ?)  of  the  State  of 
Mississippi,  the  most  abundant  remains  of  fossil  plants  belong  to 
a  species  of  Oalamopsisj  an  extinct  genus  of  Palms.  With  tnis, 
ana  in  about  the  same  abundance,  there  are  leaves  of  a  SabcU 
resembling  our  Palmetto,  and  of  Fig  and  Cinnamon  trees.  At 
a  higher  stase,  in  the  red  shales,  which  I  consider  as  true  Mio- 
cene, we  fina  still  some  leaves  of  Fig,  Cinnamon,  and  Sabal,  with 
already  those  of  Oak,  Maple,  Hickory,  Laurel,  Olive,  Magnolia 
and  even  Beech,  whose  species  are  related  to,  but  not  identical 
with,  species  of  our  time.  Higher  still,  in  the  chalk  banks  of 
Columbus,  Kentucky,  we  have  leaves  and  fruits,  whose  relation 
is  still  nearer  to  our  present  species.  Some  of  them  so  much  so, 
that  I  have  considered  them  as  identical  with  ours.'*  Passing 
higher  up  in  the  formations,  we  have,  along  the  banks  of  the 
lower  Ohio  river,  thick  strata  of  a  compound  of  leaves  and  fruits 
mixed  with  alluvial  clav  and  formed  in  terraces.  All  the  species 
of  this  formation  are  of  our  time  and  of  our  latitude. 

In  the  difference  of  forms  between  the  plants  of  the  lower 
Tertiary  and  those  of  our  epoch,  we  recognize  a  constant  modi- 
fication of  specific  characters,  but  one  so  uniform  and  so  slow  in 
its  progress  that  we  cannot  consider  it  as  resulting  from  any 
great  geological  cataclysm.  These  changes  are  nevertheless  evi* 
Sent ;  as  evident  after  the  glacial  epoch  as  at  the  different  stages 
of  die  Tertiary,  but  no  more  marked.  Therefore,  I  do  not  see 
that  we  can  ascribe  the  last  change  to  a  peculiar  glacial  agency, 
especially  when,  to  sustain  the  hypothesis,  we  should  have  now, 
in  our  arborescent  vegetation,  exactly  the  same  species  as  those 
of  the  Northern  Tertiary.  This  is  certainly  not  the  case.  For 
out  of  the  twenty-seven  species  of  the  Tertiary  of  Iceland^  no 
one  is  perfectly  identical  with  ours;  four  only  are  related  to 
^)ecies  of  our  time,  and  the  most  remarkable  and  prominent, 
Araitcarta  and  Acer  oicpterix  Op.,  that  maple  noted  for  its  very 
]arge  fruits,  are  types  of  which  no  trace  appears,  in  our  actual 
vegetation. 

^  This  Joonal,  [2],  zzrii,  864.  Specimens  of  these  fossil  plants  were  sent  to 
Trot  Heer,  who  denied  the  identity  of  some  of  them  with  species  of  oar  time,  wad 
doubted  that  of  others. 
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Prof.  Winchell's  next  statement  is,  "  6th,  The  vegetation  which 
finally  appeared  on  the  drained  lacustrine  area  was  extra-limiial^ 
and  was  more  likely  to  be  herbaceous  than  arboreal. 

What  is  an  extra-limital  vegetation?  Prof.  Winchell  sup- 
poses that  after  the  Drift  epoch  the  whole  continent  passed  under 
the  a>ction  of  the  ocean^s  surges.  That  the  highest  points  of  the 
drift  emerging  from  this  general  flood  were  immediately  covered 
with  forests,  iFrom  the  seeds  preserved  in  it.  That,  at  the  time 
when  this  portion  of  the  emerged  continent  "  was  again  clothed 
with  those  forms  of  verdure  which  had  adorned  it  at  the  close 
of  the  Tertiary  period,"  "  the  retreating  waters  paused  to  brood 
over  the  wide  region  destined  to  become  the  garden  of  the  West; 
perpetual  dilution  converted  them  into  a  vast  inland  sea  of  fresh 
water,  upon  whose  bottom  gathered  the  lifeless  sediments  that 
were  to  be  the  soil  of  the  prairies." 

A  few  simple  measurements  have  already  contradicted  the  es- 
sential idea  in  this  paragraph.  We  have  quoted  it  only  to  show 
that  by  extra-limital  species,  the  author  understands  apparently 
species  which  either  did  not  belong  to  the  Tertiary,  or,  did  not 
inhabit  the  forests  bordering  the  lacustrine  prairies,  and  were 
brought  from  somewhere  far  away.  For  the  vegetation  of  the 
prairies  is  of  a  tjrpe  quite  different  from  that  of  the  forests,  and 
cannot  have  oririnated  from  it.  How,  then,  can  we  account  for 
this  extra-limital  origin  of  species  and  the  transportation  of  seeds 
across  the  forests  surrounding  the  lacustrine  deposits  ?  Can  we 
suppose  that,  for  hundreds  of  centuries,  the  seeds  of  trees  never 
progressed  by  dispersion,  never  trespassed  upon  that  limit 
manned  by  the  boraers  of  ancient  lakes,  though  the  soil  was  well 
adapted  for  their  germincUion  and  their  growth ;"  and  that  the 
lacustrine  soil  was  invaded  by  herbaceous  plants  brought  from 
&T  away  across  the  forests,  we  Know  not  whence?  It  is  not  neces- 
sary to  attempt  to  refute  such  a  supposition.  Are  the  seeds  of 
Maple,  Box-Elder,  Linden,  Hornbeam,  Ironwood,  Birch,  Alder, 
Willow,  Cottonwood,  etc.,  which  are  either  winged  or  surrounded 
with  down  or  with  hairs  to  facilitate  their  dispersion,  more  diffi- 
cult to  transport  by  natural  known  agencies,  such  as  winds,  cur- 
rents, etc.,  tnan  those  of  Pentalostemon,  Astragalus,  Baptisia, 
and  other  Leguminosae  so  common  on  the  prairies?  The  vege- 
tation of  the  prairies  has  the  same  general  character  as  that  of 
the  swamps  and  marsh  lands.  In  both  there  is  especially  an 
abundance  of  large,  coarse  Compositae,  *'  plants  which  continu- 
ally pump  water  by  their  roots  from  the  soil  and  send  it  through 
their  leaves  into  the  atmosphere  as  vapors.""  These  and  most 
of  the  other  species  of  the  prairies  have  generally  deep-creeping 
or  tap  conical  and  tuberous  roots,  penetrating  the  soil  and  thus 

^  Aoeordtng  to  Prof.  Winchell's  opinion.  Thii  Jouraal,  [2],  zzzviii,  844. 
u  De  Candolk  Physiol  Veget,  p.  1210. 
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escaping  destruction  by  conflagration."  And  with  these,  there 
are  the  sedges,  and  the  hard  grasses,  like  the  Andropogons,  which 
seek  a  siliceous  soil,  and  whose  tissue  is  so  hardened  by  silica  that 
their  culms  are  not  even  consumed  by  the  autumnal  fires.  These, 
and  indeed  many  of  the  species  of  the  high  prairies  of  the  Mis- 
sissippi, are  found  in  our  swamps  along  the  canals  of  Ohio. 

A  simple  remark  on  the  whole  theory  will  close  this  examin- 
ation, already  too  long.  An  hypothesis,  or  a  theory,  to  be  ac- 
ceptable  to  the  mind,  should  account  for  all  the  appearances  of 
the  phenomenon  which  it  proposes  to  explain ;  and  its  explana* 
tions  should  be  sustained  by  what  we  know  of  natural  laws  still 
in  activity,  and  by  action  so  evident  that  its  effects  cannot  be 
denied.  Keither  of  these  conditions  is  fulfilled,  I  think,  by  the 
new  theory.  It  takes  into  consideration  a  very  small  part  of  the 
whole  system  of  prairies,  explaining  neither  the  low  lacustrine 
nor  the  fluvial  prairies,  neither  those  of  the  sea  nor  those  of  the 
mountains,  etc.  And  it  refuses  to  acknowledge  an  evident  opera- 
tion constantly  at  work  under  our  eyes,  the  result  of  a  simple 
law  of  nature. 


Akt.  IV. — Preliminary  notice  of  a  small  collection  of  Fossils  found 
by  Dr,  Hays^  on  the  west  shore  of  Kennedy  Channel,  at  the  highest 
northern  localities  ever  explored  ;  by  F.  B.  Meek. 

Some  time  after  Dr.  Hays'  return  from  his  Arctic  expedition, 
he  sent  on  to  the  Smithsonian  Institution  several  boxes  of  min- 
eral and  rock  specimens  collected  by  him  while  in  the  north,  to 
be  examined  by  Prof.  Thomas  Egleston.  On  opening  these, 
Prof.  Egleston  noticed,  amongst  other  specimens,  a  mass  of 
gray  limestone  containing  a  few  fossils,  to  which  he  called  the 
attention  of  the  writer.  Finding  these  to  be  of  much  interest, 
considering  the  distant  northern  locality  from  which  they  were 
obtained,  the  other  specimens  were  then" carefully  examined,  and 
fragments  of  a  few  other  fossils  found  amongst  them.  When 
Dr.  Hays  subsequently  visited  Washington,  he  stated  that  the 
best  specimens  of  fossils  collected  by  him  were  then  in  the  pos- 
session of  a  friend  at  Philadelphia,  and  that  those  we  had  seen 
were  Merely  fragments  that  had  been  packed  up  with  the  rock 
specimens.  At  the  request  of  Dr.  Hays,  the  writer  agreed  to 
examine  and  report  upon  these  fossils,  so  soon  as  the  other  speci- 
mens could  be  sent  on  from  Philadelphia.  After  the  lapse  of  five 
or  six  months,  however,  without  their  arrival,  inquiries  were 

'^  Fire  extends  someiiines  its  ravages  beyond  the  natand  limits  of  the  prairies 
and  destroys  the  forests  of  the  borders,  where  the  trees  are  not  only  scattered  but 
of  feeble  growth.  It  is  only  on  this  intermediate  ground  that  the  contest  of  pro- 
gression and  receding  of  the  forest  is  in  constant  activity. 
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made  in  regard  to  them,  when  it  was  ascertained  from  Dr.  Hays 
that  his  friend,  with  whom  he  had  left  the  specimens,  had  sent 
them  on  some  time  previous.  Unfortunately,  however,  up  to 
this  time  they  have  not  been  received,  and,  as  it  is  quite  probable 
they  may  never  be  recovered,  it  has  been  thought  desirable  in 
the  interests  of  science,  as  well  as  in  justice  to  the  intrepid  Aro« 
tic  explorer,  Dr.  Hays,  that  such  conclusions  as  can  be  deduced 
from  the  meager  collection  of  imperfect  fossils  found  amongst 
the  rock  specimens  collected  by  him,  should  be  placed  on  record. 
Before  expressing  an  opinion,  however,  in  regard  to  the  age 
of  the  rock  from  which  these  specimens  were  obtained,  the  fol- 
lowing list  of  them,  with  brief  descriptions  of  some  of  those 
believed  to  be  new  to  science,  are  given :'     * 

1.  Zaphrbntis  Haysii,  Meek. 

Corallum  obconical,  distinctly  curved,  rapidly  expanding  from  a  pointed 
base ;  length,  about  two  inches ;  breadth,  near  the  summit,  1*40  inches  ; 
sometimes  showing,  on  the  convex  side,  two  broad,  distant,  shallow,  lon- 
gitudinal furrows,  extending  the  whole  length,  so  as  to  give  that  side  a 
trilobate  appearance.  Epitheca,  thick,  and,  where  not  worn,  concealing  the 
septa  within;  surface  showing  small  wrinkles  of  growth,  which  are  moat 
distinct  near  the  summit.  Calice,  apparently  rather  deep,  (filled  with 
stony  matter  in  all  the  specimens  examined) ;  principal  radial  septa  about 
sixty,  rather  stout  and  rigid,  as  seen  around  the  margins  of  the  calice, 
where  about  ten  of  them  may  be  counted  in  a  space  of  half  an  inch  ; 
alternating  with  these  there  is  a  shorter  and  weaker  secondary  series. 

The  trilobate  appearance  of  the  outer  or  convex  side  in  the  type  of  this 
species,  together  with  its  small  wrinkles  of  growth,  give  it  much  the  as- 
pect of  some  of  the  merely  arched  species  of  Plaiycems^  for  which  it 
might  be  mistaken,  when  the  calice  is  filled  with  stony  matter.  As  some 
of  the  other  specimens,  however,  apparently  not  differing  in  other  respects^ 
do  not  present  this  trilobate  appearance,  it  may  not  be  constant 

The  specific  name  of  this  coral  is  given  in  honor  of  Dr.  Hays,  its 
discoverer. 

Locality,  Cape  Frazier.     Between  lat  80**  and  81®  N.,  long.  70®  W. 

2.  Syrinoopora,  {sp,  undt,) 

A  mere  fragment  The  tubes  are  crowded  so  as  to  be  nearly  always 
less  than  their  own  breadth  apart,  and  sometimes  nearly  in  contact  Tliey 
are  uniformly  01 0  inch  in  diameter,  and  apparently  nearly  straight  and 
parallel,  while  the  connecting  tubes  are  small. 

Locality,  Leidy.     Between  lat  80®  and  81®,  long.  70®  W. 

3.  Favositks,  {sp,  undt.) 

A  small  flat  fragment  showing  regular  hexagonal  calices  0*10  inch  in 
diameter.  Tabulse  apparently  thin  and  closely  arranged;  mural  pores 
consisting  (as  seen  on  one  wall  only)  of  four  or  five  alternating  series. 

Locality,  same  as  last 

^  It  U  tbe  inteniioQ  of  the  writer,  when  more  at  leisure,  to  prepare  drswiog^  and 
faller  descriptioDe  of  these  fossils,  as  well  as  of  the  others  dow  lost,  should  thisy  be 
recovered,  for  publication  in  a  work  Dr.  Hays  has  in  progress  on  the  results  of  his 
expedition. 
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4.  Strophombna  RHOMBOiDALiSy  Wahlb.  {:=:Leptaena  dtprwta  of 
Mitliora).    Presenting  its  usual  characters. 

5.  Strophodonta  Hbadlstana,  Hall? 

The  specimen  of  this  shell  consists  of  about  the  half  of  a  yentral  Talve, 
embedded  in  the  matrix  so  as  to  show  the  inner  side  with  its  coarse  irreg- 
ular striate,  subcordate  visceral  cavity,  and  granuloee  surface.  So  far  as 
can  be  determined  from  this,  it  agrees  well  with  the  New  York  species. 

Localityy  same  as  last 

7.  Stbophodohta  Bsoku,  Hall  t 

The  specimen  referred  with  doubt  to  the  above  species,  is  imperfect, 
but  presents  the  same  general  outline,  and  flatness,  as  well  as  the  charac- 
teristic small  curving  concentric  wrinkles,  fine  stride,  and  even  traces  of 
the  flabelliform  visceral  scar,  of  the  New  York  shell. 

Localityy  same  as  last 

8.  Rhtnohonblla,  {sp.  undeL) 

A  single  specimen  of  a  ventral  valve  partly  embedded  in  the  matrix. 
Breadth,  0*42  inch  ;  length,  0*36  inch.  Mesial  sinus  broad  and  shallow ; 
surface  with  only  twenty  small  radiating  costs,  five  of  which  occupy  the 
mesial  sinus. 

Locality,  same  as  last 

0.   C(EL08PIRA  CONCAVA^  Hall. 

Several  specimens,  showing  both  sides,  agree  well  with  the  New  York 
species. 

Locality,  same  as  foregoing. 

10.  Spirifsr,  (sp,  nndet) 

Specimens,  partly  embedded,  closely  resemble  S.  perlamellosuSj  Hall, 
of  New  York  Catskill  Shaly  limestone. 
Locality,  same  as  last. 

11.  LoxoNEMAf  Kanbi,  Meck. 

An  internal  cast,  from  which  it  is  not  possible  to  determine,  beyond 
doubt,  whether  it  is  a  Loxonema,  or  a  Murchisonia.  Lenffth,  about  2*07 
inches ;  breadth,  0*75 ;  apical  angle,  20^.  Form  conoid-subfusiform ; 
consisting  of  about  six  convex  whorls,  separated  by  a  distinct  suture. 
Aperture  subovate;  last  turn  comparatively  rather  large;  surface  un- 
known. 

Named  in  honor  of  Dr.  Kane,  the  Arctic  explorer. 

Locality^  Cape  Frazier ;  between  lat  80®  and  81°,  long.  70**  W. 

12.  Obthoceras  {undetermined). 

The  specimen  is  too  imperfect  for  identification  with  any  known  spe- 
cies, or  be  characterized  as  new.  It  is  incomplete  at  both  extremities, 
and  partly  embedded  in  a  mass  of  limestone.  Entire  length  of  the  frag- 
ment, 2  inches ;  section  circular,  at  the  larger  end,  0*43  inch  in  diameter ; 
at  smaller  end,  0*15  inch.  Septate  throughout;  septa  numbering  five 
in  the  space  of  0*27  inch  at  larger  end.    Siphon  and  surface  unknown. 

Locality,  same  as  last. 

13.  Illjinus,  {sp.  undeL) 

Fragments  of  Uie  glabella,  and  a  movable  cheek,  apparently  of  a 
apecies  of  this  genus. 
Asc  JouB.  ScL— Sbcohd  Sbbibs,  Vol.  XL,  No.  lia— July,  1866. 
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From  the  foregoing  list,  it  is  believed  that  geologists  will  agree, 
that  the  rocks  at  this  highest  northern  locality  at  which  fossils 
have  ever  been  collected,  belong  to  the  Upper  Silurian  era. 
The  most  remarkable  fact,  however,  is,  that  they  are  nearly  all 
very  closely  allied  to,  and  some  of  them  apparently  in  all  respects 
undistinguishable  from,  species  found  in  the  Catskill  Shalv  lime- 
stone of  the  New  York  Lower  Helderberg  Group.  Indeed,  these 
shells  resemble  so  closely  Shaly  limestone  forms,  that  we  could 
scarcely  dismiss  the  impression  that  the  mass  of  limestone  in 
which  they  are  imbedded  might  be  a  New  York  specimen  that 
had  in  some  way  been  accidentally  mixed  with  those  from  the 
north  after  Dr.  Hays's  return,  until  assured  by  him  that  he  dis- 
tinctly remembered  collecting  it  at  the  Arctic  locality. 

We  are  aware  that  great  caution  is  necessary  in  pronouncing 
upon  the  identity  of  fossils  found  at  localities  separated  by  forty 
degrees  of  latitude,  without  a  good  series  of  specimens  for  com- 
parison ;  but,  whether  or  not  the  absolute  specific  identity  of 
any  of  these  Arctic  shells  with  New  York  species  be  admitted, 
in  their  unquestionably  close  affinities  to  the  New  York  forms 
alluded  to,  they  certainly  present  another  striking  evidence  of 
the  apparent  wonderful  uniformity  of  climatic  and  other  physical 
conditions  during  these  early  periods  of  our  earth's  history,  over 
the  whole  globe. 


Art.  V. — On  the  Replacement  of  one  Alcoholic  JRadical  by  another 
in  compounds  of  the  Ether  Class ;  by  C.  Friedel  and  J.  M. 
Crafts. 

While  engaged  in  the  study  of  the  ethers  of  silicic  acid,  we 

Si  ) 

noticed  that  the  normal  silicate  of  ethyl,*  (c  g;  \    f  Oi*  when 

it  was  heated  with  amylic  alcohol,  underwent  a  decomposition 
similar  to  that  which  would  have  been  effected  by  an  alkaline 
base ;  ethylic  alcohol  was  set  free,  and  ethers  containing  the  radi- 
cal arayl  were  formed ;  we  also  observed  a  decomposition,  at  the 
temperature  of  its  boiling  point,  of  a  mixed  silicate  of  ethvl 

Si  ) 

and  amyl,  (CaHJgVO^,  with  formation  of  silicate  of  ethyl 

and  silicate  of  amyl,  as  well  as  of  the  mixed  ethers  intermediate 
to  these  two.  We  considered  it  of  interest  to  determine  the 
conditions  under  which  reactions  of  this  nature  take  place,  es- 
pecially as  they  have  much  analogy  with  those  which  most  often 
occur  in  inorganic  chemistry,  namely,  the  action  of  a  base  upon 

'  The  atomic  weights  used  in  this  paper  are  H  =  1,  0  =  16,  C  =  12,  Si  =  28. 
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a  salt^  and  in  general  the  replacement  of  one  element  by  another, 
and  there  was  reason  to  hope  that  the  study  of  the  reactions  in 
which  these  organic  radicals  were  concerned  might  throw  some 
light  upon  those  in  which  their  types,  the  inorganic  elements, 
play  a  part 

In  the  present  research  we  have  confined  ourselyes  to  the 
study  of  a  few  compounds,  which  may  be  taken  as  representa- 
tives of  others  which  are  analogous,  and  have  endeavored  to 
solve  by  experiment  the  following  problems, 

1.  Is  the  replacement  of  the  alcoholic  radicals  by  each  other 
one  that  takes  place  readily  in  all  the  combinations  into  which 
they  enter;  or  is  it  peculiar  to  their  combinations  with  acids? 

2.  Is  one  alcoholic  radical  to  be  considered  as  playing  the 
part  of  a  stronger  base  than  another,  and  as  displacing  it  from 
its  combination  by  virtue  oT  a  stronger  affinity  for  the  body  with 
which  it  was  combined?  Or,  on  the  contrary,  is  the  change  of 
composition,  produced  by  heating  a  mixture  of  compounds  of 
several  radicals,  due  to  the  tendency  of  each  one  to  enter  into 
all  the  combinations  possible  to  it? 

In  order  to  answer  the  first  question,  we  have  examined — 1st, 
the  action  of  alcohols  on  the  ethers  of  various  acids;  2d,  the 
action  of  these  ethers  on  each  other :  and  3d,  the  action  on  each 
other  of  the  ethers,  properly  so  called.  The  second  question 
has  been,  at  least  partially,  answered  by  conducting  two  series 
of  experiments,  in  which  the  conditions  of  the  reaction  have 
been  reversed ;  as  for  example,  first  by  the  study  of  the  action 
of  amylic  alcohol  on  the  acetate  of  ethyl,  and  then  that  of 
etbylic  alcohol  on  the  acetate  of  amyl.  Great  care  has  been 
taken  to  ascertain  the  purity  of  the  preparations  employed,  and 
particularly  that  the  alcohols  were  anhydrous.* 

Action  of  amylic  alcohol  on  acetate  ofeihyL — A  mixture  of  equal 
parts,  by  weight,  of  the  two  bodies  was  sealed  in  a  stout  glass 
tube  by  means  of  the  blowpipe  lamp,  and  heated  during  forty- 
eight  hours  at  240^-260®  0.  Common  alcohol  was  set  free,  and 
could  easily  be  isolated  and  recognized  in  the  portion  of  the 
contents  of  the  tube*  which  distilled  at  the  lowest  temperature. 
The  portion  which  distilled  last  contained  acetate  of  amyl,  to- 
gether with  the  excess  of  amylic  alcohol  employed.  To  sepa- 
rate the  two,  advantage  was  taken  of  the  property  of  amylic 
alcohol  to  unite  readily  with  an  excess  of  sulphuric  acid  to  form 
amyl-sulphuric  acid  soluble  in  water,  while  acetate  of  amyl  is 
dissolved,  undecomposed  by  the  acid,  and  is  precipitated  by  di- 
luting the  solution  with  water.  [K  care  is  taken  not  to  allow 
the  temperature  of  a  mixture  of  amylic  alcohol,  with  several 

'  Tlie  beet  and  most  eoooomical  method  of  ol>tiiiiiiDg  an  aobydrous  alcohol  is, 
after  previous  rectification  oyer  quick  lime,  to  distil  it  with  a  quantity  of  sodium 
sufficient  to  destroy  the  smaU  amonnt  of  water  still  retained  by  it  The  excess  of 
sodium  employed  forms  an  alcoholate  of  sodium,  -which  is  not  decomposed  at  the 
point  of  ebuUition  of  the  alcohol. 
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times  its  weight  of  concentrated  sulphuric  acid,  to  rise  aboye 
60^-70°  C,  the  product  is  entirely  soluble  in  water.  At  a 
higher  temperature  insoluble  products,  sulphate  of  amyl  and 
amylic  ether,  are  formed.]  The  portion,  therefore,  of  the  con- 
tents of  the  tube,  whose  boiling  point  was  above  125®  C,  was 
treated  with  sulphuric  acid,  and  the  acetate  of  amyl,  precipitated 
by  the  addition  of  water,  was  again  treated  with  sulphunc  acid, 
and  again  precipitated  by  water.  This  operation  was  repeated 
three  times.  In  this  way  acetate  of  amyl  was  obtained,  distill- 
ing 186M88^  which  contained: 

Theory. 

C     =     64-Yl         .         .         64-62 
H    =     10-93     .        .        .    10-77 

The  quantity  of  acetate  of  amyl  formed  was  considerable,  but 
still  a  certain  portion  of  the  acetate  of -ethyl  remained  unchanged, 
although  amylic  alcohol  had  been  employed  in  excess. 

Action  of  common  alcohol  on  acetate  of  amyl* — Equal  parts  of 
each  were  heated  forty  hours  at  240®  C.  The  liquid  which  dis- 
tilled at  75°-90®  C,  was  washed  eight  times  with  a  saturated 
solution  of  common  salt,  to  free  it  from  alcohol,  and  dried  over 
chlorid  of  calcium.  After  being  thus  purified,  it  distilled  at 
74°-76°  C,  and  had  all  the  properties  of  acetate  of  ethyl.  An 
analysis  gave: 

Theory. 
C  =  63-81  -  -  54-64 
H    =z       9-60    -         .         .      909 

Thus  acetate  of  ethyl  was  formed  in  the  same  way  from  a  mix- 
ture of  acetate  of  amyl  and  common  alcohol,  that  acetate  of 
amyl  was  from  a  mixture  of  acetate  of  ethyl  and  amylic  alcohol. 
Action  of  amylic  alcohol  on  benzoate  of  ethyl — Equal  parts  of 
each,  heated  sixty  hours  at  210*^-240°  C,  gave  a  small  quantity 
of  an  ether,  distilling  at  251*^-258^,  which  answered  in  all  its 
properties  to  benzoate  of  amyl.    It  contained : 

Theory. 

C     =     74-47         -        .        7600 
H    =       8-2«    .         -        -      8-83 

W«  conclude  from  this  and  another  experiment,  which  was 

*  The  acetate  of  amyl,  obtained  at  differeot  times,  always  distilled  at  1 86^-1  S8^ 
C.  The  boilfng  point,  given  in  Gerfaardt,  about  1-26^,  and  l^t  determined  bgr 
Eopp,  188®,  differ  so  mnch  from  that  •observed  by  ^is  Hiat  we  thought  it  neceeaaiy 
to  aaaljEe  the  piodoct  used  in  these  experiments.  A  portion,  prepared  by  treatii^ 
one  part  amvlic  alcohol  with  one  part  crystalliaed  acetic  acid  and  two  parts  con- 
centrated sulphuric  acid,  at  a  temperature  below  70®  C,  after  having  heea  thor- 
oughly washed  with  water,  distilled  at  187^-186®  «iid  contained: 

Theory. 
0    =    64-81        -        -        -        64-62 
H    =«     11-06    ....    10-77 
Tbe-Mnyslic  aloohol  used  in  the  preparatioo  distilled  at  180M8I®,  and  ooDtikied: 

Theory. 
C     =    68-02        .        .        -        6818 
H    =    18^61    -       ^        .        .   1864 
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made  at  a  somewhat  lower  temperature,  and  where  only  traces 
of  benzoate  of  amyl  were  produced,  that  the  benzoate  of  ethyl 
is  decomposed  by  an  alcohol  with  more  difficulty  than  the  acetic 
ethers.  It  will  oe  remembered  that  this  body  is  also  less  easily 
decomposed  by  water  and  alkaline  bases  than  they ;  the  reac- 
tion, however,  takes  place,  and  the  extent  of  the  decomposition 
effected  is  without  doubt  only  a  question  of  time  and  temperature. 

We  next  studied  the  action  of  an  alcohol  on  the  ether  of  a 
bibasic  acid,  a  reaction  which  is  capable,  evidently,  of  giving 
rise  to  a  greater  number  of  products  than  those  which  were 
formed  in  the  preceding  cases;  for,  by  the  successive  replace- 
ment, by  another  radical,  of  each  equivalent  of  the  alcoholic 
radical  combined  with  the  acid,  first  a  mixed  ether,  and  then  an 
ether  containing  two  equivalents  of  the  other  radical  would  be 
formed.  Oxalic  ether,  which  is  easily  decomposed  by  water  and 
alkalies,  is  well  adapted  to  the  study  of  this  reaction. 

Action  of  amylic  alcohol  on  oxalcUe  of  ethyl — One  part  amylic 
alcohol  and  two  parts  oxalic  ether  were  heated  thirty -six  hours 
at  220*^-250**  0.  On  opening  the  tube,  carbonic  acid  and  car- 
bonic oxyd,  unmixed  with  any  hydrocarbon,  were  given  off, 
and  ordinary  ether  was  found  in  the  most  volatile  part  of  the 
liquid ;  thus  a  small  part  of  the  oxalate  of  ethyl  had  been  de- 
composed by  heat  into  carbonic  acid,  carbonic  oxyd  and  ether; 
but  the  contents  of  the  tube  were  not  acid,  and  this  decomposi- 
tion could  have  had  no  influence  on  the  reaction  we  were  study- 
ing. After  the  li(juid,  taken  from  the  tube,  had  undergone  sev- 
eral fractionated  distillations,  the  part  which  passed  below  90^  d 
consisted  of  a  mixture  of  ordinary  ether  and  alcohol.  The  alco- 
hol had  evidently  been  set  free  from  the  oxalic  ether  by  the 
action  of  amylic  alcohol.  It  was  isolated  from  the  common 
ether,  with  which  it  was  mixed,  by  treating  the  mixture  with 
an  aqueous  solution  of  salt,  and  distilling  to  regain  the  alcohol 
which  was  dissolved  in  the  saline  solution.  The  alcohol,  dis- 
tilled, was  treated  again  several  times  in  the  same  way.  After 
having  been  rectified  over  anhydrous  baryta,  it  boiled  at  78**, 
and  presented  the  characteristic  properties  of  ordinary  alcohol. 

The  portion  of  the  liquid  boiling  at  a  temperature  higher 
than  90  was  separated  by  fractionated  distillation  into  four  pro- 
ducts: amylic  alcohol,  oxalate  of  ethyl,  distilling  near  180®, 
oxalate  of  ethyl  and  amyl,  distilling  at  225°-288'',  and  oxalate 
of  amyl,  distilling  at  259-261**.    An  analysis  of  the  latter  gave : 

Theory. 
C  =  62-24  -  -  62-61 
H     =       9-49     -         -         -      9-56 

0,0,     ) 
The  mixed  ether,  C,H,    V  0„  boiling  at  225^-233®,  which  was 
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obtained  in  a  state  of  approximate  purity,  could  not  be  farther 
purified  by  repeated  distillations,  but  on  the  contrary,  when  dis- 
tilled by  itseli^  the  limits  of  temperature  within  which  it  passed 
became  wider  with  each  operation.  We  suppose  this  circum- 
stance to  arise  from  a  decomposition  of  the  body  by  heat,  and 
our  supposition  was  verified  by  the  result  of  an  experiment, 
where  we  heated  a  portion  of  this  product,  which  had  distilled 
at  230''-242°,  during  twenty-four  hours,  at  220°-250°  C,  in  a 
sealed  tube,  and  found  that  the  decomposition  had  advanced  so 
far  that  oxalate  of  ethyl  (boiling  at  180°),  and  oxalate  of  amyl 
(boiling  at  260°),  could  be  obtained  from  it  We  shall  publish 
the  details  of  experiments  with  the  ethers  of  a  quadribasic  acid 
in  a  paper  on  silicic  ethers. 

It  appears  from  the  experiment  with  the  mixed  oxalate  of 
ethyl  and  amyl,  that,  when  two  alcoholic  radicals  are  combined 
witn  a  single  bibasic  acid,  they  have  a  tendency,  at  a  high  tem- 
perature, to  displace  each  other,  so  that,  besides  the  portion  of 
the  mixed  ether  which  remains  unchanged,  compounds  of  the 
acid  with  two  equivalents  of  each  of  the  radicals  are  formed. 
When  two  ethers  containing  different  acids  and  different  alco- 
holic radicals  are  subjected  together  to  the  action  of  heat,  a  de- 
composition might  be  expected  with  production  of  two  new 
ethers,  each  acid  having  entered  into  combination  with  each 
alcohol.    This  reaction  actually  takes  place. 

Action  of  henzoate  of  ethyl  on  acetate  of  amyl, — The  two  ethers 
were  heated  several  hours  at  800°-310°  C,  and  the  acetate  of 
ethyl  and  benzoate  of  amyl  formed  were  isolated  and  analyzed. 

Acetate  of  ethyl,  boiling  point  about  74° : 

Theory. 
C  =  56-84  -  -  64-54 
H     =     10-09    -         -         -       9-09 

Benzoate  of  amyl,  boiling  point  about  250° : 


Theory. 

c 

ziz 

74-06 

- 

75-00 

H 

7"~ 

8-14    - 

- 

-       8-33 

In  another  experiment,  when  the  tube  was  heated  sixty  hours 
at  200°-240°,  the  quantity  of  these  ethers  formed  was  too  small 
to  admit  of  their  being  separated  from  the  other  products.  A 
very  high  temperature  or  a  great  length  of  time  therefore  is 
necessary  to  the  accomplishment  of  this  reaction.  The  ethers 
properly  60  called,  the  oxyds  of  alcoholic  radicals,  do  not  un- 
dergo a  similar  decomposition  except  perhaps  at  a  very  high 
temperature. 

dommon  ether  and  amylic  ether  were  heated  seventy-five  hours 
at  200°-250°  without  formation  of  a  mixed  ether. 

The  presence  of  water  in  the  products  employed  would  have 
taken  away  entirely  from  the  value  of  the  preceding  experi- 
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ments,  for  the  water  would  have  acted  upon  tbe  ether,  setting  free 
an  equivalent  of  acid,  which  would  have  combined  with  the 
alcohol,  setting  water  free  again,  so  that  the  transfer  of  the  acid 
from  one  alcoholic  radical  to  another  might  have  been  whoUj 
independent  of  the  reaction  we  were  studying;  each  of  the 
tub€»,  after  having  been  heated,  was  therefore  examined  with 
very  sensitive  litmus  paper,  which  was  left  in  the  liquid  several 
minutes.    In  no  case  was  there  a  trace  of  acid  reaction  observed. 

If  we  refer  to  these  experiments  for  an  answer  to  the  ques- 
tions proposed  at  the  beginning  of  the  memoir,  we  find :  1st. 
That  the  reaction  which  we  have  considered  takes  place,  at  a 
temperature  in  the  neighborhood  of  250*^  C,  between  an  alcohol 
and  the  ether  of  an  acid,  or  between  two  ethers  of  acids,  and 
also,  that  a  similar  decomposition  takes  place  when  the  mixed 
ether  of  a  polybasic  acid  is  heated  by  itself.  That  it  does  not 
take  place  at  all,  or  only  with  great  difficulty,  when  the  ethers 
(oxyas)  of  alcoholic  radicals  are  heated  with  one  another.  That 
the  reaction  takes  place  most  readily  with  those  ethers  that  are 
most  easily  decomposed  by  water  ana  other  reagents.  2d.  That 
the  character  of  the  reaction  indicates  that  it  is  not  dependent 
upon  elective  affinity,  but  simply  on  a  tendency  of  each  radical 
to  unite  with  all  the  others  present,  and  thus  to  form  the  great- 
est number  of  compounds  possible. 

It  has  lon^  been  a  point,  upon  which  the  opinion  of  chemists 
has  been  undecided,  whether  two  salts  in  solution  undergo  mu- 
tual decomposition,  so  that  a  portion  of  each  acid  combines  with 
a  portion  of  each  base,  or  whether  the  salts  remain  in  their 
primitive  condition.  Late  researches*  seem  to  render  probable 
the  first  view  of  the  subject,  so  that,  for  example,  a  solution  of 
nitrate  of  potash  and  sulphate  of  magnesia  would  be  found  to 
contain  the  sulphates  of  potash  and  magnesia  and  the  nitrates  of 
these  bases  if  there  were  any  means  of  directly  separating  all 
these  salts ;  the  separation  is  however  impossible,  and  the  state 
of  combination  of  each  element  in  the  solution  must  be  deduced 
from  an  examination  of  its  physical  properties.  With  many 
compounds  of  organic  chemistry,  however,  when  it  is  sought  to 
separate  products  formed  under  similar  circumstances,  and  be- 
longing to  the  same  class  as  salts  in  inorganic  chemistry,  advan- 
tage may  be  taken  of  the  diffisrences  in  the  boiling  points  of 
the  products  to  isolate  each  one  by  fractionated  distillation ;  and 
also,  a  peculiar  and  characteristic  property  of  organic  bodies  fre- 
quently aids  in  rendering  a  separation  of  this  nature  easy, 
namely,  the  slowness  with  which  they  experience  intermolecular 
changes.  Thus,  the  mixed  oxalate  of  ethyl  and  amyl  can  be 
obtained,  by  a  single  distillation,  in  a  state  of  approximative 

*  Qladstone,  Jooro.  Chem.  Soc,  zr,  802. 
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parity,  from  the  products  of  the  reaction  of  oxalate  of  amyl  on 
oxalate  of  ethyl,  although,  when  it  is  isolated  and  heated  alone 
for  a  certain  length  of  time,  it  is  resolved  in  part  into  the  bodies 
from  which  it  was  formed.  It  is  this  last  mentioned  property 
of  compounds  of  the  ether  class  together  with  their  volatility, 
which  render  them  peculiarly  fitted  as  material  for  the  study  of 
reactions  like  those  which  we  have  been  considering ;  and  the 
results,  obtained  by  such  a  study,  are  not  without  weight  in  ques- 
tions concerning  inorganic  compounds,  for  the  analogies  between 
the  elementary  bodies  and  the  organic  radicals,  which  play  the 
same  part  as  elements  in  a  large  number  of  reactions,  are  be- 
coming every  day  more  numerous  with  the  advance  of  chemical 
science,  and  the  barrier  which  separates  the  two  branches  of 
chemistry  is  now  nothing  more  than  a  line  of  division  in  an  ar- 
tificial classification,  which,  notwithstanding  its  many  advan- 
tages, has  the  demerit  of  separating  too  widely  phenomena  which 
are  dependant  on  the  same  general  laws. 


Art.  VI. — On  Etherification  ;  by  C.  Friedel  and  J.  M.  Crafts. 

With  the  purpose  of  extending  our  observations  on  the  class 
of  reactions  described  in  the  preceding  paper,  we  undertook 
similar  experiments  with  the  chlorids  and  lodids  of  alcoholic 
radicals;  but  we  soon  recognized  that,  although  these  bodies 
are  easily  decomposed  by  an  alcohol  at  a  comparatively  low 
temperature,  the.  reaction  is  quite  different  from  the  one  before 
described. 

Two  tubes  were  heated  twenty-four  hours  at  160^-180*^  O. 
The  first  contained  iodid  of  amyl-  with  one-half  its  weight  of 
common  alcohol ;  the  second  contained  iodid  of  ethyl  with  an 
equal  weight  of  amylic  alcohol.  The  contents  of  the  tubes  be- 
came strongly  acid,  and  a  layer  of  water,  containing  iodhydrio 
acid  in  solution,  separated  on  the  surface  of  the  liquid  in  each 
of  them. 

The  liquid  was  washed  with  water  to  free  it  from  iodhydrio 
acid,  and,  as  the  iodids  are  not  acted  upon  by  concentrated  sul- 
phuric acid,  this  agent  was  employed  to  separate  them  fit>m  the 
other  products.  The  iodids,  separated  by  decantation  from  the 
sulphuric  acid,  underwent  several  fractionated  distillations.  The 
contents  of  the  first  tube  gave  a  small  quantity  of  a  liauid,  boil- 
ing at  72''-75**,  which  possessed  the  properties  of  iodid  of  ethyl 
[true  boiling  point  =72®*2],  and  from  the  second  tube  iodid  of 
amyl,  boiling  at  146^  [true  boiling  point  =146^],  was  obtained. 
Analyses  were  made  of  these  products,  which  corresponded 
sufficiently  with  the  true  composition  to  leave  no  doubt  as  to 
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the  identity  of  the  bodies.  The  quantity  of  these  iodids  whioh 
was  obtained  was,  however,  comparatively  small ;  in  each  of 
the  tubes  the  principal  portion  of  the  reaction  was  an  ether, 
which  was  regained  from  the  sulphuric  acid  employed  in  purify- 
ing the  iodids,  by  the  addition  of  water. 

The  ether  obtained  in  this  manner  was  not  pure,  being  mixed 
with  a  small  c^uantity  of  the  iodids,  and  with  traces  of  the  alco- 
hols, but  it  distilled  in  greater  part  at  100^-120°,  and  after  a 
few  fractionated  distillations  a  large  quantity  of  a  product  whose 
boiling  point  was  near  110°  was  obtained.  In  order  to  rid  this 
product  of  the  iodids  with  which  it  was  mixed,  it  was  heated 
some  time  with  -sodium ;  the  iodids  were  destroyed  with  forma- 
tion of  iodid  of  sodium  and  the  radicals  ethyl  and  amyl.  From 
these  latter  the  ether  was  freed  by  repeated  fractionated  distilla- 
tion as  far  as  possible,  but  the  analyses  below  show  that  the 
body  was  not  perfectly  pure ;  the  traces  of  these  hydrocarbons 
which  it  contained  was  not,  however,  sufficient  to  leave  any 
doubt  as  to  its  identity  with  the  mixed  oxyd  of  ethyl  and  amy], 

Q«2«    I  0.    It  distilled  at  110^-118'*  (true  boiling  point  =112*^). 

Analysis  i  is  of  the  product  obtained  from  the  tube  contain- 
ing iodid  of  amyl  and  common  alcohol ;  analysis  ii,  of  that  ob- 
tained from  iodid  of  ethyl  and  amylic  alcohol. 

L  IL  Theory. 

C      =     73-53  72-55  72-41 

H     =     14-30  14-22  13-79 

The  ether  could  only  have  contained  a  trace  of  an  alcohol,  but, 
as  the  action  of  sooium  of  a  mixture  of  an  alcohol  with  the 
iodid  of  the  radical  of  another  alcohol  gives  rise  to  a  mixed 
ether,  we  repeated  the  experiment,  taking  care  to  destroy  the 
alcohol  more  completely  by  repeated  treatments  with  concentra- 
ted sulphuric  acid  before  acting  upon  the  iodid  with  sodium,  but 
we  did  not  observe  that  the  quantity  of  mixed  ether  formed  was 
diminished  after  this  precaution  had  been  taken. 

In  the  foregoing  experiments  common  ether  as  well  as  amylic 
ether  were  formed,  but  in  much  smaller  quantity  than  the  mixed 
ether.  The  principal  reaction  which  took  place  in  the  tubes  is 
therefore  expressea  by  the  equation: 

g|e    +    R'l    =    |,|0    +    HI. 

The  iodhydric  acid  in  presence  of  an  excess  of  alcohol  would 

five  rise  to  the  formation  of  water  and  of  the  iodid  of  the  alco- 
olic  radical, 


l\o 


+    HI    =    RI    +    H3O, 
and  the  iodid  would  in  this  manner  be  continually  decomposed 

Am.  Joub.  Sci.— Sboond  Sbribs,  Vol.  XL,  No.  118.--July,  1865. 
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and  reformed  as  long  as  any  alcohol  ren^ained.  The  iodhydric 
acid  would  also  decompose  a  certain  portion  of  the  ether  formed, 
in  the  same  manner  as  it  decomposes  an  alcohol,  but  less  readily. 

It  is  not  necessary  to  suppose  that  the  decomposition  and  re- 
composition  of  the  iodid  are  dependent  upon  successive  reac- 
tions ;  it  is  on  the  contrary  certain,  that  at  any  given  moment  all 
the  above  mentioned  reactions  take  place  simultaneously,  and 
that  the  mass  of  each  body  entering  into  them  at  that  moment 
determines  the  relative  amount  of  their  products. 

The  fact  that  the  principal  product  of  the  reaction  of  the  iodid 
of  an  alcoholic  radical  upon  the  alcohol  of  another  radical  is  a 
mixed  ether  can  only  be  interpreted  by  the  first  of  the  preced- 
ing equationSj  and  this  manner  of  viewing  the  reaction  is  of 
some  importance  in  its  bearing  on  the  theory  of  etherification, 
as  aflfording  evidence  in  support  of  a  theory,  already  advanced 
by  Reynoso*  and  others,  which  refers  to  a  simple  chemical  re- 
action, the  etherification  by  so-called  catalytic  action  of  chlorids, 
bromids,  and  iodids  on  alcohols.  We  have  been  able  to  demon- 
strate in  the  preceding  experiments,  that  the  first  stage  of  the 
reaction,  the  replacement  of  the  hydrogen  of  the  alcohol  by 
the  radical  combined  with  the  iodid,  actually  takes  place  in  a 
manner  which  accords  with  the  theory  of  Reynoso.  The  prop- 
erty, which  the  chlorids,  bromids  and  iodids  of  alcoholic  radi- 
cals, as  well  as  of  metals,  possess,  of  transforming  an  unlimited 
quantity  of  an  alcohol  into  an  ether  is  comparable  to  that  of 
ferments,  in  so  far  that  a  chanee  of  composition  is  wrought  in  a 
large  quantity  of  matter  by  a  Dody,  which  seems  in  itself  to  be 
inactive,  and  the  explanation  of  phenomena  of  this  class  was 
sought  in  a  mysterious  influence,  exerted  by  the  presence  of  the 
body,  which  brought  about  a  change  without  seeming  to  sufler 
one  itself;  but  the  remarkable  researches  of  Pasteur  have  led 
to  the  discovery  of  an  explanation  of  the  process  of  fermenta- 
tion in  the  physiological  action  exercised  by  the  fermenting 
matter  on  one  another ;  the  etherification  of  alcohols  by  bodies 
which  are  not  destroyed  at  the  end  of  the  process,  also,  admits 
of  a  simple  explanation,  founded  on  known  chemical  laws,  and 
there  is  reason  to  hope  that  the  name  catalysis  will  eventually 
be  banished  from  scientific  language  by  a  closer  study  of  the 
reactions,  which  have  been  designated  by  this  term  in  default  of 
a  knowledge  of  their  true  character. 

These  researches  have  been  made  in  the  laboratory  of  Profes- 
sor Wurtz. 

PariB,  March  let,  1866. 

>  Add.  de  Ohim.  et  Pbyi.,  1866. 
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Art.  Vn. — Ooniributions  to  the  Chemistry 4?/ Natural  Waters;  by 
T.  Stkrrt  Hunt,  AM.,  F.RS. :  of  the  Geological  Survey  of 
Canada. 

n. 

Analyses  of  various  Natural  Waters. 

CoHTisiTS  OF  'SsonoNs. — 85,  mode  of  analysis,  date  of  collection ;  86,  waters  of  the 
first  class;  87,  their  probable  origin,  the  elimination  of  sulphates;  88,  separation 
of  lime-salts  from  waters ;  89,  earthy  chlorids  in  saliferous  formations ;  brines  of 
New  York,  Michigan,  and  England ;  foot-note  on  errors  in  water-analyses ;  40, 
brines  of  western  Pennsylvania ;  waters  in  which  chlorid  of  calcium  predomi- 
nates ;  41,  origin  of  such  waters;  separation  of  magnesia  as  an  insoluble  silicate ; 
42,  waters  of  the  second  class;  48,  waters  of  the  third  class ;  44,  waters  of  the 
fourth  class;  Charobly ;  45,  other  waters  of  the  same  class;  Ottawa  River;  46, 
waters  of  Highgate  and  Alburg ;  47,  changes  in  the  Caledonian  waters;  compar- 
ative analyses ;  48,  waters  of  the  fifth  class;  sulphuric-acid  springs  of  New  York 
and  Canada ;  49,  changes  in  composition,  action  on  calcareous  strata ;  50,  waters 
of  the  sixth  class,  their  various  sources ;  61,  neutral  sulphated  waters. 

§  35.  The  analyses  of  the  various  mineral  waters  to  be  given 
in  the  second  part  of  the  present  paper,  were  made  according  to 
the  modes  laia  down  in  the  treatise  of  Fresenius  on  Quantitative 
Analysis.  The  carbonate  of  soda  in  the  alkaline  waters  was  de- 
termined by  the  excess  of  the  alkaline  bases  over  the  chlorine 
and  sulphuric  acid  present.  This  was  generally  controlled  by 
the  amount  of  the  carbonate  of  baryta  thrown  down  from  a  so- 
lution of  chlorid  of  barium  by  a  solution  of  the  soluble  salts 
obtained  by  the  evaporation  of  the  mineral  water ;  and  in  some 
cases,  to  be  specified  farther  on,  this  latter  process  was  relied  on 
as  the  only  means  of  determining  the  amount  of  carbonate  of 
soda.  For  remarks  on  the  earthy  carbonates  of  the  waters,  and 
their  relation  to  the  results  of  analysis,  see  Part  III  of  this  paper. 

The  date  at  which  the  various  waters  were  collected  for  analy- 
sis is  in  each  case  appended  to  the  notice  of  the  spring.  This  is 
of  the  greater  importance,  inasmuch  as  it  will  be  shown  that,  in 
the  course  of  years,  some  of  the  springs  here  described  have 
suffered  considerable  changes  in  their  composition. 

§  86.  In  the  following  table  are  given  the  analyses  of  several 
waters  belonging  to  the  first  class  as  defined  in  §  84.* 

1.  This  water  is  from  a  well  thirty  feet  in  depth,  near  the  vil- 
lage of  Ancaster,  on  the  western  shore  of  Lake  Ontario.  It  is 
sunk  in  the  Niagara  formation ;  but  like  the  other  waters  of  this 
class,  probably  has  its  source  in  the  Lower  Silurian  limestones. 
The  water  rises  nearly  to  the  surface,  but  there  is  no  perceptible 
discharge.  Its  temperature  was  found  to  be  48°  F.  when  col- 
lected for  analysis  in  September,  1847. 

^  Of  the  thirty-seven  analyses  oi  waters  here  given,  ten  have  already  appeared 
In  this  Joamal,  [2],  yiii,  iz,  zi ;  but  for  the  purposes  of  comparison  it  is  thought  well 
to  reproduce  them  in  the  present  connection.  Of  the  others  the  greater  part  have 
appeared  in  the  Otology  of  Ctmada,  bat  aereral  are  now  for  the  first  time  in  piipt 
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Table  I.- 

—Waters  of  the  ftrst 

Class. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

a 

Chlorid  of  Bodiam... 
**      potassiuiii. . . 
•*      calcium .  •  • .  • 

Bromid  of  sodiuia. . . 
lodid  of  sodium ..... 

17-8280 
•0920 

128027 

5-0787 

-1178 

18-9158 

traces. 

17-5315 

9-5487 

•2482 

-0008 

38-7815 
traces. 
15-9280 
12-9060 
•4685 
•0183 

17^4000 
undet 
9-2050 
94848 
undet 
ft 

29-8084 

•8555 

1 4^8544 

8-8977 

uodet 

•0042 

21923 

19-94 

ond't 

6-49 

1-96 

ond't 

1*77 

29-864 
undet. 
12-489 
7-  88 
undet 

u 

•954 

•870 

1-287 

7-227 

undet 

2-102 

1-768 

undet 

M 

2-888 
-400 

•  .  .   a 

Sulphate  of  lime.... 
Caroonate  of  lime. . . 

*(          roagDesia. 

„         <  baryta  <t 
(  strontia . 

•7767 
traces. 

-0411 
•0227 

undet. 



In  1000  parts 

86-6909 

46-8038 

68^0423 

36-0893 

50^6075 

30^15 

52^247 

13-880 

2.  This  water  is  from  a  copious  spring  which  issues  from  the 
limestones  of  the  Trenton  group  at  W  hitby,  on  the  north  shore 
of  Lake  Ontario.  It  contained  small  portions  of  barjta  and 
strontia,  and  was  collected  in  October,  1853. 

8,  4.  Several  wells  have  been  sunk  in  the  Trenton  limestone 
in  the  township  of  Hallo  well,  on  the  Bay  of  Quints,  Lake  On- 
tario, in  search  of  brine  for  salt-making,  and  have  yielded  bitter 
saline  waters,  of  which  the  two  here  noticed  are  examples.  No. 
8  was  obtained  from  a  well  twenty-seven  feet  deep,  in  October, 
1858.  No.  4  was  taken  in  the  summer  of  1854  from  a  well  a 
mile  or  two  distant  from^the  last  Neither  of  these  waters  was 
examined  for  baryta  or  strontia. 

5,  6.  At  St  Catherines,  near  Niagara  Falls,  a  boring  of  five 
inches  in  diameter  was  carried  to  a  depth  of  about  500  ^t,  and, 
after  traversing  the  Medina  formation,  is  said  to  have  penetrated 
fifty  or  sixty  feet  into  the  Hudson  Eiver  shales.  It  yields  abont 
twenty  gallons  a  minute  of  a  saline  water,  whose  analysis  by 
Professor  Croft  of  the  University  of  Toronto,  a  few  years  since, 
afforded  the  results  given  under  5.  This  water,  which  was  first 
sought  for  the  manu&cture  of  salt,  is  now  mucn  used  for  medi- 
cinal purposes.  Its  strength  seems  subject  to  some  variation, 
since  a  specimen  from  the  same  well  in  December,  1861,  gave  me, 
by  a  partial  analysis,  chlorid  of  sodium  28*00,  chlorid  of  calcium 
9-66,  chlorid  of  magnesium  2*40,  sulphate  of  lime  1-75 =86-81 
parts  in  1000.  No.  6,  examined  at  the  same  time,  is  from  a  sec- 
ond well  sunk  in  1861,  not  far  from  the  last. 

7,  8.  These  are  analyses  of  the  waters  from  two  borings  in  the 
Trenton  limestone  at  Morton's  distillery  in  Kingston.  The 
analyses  are  by  Dr.  Williamson  of  Queen's  College  in  that  city, 
and  were  made  probably  ten  or  twelve  years  since.  They  have 
been  recalculated  so  as  to  represent  the  whole  of  the  sulphuric 
acid  as  combined  with  calcium.  The  first  of  these  waters  gave 
.to  Dr.  Williamson  both  bromine  and  iodine,  and  the  second  was 
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found  to  be  sulphurous.  These  waters  differ  from  the  preceding 
in  containing  considerable  amounts  of  earthy  carbonates,  and  in 
this  respect  are  related  to  those  of  the  second  class,  while  they 
still  show  a  large  predominance  of  earthy  chlorids. 

§  87.  The  waters  of  the  above  table  contain,  besides  chlorid  of 
sodium  and  a  little  chlorid  of  potassium,  large  quantities  of  the 
chlorids  of  calcium  and  magnesium,  amounting  together,  in  sev* 
eral  cases,  to  more  than  one  half  the  solid  contents  of  the  water. 
Sulphates  either  are  absent,  or  occur  only  in  small  quantities, 
and  the  same  is  true  of  earthy  carbonates.  Salts  of  baryta  and 
strontia  are  sometimes  present,  while  the  proportions  of  bromids 
and  iodids,  though  variable,  are  often  considerable. 

In  the  large  amount  of  magnesian  chlorid  which  they  contain 
these  waters  resemble  the  bittern  or  mother-liquor  whicn  remains 
after  the  greater  part  of  the  chlorid  of  sodium  has  been  removed 
from  sea-water  by  evaporation.  The  bitterns  from  modern  seas, 
however,  differ  in  the  presence  of  sulphates,  and  in  containing, 
when  sufficiently  concentrated,  only  traces  of  lime.  The  reason 
of  this,  as  already  pointed  out  in  §  22,  is  to  be  found  in  the  fact 
that  in  the  waters  of  the  present  ocean  the  sulphates  are  much 
more  than  equivalent  to  the  lime,  so  that  this  base  separates 
during  evaporation  as  gypsum.'  But,  as  shown  in  §28  and  §  24, 
the  waters  of  the  ancient  seas,  which  held  in  the  form  of  the 
chlorid  of  calcium  the  greater  part  of  the  lime  since  deposited 
as  carbonate,  must  have  yielded  by  evaj)oration  bitterns  contain- 
ing a  large  proportion  of  chlorid  of  calcium.  Such  is  the  na- 
ture of  the  brines  whose  analyses  are  given  in  the  above  table, 
and  such  we  suppose  to  have  been  their  origin.  The  complete 
absence  of  sulphates  from  many  of  these  waters  points  to  the 
separation  of  large  quantities  of  earthy  sulphates  in  the  Lower 
Silurian  strata  from  which  these  saline  springs  issue ;  and  the 
presence  in  many  of  the  dolomitic  beds  or  the  Calciferous  sand- 
rock  of  abundantly  disseminated  small  masses  of  gypsum,  is  an 
evidence  of  the  elimination  of  the  sulphates  by  evaporation. 
The  frequent  occurrence  of  crystalline  masses  of  sulphate  of 
strontian  in  the  Chazy  and  Black  Eiver  limestones  of  this 
region,  is  also  to  be  noted  as  another  means  by  which  the  sul- 
phates were  separated  from  the  waters  of  the  Lower  Silurian 
seas.  From  the  proportions  of  chlorid  of  sodium,  varying  from 
about  one-third  to  more  than  two-thirds  of  the  solid  contents  of 
the  above  waters,  it  is  apparent  that  in  most  cases  the  process 
of  evaporation  had  gone  so  far  as  to  separate  a  part  of  the  com- 
mon salt ;  and  thus  successive  strata  of  this  ancient  saliferous 
formation  must  be  impregnated  with  solid  or  dissolved  salts  of 
unlike  composition.  The  mingling  of  these  in  varying  propor- 
tions affords  the  only  apparent  explanation  of  the  differences  in 

*  See  fiulher  on  this  point,  Bischof,  Chem.  Qeology,  i,  418. 
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the  relative  amounts  of  the  several  chlorids  in  waters  from  the 
same  region,  and  even  from  adjacent  sources.  These  differences 
are  seen  on  comparing  the  waters  from  the  different  wells  of  St. 
Catherines,  Hallowell  and  Kingston,  with  each  other. 

§  88.  The  great  solubility  of  chlorid  of  calcium  renders  it 
difficult  to  suppose  its  separation  from  the  mother-liquors  so  as 
to  be  deposited  in  a  solid  state  in  the  strata.  The  same  remark 
applies  to  chlorid  of  magnesium.  It  is,  however,  to  be  remarked 
that  the  double  chlorid  of  potassium  and  magnesium  (carnallite) 
is  decomposed  by  deliquesence  into  solid  chlorid  of  potassium 
and  a  solution  of  chlorid  of  magnesium ;  and  thus  strata  like 
those  which  at  Stassfurth  contain  large  quantities  of  carnallite, 
(§  22,)  might  give  rise  to  solutions  of  magnesian  chlorid.  This, 
however,  would  require  the  presence  of  a  large  amount  of  chlorid 
of  potassium  in  the  early  seas.  It  will  be  observed,  by  referring 
to  the  analyses  above  given,  that  the  chlorid  of  magnesium 
sometimes  surpasses  in  amount  the  chlorid  of  calcium,  and  some- 
times, on  the  contrary,  is  equal  to  only  one-half  or  one-fourth  of 
the  latter  salt  While  it  is  not  impossible  that  the  predominance 
of  the  magnesian  chlorid  in  some  waters  may  be  traced  to  the 
decomposition  of  carnallite,  it  is  undoubtedly  in  most  cases  con- 
nected with  the  action  of  solutions  of  carbonate  of  soda,  the 
effect  of  which,  as  already  pointed  out,  is  to  first  separate  the 
soluble  lime-salt  as  carbonate,  leaving  to  a  subsequent  stage  the 
magnesia  chlorid.  (§  18.)  As  this  reaction  replaces  the  lime-salts 
by  chlorid  of  sodium,  it  might  be  expected  that  there  would  ba 
an  increase  in  the  amount  of  the  latter  salt  in  the  water  wher- 
ever the  magnesian  chlorid  predominates,  did  we  not  remember 
that  evaporation  separates  it  from  the  water  in  a  solid  form ;  and 
that  the  two  processes,  one  of  which  replaces  the  chlorid  of  cal- 
cium by  chlorid  of  sodium,  while  the  other  eliminates  the  latter 
salt  from  the  solution,  might  have  been  going  on  simultaneouslv 
or  alternately.  As  the  nature  of  the  waters  now  under  consid- 
eration shows  that  the  process  of  evaporation  had  been  carried 
so  far  as  to  separate  the  sulphate  in  the  form  of  gypsum,  and 
probably  also  a  portion  of  the  chlorid  of  sodium  in  a  solid  state, 
It  is  evident  that  we  have  not  yet  the  data  necessary  for  deter- 
mining the  composition  of  the  water  of  the  Lower  Silurian 
ocean,  as  regards  the  proportions  of  the  sodium,  calcium  and 
magnesium  which  it  held  in  solution ;  and  we  can  only  conclude, 
from  these  mother-liquors,  that  the  amount  of  the  earthy  bases 
was  relatively  very  large. 

§  89.  As  already  remarked  in  §  22,  the  mother-liquor  from 
modern  sea-water  contains  no  chlorid  of  calcium,  but,  on  the 
contrary,  large  quantities  of  sulphate  of  magnesia ;  the  lime  in 
the  modem  ocean  being  less  than  one-half  that  required  to  com- 
bine with  the  sulphate  present.    I^  however,  we  examine  the 
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numerous  analyses  of  rock-salt  and  of  brines  from  various  salif- 
erous  formations,  we  shall  find  that  chlorid  of  calcium  is  verj 
frequently  present  in  both  of  them ;  thus  supporting  the  con- 
clusions already  announced  in  §  24  with  regard  to  the  composi- 
tion of  the  seas  of  former  geological  periods.  The  oldest  salif- 
erous  formation  which  has  been  hitherto  investigated  is  the 
Onondaga  salt-group  of  the  New  York  geologists,  which  belongs 
to  the  upper  part  of  the  Silurian  series,  and  supplies  the  almost 
saturated  brines  of  Syracuse  and  Salina  in  New  York.  These, 
notwithstanding  their  great  purity,  contain  small  proportions  of 
cblorids  of  calcium  ana  magnesium,  as  shown  by  the  analyses  of 
Beck,  and  the  recent  and  careful  examinations  of  Goessmann. 
In  the  brines  of  that  region  the  solid  matters  are  equal  to  from 
14*3  to  16*7  per  cent,  and  contain  on  an  average,  according  to 
the  latter  chemist,  1-54  sulphate  of  lime,  0  93  chlorid  of  calci- 
um, and  0*88  chlorid  of  magnesium  in  100*00 ;  the  remainder 
being  chlorid  of  sodium.* 

The  nearly  saturated  brines  from  the  Saginaw  valley  in  Mich- 
igan, which  have  their  source  at  the  base  of  the  Carboniferous 
series,  contain,  according  to  my  calculation  from  an  analysis  by 
Prof.  Dubois,  in  100*00  parts  of  solid  matters,  chlorid  of  calci- 
um 9"81 ;  chlorid  of  magnesium  7*61 ;  sulphate  of  lime  2*20; 
the  remainder  being  chiefly  chlorid  of  sodium.  Another  well 
in  the  same  vicinity  gave  to  Chilton  an  amount  of  chlorid  of 
oalcium  equal  to  3*76  per  cent^  In  a  specimen  of  salt  manu- 
factured in  this  region  Groessmann  found  1*09  of  chlorid  of  calci- 
um ;  and  in  two  specimens  of  Ohio  salt,  0  61  and  1'43  per  cent 
of  the  same  chlond.  The  rock-salt  from  the  Lias  of  Cheshire, 
according  to  Nichol,  contains  small  cavities,  partly  filled  with 
air,  and  partly  with  a  concentrated  solution  of  chlorid  of  mag- 
nesium, with  some  chlorid  of  calcium.* 

'  Goessmann.  Report  on  the  brines  of  Onondaga:  Syracuse,  1862  and  1864. 
Also  Report  on  the  Onondaga  Salt  Co.:  Syracuse,  1862. 

*  Winchell:  this  Journal.  [2],  xxxiv.  311. 

*  Oited  by  Bischof,  Lehrbuch  ii.  1671.  The  results  of  the  analyses  by  Mr.  North- 
oote  of  the  brines  of  Droit wich  and  Stoke  in  the  same  region  (L.  E.  <k  D.  Philos, 
Mag.  [4],  iz,  82,)  as  calculated  by  him,  show  no  earthy  chlorids  whatever,  and  no 
carbonate  of  lime,  but  carbonates  of  soda  and  magnesia,  and  sulphates  of  soda  and 
lime.  He  regarded  the  whole  of  the  lime  present  in  the  water  as  beiiie  in  the  form 
of  sulphate.  If,  however,  we  replace,  in  calculating  these  analyses,  the  carbonate 
of  soaa  and  sulphate  of  lime  by  sulphate  of  soda  and  carbonate  of  lime,  we  shall 
have,  for  the  contents  of  these  brines,  chlorid  of  sodium,  with  notable  quantities  of 
sulphate  of  soda,  some  sulphate  of  lime,  and  carbonates  both  of  lime  and  mag- 
nesia ;  a  composition  which  is  more  in  accordance  with  the  admitted  laws  of  chemi- 
cal combinations.  From  these  results  it  would  appear  that  the  earthy  chlorids, 
which  according  to  Nichol  are  present  in  the  rock-salt  of  this  formation,  are  decom- 
posed by  sulphates  in  the  waters  which,  by  dissolving  the  salt,  give  rise  to  the  brines. 

It  is  to  be  regretted  that  in  many  water  analyses  by  chemists  of  note  the  resulta 
are  so  calculated  as  to  represent  the  coexistence  of  incompatible  salts.  Of  the as- 
•odation  of  carbonates  of  soda  and  magnesia  with  sulphate  of  lime,  as  in  the  anal- 
ymM  just  noted,  it  might  be  said  that  I  have  shown  that  it  may  occur  in  the  presence 
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%  40.  The  brines  from  the  valley  of  the  Alleghany  Riyer,  ob- 
tained from  borings  in  the  Coal  formation,  are  remarkable  for 
containing  large  proportions  of  chlorids  of  calcium  and  mag- 
nesium, though  the  sum  of  these,  according  to^the  analyses  of 
Lenny,  is  never  equal  to  more  t^an  about  one-fourth  of  the 
chlorid  of  sodium.  The  presence  of  salts  of  barium  and  stron- 
tium in  these  brines,  and  the  consequent  absence  of  sulphates  is, 
according  to  Lenny,  a  constant  character  in  this  region  over  an 
area  of  two  thousand  square  miles.  (See  Bischof,  Chem.  Geol. 
i,  377).  A  later  analysis  of  another  one  of  these  waters  from 
the  same  region,  by  Steiner,  is  cited  by  Will  and  Kopp,  Jahres- 
bericht,  1861,  p.  1112.  His  results  agree  closely  with  those  of 
Lenny.  See  also  the  analysis  of  a  bittern  from  this  region  by 
Boy6  (this  Journal,  [2],  vii,  74). 

These  remarkable  waters  approach  in  character  to  those  of 
Whitby  and  Hallowell;  but  in  these  the  chlorid  of  sodium 
forms  onlv  about  one-half  the  solid  contents,  and  the  proportion 
of  the  chlorid  of  magnesium  to  the  chlorid  of  calcium  is  rela- 
tively much  greater  than  in  the  waters  from  western  Pennsyl- 
vania, where  the  magnesian  chlorid  is  equal  only  to  from  one- 
third  to  one-fifth  of  the  chlorid  of  calcium ;  the  proportions  of 
the  two  being  subject  in  both  re^ons  to  considerable  variationa 

In  this  connection  may  be  cited  a  water  from  Bras  d'Or,  in 
the  island  of  Cape  Breton,  lately  analyzed  by  Prof.  How,  which 
contains,  in  1000  parts,  chlorid  of  sodium  4*901,  chlorid  of  po- 
tassium 0*660,  chlorid  of  calcium  4*418,  and  chlorid  of  magne- 
sium only  0*638,  besides  sulphate  of  lime  0*184,  carbonates  of 
lime  and  magnesia  0*086,  with  traces  of  iron-oxyd  and  phosphates 
=10*821.  (Can.  Naturalist,  viii,  870.)  The  analyses  of  European 
waters  furnish  comparatively  few  examples  of  the  predominanoe 
of  earthy  chlorids.' 

§  41.  We  have  already  shown  in  §  88  how  the  action  of  car- 
bonate of  soda  upon  sea-water  or  bittern  will  destroy  the  nor- 

of  an  excess  of  carbonic  acid.  (This  Jonr.,  [S],  zzyiii,  174^.  By  evaporation,  how- 
erer,  such  solutions  regenerate  carbonate  of  lime  and  sulphates  of  soda  and  mag- 
nesia ;  and  hj  the  consent  of  the  best  chemists  these  elements  are  to  be  represented 
as  thus  combined.  Bat  what  shall  be  said  when  chlorid  of  magnesium,  carbonate 
of  soda,  and  silicate  of  soda  are  given  as  the  constituents  of  a  water  whose  recent 
analysis  may  be  found  in  a  late  number  of  the  Qhemieal  NevoM;  or  when  bi-carbon- 
ates  of  soda,  magnesia  and  lime  are  represented  as  co-existing  in  a  water  with  sol- 
phates  and  chlorids  of  magnesium  and  aluminum  t  These  errors  probably  arise 
from  determioiog  in  the  recent  water,  or  in  water  not  sufficiently  boiled,  the  lime 
and  magnesia  which  would  by  prolonged  ebulition  be  separated  as  carbonates, 
together  with  portions  of  alumina,  silica,  etc.  In  the  subsequent  caloilation  of  the 
analyses  these  dissolved  earthy  bases  being  regarded  as  sulphates  or  dUorida,  in- 
stead of  carbonates,  there  remains  an  excess  of  soda,  which  is  wrongly  represented 
as  carbonate,  instead  of  chlorid  or  sulphate  of  sodium. 

*  Lersch,  Hydro-Chemie,  sweite  Auflage:  Berlin,  1864;  ntde  p.  207.  Thb  ex- 
cellent work,  which  is  a  treatise  on  the  chemistry  of  natural  waters,  in  one  Tolume 
8to  of  700  pages,  was  unknown  to  me  when  I  prepared  the  first  part  of  this  essay. 
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mftl  proportion  between  the  chlorids  of  magnesium  and  cal- 
cium by  converting  the  latter  into  an  insoluble  carbonate,  and 
leaving  at  last  only  salts  of  sodium  and  magnesium  in  solution. 
A  process  the  reverse  of  this  has  evidently  intervened  for  the 
production  of  waters  like  that  from  Cape  Breton  and  some 
others  noticed  by  Lersch,  in  which  chlorid  of  calcium  abounds, 
with  little  or  no  sulphate  or  chlorid  of  magnesium.  This  pro- 
oess  is  probably  one  connected  with  the  formation  of  a  silicate 
of  ma^esia.  Bischof  has  already  insisted  upon  the  sparing 
solubilitj^  of  this  silicate,  and  he  observed  that  silicates  of 
alumina,  both  artificial  and  natural,  when  digested  with  a  solu- 
tion of  magnesian  chlorid,  exchange  a  portion  of  their  base  for 
magnesia,  thus  giving  rise  to  solutions  of  alumina ;  which,  being 
decomposed  by  carbonates,  may  have  been  the  source  of  many 
of  the  aluminous  deposits  referred  to  in  §  9.  He  also  observea 
a  similar  decomposition  between  the  solution  of  an  artificial  sil- 
icate of  lime  and  soluble  magnesian  salts.  (Bischof,  Cbem.  Ge- 
ology, i,  18,  also  chap,  xxiv.)  In  repeating  and  extending  his 
experiments,  I  have  confirmed  his  observation  that  a  solution  of 
silicate  of  lime  precipitates  silicate  of  magnesia  from  the  sulphate 
and  the  chlorid  of  magnesium ;  and  have  found,  moreover,  that 
by  digestion  at  ordinary  temperatures  with  an  excess  of  freshly 

Srecipitated  silicate  of  lime,  chlorid  of  magnesium  is  completely 
ecomposed;  an  insoluble  silicate  of  ma^esia  being  formed, 
while  nothing  but  chlorid  of  calcium  remains  in  solution.  It  is 
dear  that  the  greater  insolubility  of  the  magnesian  silicate,  as 
compared  with  silicate  of  lime,  determines  a  result  the  very  re- 
verse of  that  produced  by  carbonates  with  solutions  of  the  two 
earthy  bases.  In  the  one  case,  the  lime  is  separated  as  carbon- 
ate, tne  magnesia  remaining  in  solution;  while  in  the  other,  by 
the  action  of  silicate  of  soda  (or  of  limeV  the  magnesia  is  re- 
moved and  the  lime  remains.  Hence,  carbonate  of  lime  and  sil- 
icate of  magnesia  are  everywhere  found  in  nature ;  while  car- 
bonate of  magnesia  and  silicate  of  lime  are  produced  only  under 
local  and  exceptional  conditions.  The  detailed  results  of  some 
experiments  on  this  subject  are  reserved  for  another  place.  It 
is  evident  that  the  production  from  the  waters  of  the  early  seas 
of  beds  of  sepiolite,  talc,  serpentine,  and  other  rocks  in  which  a 
magnesian  silicate  abounds,  must,  in  closed  basins,  have  given 
rise  to  waters  in  which  chlorid  of  calcium  would  predominate. 

§  42.  Of  the  waters  of  the  second  class  whose  analyses  are 
here  given,  the  first  three  occur,  with  manj  others  of  similar 
character,  on  the  south  side  of  the  Ottawa  nver,  below  the  city 
of  that  name.  The  remaining  four  are  on  the  north  side  of  the 
St.  Lawrence,  between  Montreal  and  Quebec,  where  also  similar 
waters  abound.  All  of  these  springs  rise  from  the  Lower  Silu- 
rian limestones  of  the  region. 

Ax.  JOUB.  SCL— SBOOIID  8BBIB8,  VOL.  3CL,  No.  118.--JULT,  1865. 
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Tablc  II.— 

Watsu 

OF  TBI 

8100ND  Class. 

I. 

3. 

8. 

4.             A. 

«. 

7. 

8. 

a. 

Chlorid  of  sodium.. 

11-6660 

9^4600 

12-2600 

111400  8-0464 

m760 

11-4968 

17-2671 

ll-»094 

«     potassiam. . 
**      Darium  .... 

•1040 

•1040 

•0806 

•1460  undet. 

•0800 

•1882 

•2409 

undet 

•0803 
•0186 
•2420 

•0019 
•0019 
•0718 

•6088 

.  «  a  .• 

•2264 

*'     strontium . . 

*•     calcium .... 

•1864 

•0448 

•2870 

•0466 

•0608 

**     magnesium. 

•2462 

•4942 

.1-0888 

•2790 

•0866 

•8743 

•6686 

2-0628 

•8942 

Bromidof       " 

•0080 

•0029 

•0288 

•0288 

undet 

•0842 

-0091 

•0687 

•0278 

lodid  of 

•0062 

•0017 

•0021 

•0062 

traces. 

•0089 

•0046 

•0188 

•018S 

Sulphate  of  lime  . . 

Carbonate  of  baryta. 

**        strontia  . 

•1929 

•0106 

...... 

•0187 

-        Ume 

•0830 

•2980 

•1264 

•4620 

•0470 

•2160 

•8493 

•0120     -O180 

**        magnesia. 

•8904 

•8629 

•8632 

•4622 

•8864 

10693 

•9888 

•76061     -4464 

**        iron 

•0096 

tracet. 

trace*. 

traces. 

•0064 

•0146 

traces. 

traeet. 

Silica 

•0700 
traee$. 

•0206 
uudct 

•0226 
trace*. 

•0662 
undet. 

•0479 
•0060 

•0866 
•0146 

undet 

ondet 

Alumina 

■ 

In  1000  parts 

Specific  gravity  . . . 

18^1678 

10-9814 

146898 

12^8880  9-0600 

186613 

18-8866 

20^987 

18-1400 

100989 

1008-78!  1010-9 

1009-421 

101086 

1011-28 

1 

1,  2.  These  two  waters  are  from  the  township  of  Plantagenet. 
The  first  is  known  as  Larocque's,  and  the  second  as  the  Georgian 
Spring.  These  waters  were  examined  in  1849  and  1851.  Two 
other  springs  have  been  observed  in  the  same  vicinity,  one  re- 
sembling Larocque's  spring  and  containing  borates,  with  a  not- 
able proportion  of  strontia,  while  the  other  is  an  alkaline-saline 
water  of  the  third  class. 

S.  Caledonia  Intermittent  Spring.  This  spring  owes  its  name 
to  the  intermitting  discharge  of  carburetted  hydrogen  which 
takes  place  from  its  waters.  It  is  in  the  township  of  Caledonia, 
not  far  from  Plantagenet,  and  near  three  other  waters  from  the 
same  township,  to  be  mentioned  in  the  next  class.  The  water 
was  collected  in  September,  1847. 

4.  Lanoraie.  This  is  from  the  seigniory  of  Lanoraie.  It 
contains  both  baryta  and  strontia,  and  evolves  an  abundance  of 
carburetted  hydrogen.    The  water  was  collected  in  March,  1851. 

5.  Is  from  a  copious  spring  in  the  seigniory  of  Berthier,  and 
was  collected  in  July,  1858. 

6.  Is  from  the  township  of  Caxton,  and  yields  six  or  eight 
gallons  of  water  a  minute,  besides  a  great  abundance  of  inflam- 
mable gas.  The  carbonic  acid  was  found  to  equal  1126  parts,  of 
which  -651,  or  more  than  one  half,  is  required  for  the  neutral 
carbonates  present.  The  water  was  taken  from  the  spring  in 
October,  1848. 

7.  Is  from  the  seigniory  of  St.  L^n,  and  is  a  copious  spring 
which,  like  the  last,  disengages  inflammable  gas.  The  carbonic 
acid  was  equal  to  1*224  parts,  of  which  '651,  or  not  quite  one 
hali^  is  required  for  the  neutral  carbonates  found  by  analysis. 
The  water  was  collected  in  October,  1848. 
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8,  9.  These  are  from  two  springs  in  the  parish  of  Ste-Gene- 
vi^ve  on  the  Batiscan  River,  and  are  remarkable  for  the  large 

?roportion  of  iodids  which  they  contain.  The  first  is  known  as 
'rudePs  spring,  and  the  second  is  at  the  ferry  opposite  to  the 
church.  The  waters  were  collected  in  August,  1863.  Several 
other  saline  springs  occur  in  the  same  neighborhood. 

§  48.  Of  the  waters  of  the  third  class  which  follow,  the  first 
four  rise  from  the  Trenton  limestone,  and  occur  on  the  south 
side  of  the  Ottawa  River,  in  the  vicinity  of  the  first  three  of  the 
preceding  section.  The  others  are  from  the  south  side  of  the 
St.  Lawrence  below  Montreal. 


Table  IIL- 

-WaTIBS  or  THB  THIBD  ClASS. 

1. 

3. 

8. 

4. 

A. 

6. 

7. 

8. 

Chlorid  of  sodium. . . . 

**           potassium  . 

Bromid  of  sodium. . . . 

lodid  of  sodium 

Sulphate  of  potash. . . 

Phosphate  of  soda.... 

Carbonate  of  soda. .... 

baryta... 

**           stromia.. 

lime 

*<           magnesia. 

**            iron 

Alumina 

6-9676 
•0809 
•0160 
•0006 
•0068 

•0486 

•1480 
•6262 
traces. 
•0044 
•0810 

7-7778 

6-4409 
-0296 
-0169 
•0014 
•0048 
.... 
•1762 

•1176 
•6172 

traces. 

uodet. 
•0426 

8-8480 
-0280 
-0100 

traces. 
-0183 

-4668 

•2100 
-2940 
traces. 
•0026 
•0840 

6-6826 
-1160 
-0217 
•0082 

•0124 

•6886 

traces. 

« 

•1600 
•7860 
traces. 
•0040 
•1880 

9^4281 
•1284 
•0126 
•0064 

•1706 
•0226 
•0140 
•8640 
•6438 
•0048 
traces. 
•0466 

8-4286 
•0882 
•0046 
•0085 

•8260 
•0123 
•0096 
•8490 
•8669 
traces. 
<( 

•0640 

4^8284 
•0610 
undet. 

u 

16416 

traces. 

tt 

•2180 
•4268 

undet. 
•2120 

59662 
undet 

M 
« 

•6082 

•0260 
•1440 
•4766 
traces, 
undet. 
•1140 

7^8880 

SUica 

In  1^00  parts 

Specific  gravitj 

73470 

4^9407  8-3473 

10-7202'96867 

7-2828 

1006-2 

1006^8 

1003-7  1006-24 

I008^16:i0077 

1    .... 

1,  2  and  8  are  waters  from  Caledonia,  and  rise  about  two 
miles  from  the  spring  1,  of  the  second  table.  These  waters  were 
examined  in  September,  1847.  The  first,  which  is  known  as  the 
Gas  spring,  then  yielded  about  four  gallons  of  water  a  minute, 
and  discharged  in  the  same  time  about  800  cubic  inches  of  car- 
buretted  hydrogen  gas,  whence  its  name.  At  a  distance  of  four 
or  five  rods  from  this,  are  the  second  and  third  springs,  known 
as  the  Sdine  and  White  Sulphur  waters,  yielding  each  about  ten 
gallons  a  minute.  The  former  affords  a  few  buobles  of  carbu- 
retted  hydrogen  gas,  and  is  not  at  all  sulphurous,  while  the  lat- 
ter  contained  a  little  sulphuretted  hydrogen,  equal  to  somewhat 
less  than  a  cubic  inch  to  the  gallon.  The  temperature  of  the 
three  waters  was  found  to  be  respectively  44°*4,  45®  and  46'*  F. 
The  carbonic  acid  in  1000  parts  of  the  Gas  spring  was  equal  to 
•705,  of  which  '856,  or  a  little  more  than  one-half,  is  required 
for  the  neutral  carbonates  present  In  the  Saline  spring  there 
was  found  '648  of  carbonic  acid,  being  an  excess  of  -292  over 
that  required  to  form  neutral  carbonates;  while  in  the  Sulphur 
Spring,  which  contained  in  1000  parts  only  *590  of  carbonio 
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acid,  '349  are  contained  in  the  neutral  carbonates,  leaving  only 
•141  towards  the  formation  of  bi-carbonates.  For  later  analyses 
of  these  waters  see  §  46. 

4.  This,  which  is  known  as  GiUan's  spring,  is  from  the  town- 
ship of  Fitzroy,  not  very  far  from  the  last.  Its  waters  were 
collected  in  Jidy,  1850. 

5,  6.  These  two  waters  are  from  Varennes,  and  are  about  one 
hundred  rods  apart.  The  first  is  known  as  the  Saline,  and  the 
second  is  callea  the  Gas  spring  from  the  large  volumes  of  car- 
buretted  hydrogen  gas  which  it  disengages.  The  Saline  spring 
contained  in  1000  parts  '920  of  carbonic  acid,  of  which  '451,  or 
nearly  one  half,  is  required  to  form  neutral  carbonates  present 
In  the  Gas  spring  was  found  '792  of  carbonic  acid,  leaving  thus 
•312  over  that  required  to  form  neutral  carbonates.  The  waters 
were  collected  in  October,  1848. 

7.  This  is  from  Labaie  du  Febvre,  and  is  known  as  Cour- 
chine's  spring.  It  evolves  small  quantities  of  carburetted  hy- 
drogen gas.  The  water  was  collected  in  September,  1852.  Sev' 
eral  other  mineral  springs  occur  in  this  vicinity,  one  of  them 
belonging  to  this  class,  and  others  to  the  second  and  fourth 
classes. 

8.  This  water,  from  the  seigniory  of  Bekeil,  was  collected  in 
1851. 

§  44.  We  shall  now  proceed  to  the  springs  which,  in  §  34, 
have  been  referred  to  the  fourth  class — and  begin  with  three 
analyses  of  a  mineral  water  from  Chambly.  Here,  on  a  plateau, 
over  an  area  of  about  two  acres,  the  clayey  soil  is  destitute  of 
vegetation  and  impregnated  with  alkaline  waters,  which  in  the 
dry  season  give  rise  to  a  saline  effloresence  on  the  partially 
dried-up  and  fissured  surface.  A  well  sunk  here  to  a  depth  of 
eight  or  ten  feet  in  the  clay,  which  overlies  the  Hudson  River 
formation,  affords  at  all  times  an  abundant  supply  of  water, 
which  generally  flows  in  a  small  stream  from  the  top  of  the  well. 
Small  bubbles  of  carburetted  hydrogen  are  sometimes  seen  to 
escape  from  the  water.  The  temperature  at  the  bottom  of  the 
well  was  found,  in  October,  1861,  to  be  58^  F.,  and  in  August, 
1864,  to  be  nearly  54°  F.  The  mean  temperature  of  Chambly 
can  differ  but  little  from  that  of  Montreal,  which  is  44° -6  F.,  so 
that  this  is  a  thermal  water.  Another  alkaline  and  saline  spring 
in  the  same  parish  has  also  a  temperature  of  58°  F.  The  water 
of  the  spring  here  described  has  a  sweetish  saline  taste,  and  is 
much  relished  by  the  cattle -of  the  neighborhood.  Three  analy- 
ses have  been  made  of  its  waters,  the  residts  of  which  are  here 
given  side  by  side.  The  first  was  collected  in  October,  1861 ;  * 
the  second  in  October,  1862 ;  and  the  third  in  August,  1864,  dur- 
ing a  very  dry  season. 
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1851.  1852.  1864 

Chlorid  of  potassium undet.  ^0324  '01 82 

sodium -8689  •8887  •8846 

Carbonate  of  sodimn 10296  10«04  -9820 

lime -0640  -0880  -0268 

**             magnesia -0908  ^0766  ^0660 

**             BtroDtia undet  ^0046  undet 

"              iron ••  ^0024 

Alumina  and  pbopphate **  '0068                 ** 

Silica -1220  0780  -0166 

Borates,  iodids  and  bromide undet  undet  undet 

In  lOOOparts 21662  21822  1-9917 

A  portion  of  barium  is  included  with  the  strontium  salt  The 
water  contains  moreover  a  portion  of  an  organic  acid,  which 
causes  it  to  assume  a  bright  brown  color  when  reduced  by  evap- 
oration. Acetic  acid  gave  no  precipitate  with  the  concentrated 
and  filtered  water ;  but  the  subsequent  addition  of  acetate  of 
copper  yielded  a  brown  precipitate  of  what  was  regarded  as 
apocrenate  of  copper.  The  orffanic  matter  of  this  and  of  many 
other  mineral  spnngs  has  probably  a  superficial  origin.  The 
carbonic  acid  was  determined  in  the  third  analysis,  and  was 
equal  in  two  trials  to  -903  and  -905.  The  neutral  carbonates  in 
this  water  require  452  parts  of  carbonic  acid. 

§  45.  In  the  following  table  are  given  the  results  of  the  analy- 
ses of  several  other  waters,  which  belong  like  the  last  to  the 
fourth  class. 

Table  IY.— Watxrs  or  thb  fourth  Class. 


1. 

2. 

«. 

4. 

6. 

Chlorid  of  sodium 

•0207 
•0496 

•0081 

•1840 

•1740 

•1287 

tracet. 

•0161 

•0847 
•0076 
traeeM. 

•1962 
•0710 
•0278 

•oiio 

•8818 
•0067 
•0216 

•2801 
•0620 
•0267 

•0246 

■8920 
•0818 
tracei, 

1-1868 

undet 
« 

•0169 

•0188 

•0122 

•0410 

•2480 

•0690 

tracei, 

•2060 

**              potasseium 

Sulohate  of  soda 

•*             potash 

Carbonate  of  soda 

lime 

"              magnesia 

Iron,  alumina,  phosphates. . . . 

siuca. ....;. 

In  1000  parts. 

•6812 

•8478 

•7628 

1-6691 

•  • .  • 

In  10,000  parts 

.... 

...» 

.... 

.... 

•6119 

1.  This  spring  was  met  with  some  years  since  in  constructing 
a  lock  on  the  Bichelieu  Biver  at  St  Ours,  and  was  enclosed  in 
such  a  way  that  it  is  only  accessible  through  a  pump ;  so  that  it 
is  impossible  to  determine  the  amount  of  water  furnished  by  the 
spring,  or  its  fi'eedom  from  admixture.  The  water  was  obtained 
in  November,  1852,  and  is  remarkable  for  the  large  proportion  of 
potassium  ^ts.  1000  parts  of  the  water  gave  of  alkalies  deter- 
mined as  chlorids,  0*2250 ;  of  which  0-0565  parts,  or  2611  por 
cent^  were  chlorid  of  potassium.    Another  trial  gave  24*52  per 
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cent ;  while  a  portion  of  the  water  taken  from  the  spring  three 
weeks  earlier  gave  a  large  proportion  of  alkalies,  equal  to  0'8400 
of  chlorids;  of  M^hich  00596,  or  17*53  per  cent,  were  chlorid  of 
potassium. 

2.  This  spring  occurs  on  the  bank  of  the  Jacques  Cartier  river, 
a  little  above  Quebec.  It  is  strongly  impregnated  with  sulphur- 
etted hydrogen,  and  appears  to  contain  a  considerable  proportion 
of  borates.     It  was  collected  for  analysis  in  the  summer  of  1852. 

8.  This  water  is  from  a  spring  in  the  township  of  Joly  on  the 
opposite  side  of  the  St.  Lawrence,  a  few  miles  south  from  the  last, 
and  like  it  is  sulphurous,  and  affords  a  strong  reaction  of  borio 
acid.    It  was  collected  for  analysis  in  July,  1853. 

4.  A  small  area  of  marshy  ground  in  the  seigniory  of  Nicolet, 
near  the  line  of  St.  Gregoire,  is,  like  the  similar  tract  in  Chambly, 
so  impregnated  with  mineral  water  as  to  be  destitute  of  vegeta- 
tion. The  water  collected  in  a  small  pit,  dug  in  this  locality  in  the 
autumn  of  1853,  was  yellowish  colored,  and  alkaline  to  the  taste, 
and  gave  by  analysis  the  above  results.  Several  other  alkaline 
springs  occur  in  this  vicinity.  All  of  the  preceding  waters,  with 
the  exception  of  No.  2,  which  comes  out  from  the  Utica  slates, 
rise,  like  that  of  Chambly,  from  the  Hudson  River  formation. 

5.  This  water,  unlike  the  preceding,  is  that  of  a  large  river, 
the  Ottawa,  which  drains  a  region  occupied  chiefly  by  ancient 
crystalline  rocks,  covered  by  extensive  forests  and  marshes.  The 
soluble  matters  which  it  contains  are  therefore  derived  in  part 
from  the  superficial  decomposition  of  these  rocks,  and  in  part 
from  the  decaying  vegetation.  The  water,  which  was  taken  at 
the  head  of  the  St.  Anne's  rapids,  on  the  9th  of  March,  1854,  be- 
fore the  melting  of  the  winter's  snows  had  begun,  had  a  pale 
amber-yellow  color  from  dissolved  organic  matter,  which  gave 
a  dark  brown  hue  to  the  residue  after  evaporation.  The  weight 
of  this  residue  from  10,000  parts  dried  at  800^  F.,  was  -6975, 
which  after  ignition  was  reduced  to  -5340  parts.  As  seen  in 
the  above  table,  one-half  of  the  solid  matters  in  this  water 
were  earthv  carbonates,  and  more  than  one-third  was  silica,  so 
that  the  whole  amount  of  salts  of  alkaline  banes  was  *088,  (of 
which  nearlv  one  half  is  carbonate  of  soda) ;  while  the  St.  Ours 
water,  which  resembles  that  of  the  Ottawa  in  its  alkaline  salts, 
contains  in  the  same  quantity  4*248,  or  more  than  forty-eight 
times  as  much.  The  alkalies  of  the  Ottawa  water,  equalled  as 
ehlorids,  '0900,  of  which  -0293  or  32*5  per  cent  were  chlorid 
of  potassium.  The  results  of  some  observations  on  the  silica  and 
organic  matters  of  this  river  water  will  be  given  in  part  III.  It 
will  be  observed  that  in  the  above  table  the  figures  given  for 
the  first  five  waters  are  for  1000  parts,  while  those  of  the  Ottawa 
are  for  10,000  parts. 

§  46.  In  t^is  connection  may  be  given  the  analyses  of  two  sim- 
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ilar  springs  from  Vermont,  the  Highgate  and  Alburg  springs. 
The  waters  were  sent  me  in  October  and  November  1861,  and 
the  results  have  already  appeared  in  the  Geology  of  Vermont, 
vol.  ii,  p.  926.  Both  of  these  waters,  when  examined,  were 
slightly  sulphurous,  and  yielded  the  reactions  of  boric  acid. 
The  amount  of  carbonate  of  soda  was  estimated  from  the  carbo- 
nate of  baryta  obtained  by  the  process  already  mentioned  in  §  35. . 

Highgate.  Alburg. 

Chlorid  of  Bodium -402     140 

Sulphate  of  soda 042     *024 

CarboDate  of  soda -235     280 

lime -024     -086 

"              magnesia '010     -022 

Potash  and  borates undet undet. 

InlOOOparts -718     -45^ 

§  47.  On  the  5th  January,  1865,  after  a  lapse  of  more  than 
seventeen  years,  I  again  visited  the  three  springs  of  Caledonia, 
whose  analyses  have  been  given  in  the  table  §  43,  and  collected 
their  waters  for  a  second  examination.  The  results  of  my  recent 
analyses  show  that  considerable  changes  have  occurred  in  the 
composition  of  each  of  these  springs,  and  tend  to  confirm  in  an 
unexpected  manner,  the  theory  which  I  long  since  put  forward, 
— that  the  waters  of  the  second  and  third  classes  owe  their  ori- 
gin to  the  mingling  of  saline  waters  of  the  first  class  with  alka- 
line waters  of  the  fourth  class.  It  will  be  observed  that  the 
three  Caledonia  waters  in  1847  were  all  alkaline,  though  the 
proportions  of  the  carbonate  of  soda  were  unlike.  Sulphates 
were  also  present  in  all  of  them,  though  most  abundant  m  the 
Sulphur  spring,  which,  although  holding  the  smallest  amount  of 
solid  matters,  was  the  most  alkaline.  In  January,  1865,  how- 
ever, the  first  and  second  of  these  waters  had  ceased  to  be  alka- 
line, and  contained,  instead  of  carbonate  of  soda,  small  quantities 
of  earthy  chlorid,  causing  them  to  enter  into  the  second  class. 
They  no  longer  contained  any  sulphates,  but,  on  the  contrary, 
portions  of  barjrta  and  strontia.  Onlj  the  Sulphur  spring,  which 
m  1847  contained  the  largest  proportion  of  carbonate  of  soda  and 
of  sulphates,  still  retained  these  elements,  though  in  diminished 
amounts,  and  was  feebly  impregnated  with  sulphuretted  hydro- 
gen. If  we  suppose  these  waters  to  arise  from  the  commingling 
of  saline  waters  like  those  of  Whitby  and  Lanoraie,  containing 
earthy  chlorids  and  salts  of  baryta  and  strontia,  with  waters  of 
the  fourth  class  holding  carbonate  and  sulphate  of  soda,  it  is  evi- 
dent that  a  sufficient  quantity  of  the  latter  water  would  decom- 
pose the  earthy  chlorids  and  precipitate  the  salts  of  baryta  and 
strontia  present ;  while  an  excess  would  give  rise  to  alkaline- 
saline  waters  containing  sulphate  and  carbonate  of  soda,  such 
as  were  the  three  springs  of  Caledonia  in  1847.   A  falling-off  in 
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the  supply  of  the  sulphated  alkaline  water  has  however  takca 
place,  and  the  result  is  seen  in  the  appearance  of  chlorid  of 
magnesium  and  of  baryta  and  strontia  in  two  of  the  springs, 
and  in  a  diminished  proportion  of  carbonate  of  soda  in  tne  Sul- 
phur spring. 

These  later  analyses  being  directed  chiefly  to  the  determina- 
tion of  these  changes,  no  attempt  was  made  to  determine  po- 
tassium, iodine  and  bromine.  For  the  purposes  of  comparison, 
the  two  series  of  analyses  are  here  put  in  juxtaposition;  the 
elements  just  mentioned  being  included  witn  the  chlorid  of  so- 
dium, and  the  figures  reduced  to  three  places  of  decimals.  The 
precipitate  by  a  solution  of  gypsum  from  the  concentrated  and 
acidulated  water  was  regarded  as  sulphate  of  strontia,  and  calcu- 
lated as  such,  but  was  in  part  sulphate  of  baryta. 


Table  V. — Shotpinq  the 

CHANGES  IN  THE  CALEDONIAN   Sr&INOS. 

1.  Gas  Spring.  1 

2.  Saline  Sprlng.j 

1847. 

1865. 

1841. 

1865. 

1846. 

1866. 

Chlorid  of  sodium 

7-014 

'•006 
•048 
•148 
•626 

'•oVi 

6-670 
•024 

'•096 
•466 
•009 
•020 

6-488 

•665 
•176 
•117 
•617 

•042 

6-980 
•026 

•096 
•469 
•012 
•016 

8-876 

•618 
•466 
•210 
•294 

'•684 

8-«86 

.  •  •  • 
•021 
•091 
•077 
•228 

'•021 

**          magDesium 

Sulphate  of  potash  .•... 

nA.rrknnA.tA  of  Aoda, .-...-.-..... 

•«               lime...,, 

**               mafiroesia. ....... . 

"               strontia 

Silica 

In  1000  parts 

7-762 

7-174 

7*846 

7^647 

4-988 

4^1 28 

In  the  recent  analyses  of  these  waters,  the  carbonic  acid  in 
the  Gas  spring  was  found  to  equal,  for  1,000  parts,  -671 ;  of  which 
•278  were  required  for  the  neutral  carbonates.  The  Saline  spring 
contained  -664  of  carbonic  acid,  of  which  -290  go  to  make  up  the 
neutral  carbonates.  The  Sulphur  spring,  in  like  manner,  gave 
of  carbonic  acid  -573,  while  the  neutral  carbonates  of  the  water 
require  only  191.  All  of  these  waters  in  January,  1865,  thus 
contained  an  excess  of  carbonic  acid  above  that  required  to  form 
bicarbonates  with  the  carbonated  bases  present;  while  the  analy- 
ses of  the  same  springs  in  1847,  showed,  as  we  have  seen  in  §43, 
a  quantity  of  carbonic  acid  insufficient  for  the  formation  of  bicar- 
bonates: The  questions  of  this  deficiency,  and  of  the  variation 
in  the  amount  of  carbonic  acid  in  these  and  other  waters  will  bo 
considered  in  the  third  part  of  this  paper. 

§  48.  The  waters  of  our  fifth  and  sixth  classes,  as  defined  in 
§  34,  are  distinguished  by  the  presence  of  sulphates ;  the  former 
Deing  acid  and  the  latter  being  neutral  waters.  In  the  fifth  class 
the  principal  element  is  sulphuric  acid,  associated  with  variable 
and  accidental  amounts  of  sulphates  of  alkalies,  lime,  magnesia, 
alumina,  and  iron.     Apart  from  the  springs  of  this  kind  which 
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occur  in  regions  where  volcanic  agencies  are  evidently  active, 
the  only  ones  hitherto  studied  are  those  of  New  York  and  west* 
em  Canada ;  which  issue  firom  unaltered,  and  almost  horizontal 
Upper  Silurian  rocks.  (§  81.)  The  first  account  of  these  re- 
markable waters  was  given  in  this  Journal  in  1829  (vol.  zv, 
p.  288),  by  the  late  Prof.  Eaton,  who  described  two  acid  springs 
in  Byron,  Genesee  Co.,  N.  Y. ;  one  yielding  a  stream  of  dis- 
tinctly acid  water  sufficient  to  turn  a  mill-wheel,  and  the  other 
ajGEbrding  in  smaller  quantities  a  much  more  acid  water.  The 
latter  was  afterward  examined  by  Dr.  Lewis  Beck  (Mineralogy 
of  New  York,  p.  160).  He  found  it  to  be  colorless,  transparent 
and  intensely  acid,  with  a  specific  gravity  of  I'llS ;  which  cor- 
responds to  a  solution  holding  seventeen  per  cent  of  oil  of  vitriol. 
No  chlorids,  and  only  traces  of  lime  and  iron,  were  found  in  this 
water,  which  was  nearly  pure  dilute  sulphuric  acid.  Prof.  Hall 
(Geology  of  New  York,  4th  District,  p.  184\  has  noticed  in  addi- 
tion to  these,  several  other  springs  and  wells  of  acid  water  in  the 
adjacent  town  of  Bergen.  Farther  westward,  in  the  town  of  Al- 
abama is  a  similar  water,  whose  analysis  by  Erni  and  Craw  will 
be  found  in  this  Journal,  [2],  ix,  450.  It  contained  in  1000  parts 
about  2*5  of  sulphuric  acid,  and  4*6  parts  of  sulphates,  chiefly  of 
lime,  magnesia,  iron  and  alumina.  In  this,  as  in  the  succeeding 
Analyses,  hydrated  sulphuric  acid,  SO, HO,  is  meant 

The  earliest  quantitative  analyses  of  any  of  these  waters  were 
those  by  Orofl  and  mvself  of  a  spring  at  Tuscarora,  in  1845  and 
1847,  of  which  the  detailed  results  appear  in  this  Journal,  [2], 
viii,  864.  This,  at  the  time  of  my  analysis  in  September,  1847, 
contained,  in  1000  parts,  4*29  of  sulphuric  acid,  and  only  1*87  of 
sulphates ;  while  the  previous  analysis  by  Prof.  Croft  gave  ap- 
proximativel^  3*00  of  neutral  sulphates,  and  only  about  1*37  of 
sulphuric  acid.  Similar  acid  waters  occur  on  Grand  Island 
above  Niagara  Falls,  and  at  Chippewa. 

All  of  these  springs,  along  a  Ime  of  more  than  100  miles  from 
east  to  west,  rise  from  the  outcrop  of  the  Onondaga  salt-group ; 
but  in  the  township  of  Niagara,  not  far  from  Queenston,  are  two 
similar  waters  which  issue  from  the  Medina  sandstone.  One  of 
these  is  in  the  southwest  part  of  the  township,  and  fills  a  small 
basin  in  yellow  clay,  which,  at  a  depth  of  three  or  four  feet,  is 
underlaia  by  red  and  green  sandstones.  The  water,  which  like 
those  of  Tuscarora  and  Chippewa,  is  slightly  impregnated  with 
sulphuretted  hydrogen,  is  kept  in  constant  agitation  from  the  es- 
cape of  inflammable  gas.  It  contained,  in  1000  parts,  about  two 
parts  of  free  sulphuric  acid,  and  less  than  one  part  of  neutr^ 
sulphates.  This  water  was  collected  in  October,  1849,  and  at  thai 
time  another  half  dried-up  pool  in  the  vicinity  contained  a  still 
more  acid  water.  Another  similar  spring  occurs  near  St.  Da- 
vids in  the  same  township. 

Am.  Joub.  Sci.— Seccwd  Bebies,  Vol.  j|CL,  No.  118.— July,  1886. 
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In  connection  with  the  suggestion  made  in  §  81  as  to  their 
probable  origin  at  great  depths,  it  would  be  very  desirable  to 
nave  careful  observations  as  to  the  temperature  of  these  acid 
springs.  When,  on  the  19th  October,  1847,  I  visited  the  Tusca- 
rora  spring,  the  water  in  two  of  the  small  pools  had  a  tempera- 
ture of  56°  F. ;  but  on  plunging  the  thermometer  in  the  mud 
at  the  bottom  of  one  of  these  it  rose  to  60°*5. 

§  49.  It  appears  from  a  comparison  of  the  analysis  of  Croft 
with  my  own,  that  the  waters  of  the  Tuscarora  spring  underwent 
a  considerable  change  in  composition  in  the  space  of  two  years; 
the  proportion  of  the  bases  to  the  acid  at  the  time  of  the  second 
analysis  being  little  more  than  one-third  of  that  in  the  analysis 
of  Croft.  This  change  was  indeed  to  be  expected,  since  waters 
of  this  kind  must  soon  remove  the  soluble  constituents  from  the 
rocks  through  which  they  flow,  and  eventually  become  like  the 
water  from  Byron,  little  more  than  a  solution  of  sulphuric  acid. 
The  observations  of  Eaton  at  Byron,  and  my  own  at  Tuscarora, 
show  that  half-decayed  trees  are  still  standing  on  the  soil  which 
is  now  so  impregnated  with  acid  waters  as  to  be  unfit  to  support 
vegetation.  Eeasoning  from  the  changes  in  composition,  it  may 
be  supposed  that  these  waters  were  at  first  neutral,  the  whole  of 
the  acid  being  saturated  by  the  calcareous  rocks  through  which 
they  must  rise.  It  was  from  this  consideration  that  I  was  for- 
merly led  to  ascribe  to  the  action  of  these  waters,  the  formation 
of  some  of  the  masses  of  gypsum  which  appear  along  the  outcrop 
of  the  Onondaga  salt-group.  (This  Journal,  [2],  vii,  175.)  That 
waters  like  those  just  mentioned  must  give  rise  to  sulphate  of 
lime  by  their  action  on  calcareous  rocks  is  evident;  and  some 
of  the  deposits  of  gypsum  in  this  region,  as  described  by  good 
observers,  would  appear  to  be  thus  formed.  So  far,  however,  as 
my  personal  observations  of  the  gypsums  of  western  Canada 
have  extended,  they  appear  to  be  in  all  cases  cotemporaneous 
with  the  shales  and  dolomites  with  which  they  are  interstratified, 
and  to  have  no  connection  with  the  sulphuric-acid  springs  which 
are  so  common  throughout  that  region.  (This  Journal,  [2],  xxviii, 
865,  and  Geology  of  Canada,  352.) 

§  50.  We  have  included  in  a  sixth  class  the  various  neutral 
saline  waters  in  which  sulphates  predominate,  sometimes  to  the 
exclusion  of  chlorids.  The  bases  of  these  waters  are  soda,  pot- 
ash, lime,  and  magnesia;  which  are  usually  found  togetner, 
though  in  varying  proportions.  For  the  better  understanding 
of  the  relations  of  these  sulphated  waters,  it  may  be  well  to 
recapitulate  what  has  been  said  about  their  origin ;  and  to  con- 
sider  them,  from  this  point  of  view,  under  two  heads. 

First,  those  formed  from  the  solution  of  neutral  sulphates 
previously  existing  in  a  solid  form  in  the  earth.  Strata  enclosing 
natural  deposits  of  sulphates  of  soda  and  magnesia,  sometimes 
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with  sulphate  of  potash  (§  17,  §  19),  afford  the  most  obvious 
source  of  these  waters.  The  frequent  occurrence  of  gypum,  how'- 
ever,  points  to  this  salt  as  a  more  abundant  source  of  sulphated 
waters.  Solutions  of  gypsum  may  in  some  case  exchange  their 
lime  for  the  soda  of  insoluble  silicates,  or  this  salt  may  be  decom* 
posed  by  solutions  of  carbonate  of  soda  (§  7,  §  19).  The  decompo- 
sition of  the  sulphate  of  lime  by  hydrous  carbonate  of  magnesii^ 
as  explained  in  §  21,  is  doubtless  in  many  cases  the  source  of  sul- 
phate of  magnesia,  which  is,  more  frequently  than  sulphate  of 
soda,  a  predominant  element  in  mineral  waters.  In  connection 
with  a  suggestion  made  in  the  section  last  cited,  it  may  be  re- 
marked that  I  have  since  found  that  predazzite,  in  virtue  of  the 
hydrate  of  magnesia  which  it  contains,  readily  decomposes  solu- 
tions of  gypsum  holding  carbonic  acid  in  solution,  and  gives 
rise  to  sulphate  of  magnesia. 

In  the  second  place,  sulphuric-acid  waters,  like  those  described 
in  §47,  by  their  action  upon  calcareous  and  magnesian  rockii, 
or  by  the  intervention  of  carbonate  of  soda,  may,  as  already  sug- 
gested, give  rise  to  neutral  sulphated  waters  of  the  sixth  class. 
It  is  evident  also  that  waters  impregnated  with  sulphates  of  fdu^ 
mina  and  iron  from  oxydizing  sulphates,  as  mentioned  in  §  28, 
may  be  decomposed  in  a  similar  manner,  and  with  like  resulta. 

Neutral  sulphated  waters  generated  by  any  of  the  above  pro- 
cesses, are  evidently  subject  to  admixtures  of  saline  matters  from 
other  sources,  and  may  thus  become  impregnated  with  chlorids 
and  carbonates.  Indeed  it  is  rare  to  find  waters  of  the  sixth  elass 
without  some  portion  of  chlorids,  and  a  transition  is  thus  pre- 
sented to  the  waters  of  the  first  four  classes ;  in  which  also  por^ 
tions  of  sulphates  are  of  frequent  occurrence.  The  presence  of 
sulphates  being  one  of  the  conditions  required  for  the  generation 
of  sulphuretted  hydrogen  (§  10),  we  find  that  the  waters  of  tha 
sixth  class  are  very  often  sulphurous. 

§  61.  "Waters  of  the  sixth  class  are  very  frequently  met  witk 
in  the  Paleozoic  rocks  of  New  York  and  western  Canada,  and 
are  probably  derived  from  the  gypsum  which  is  found  in  greater 
or  less  abundance  at  various  horizons,  from  the  Calciferous  sand- 
rock  to  the  Onondaga  salt-group.  It  is  however  not  improbable 
that  the  sulphuric-acid  waters  which  abound  in  this  region  (§  48) 
may,  by  their  neutralization,  give  rise  to  similar  springs.  In  the 
waters  of  the  district  under  consideration,  the  sulphate  of  lime 
generally  predominates  over  the  sulphates  of  the  other  bases,  and 
chlorids  are  frequently  present  in  considerable  quantities.  For 
numerous  analyses  of  these  waters,  see  Beck,  Mineralogy  of  New 
York.  The  results  of  an  examination  of  the  Charlotteville 
spring,  remarkable  for  the  amount  of  sulphuretted  hydrogen 
which  it  contains,  will  be  found  in  this  Journal,  [2],  viii,  369.  A 
very  copious  sulphur  spring  which  issues  from  a  mound  of  cal- 
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careous  tufa  in  Brant,  C.  W.,  overlying  the  Corniferons  lime- 
stone, is  distinguished  by  the  absence  of  any  trace  of  chlorids;  in 
which  respect  it  resembles  the  acid  waters  of  the  fifth  class  from 
the  adjacent  region.  A  partial  analysis  of  a  portion  of  it  collected 
in  1861,  gave,  for  1000  parts,  sulphate  of  lime  1*240,  sulphate  of 
magnesia  -207,  and  carbonate  of  lime  '198.  From  a  slight  excess 
in  the  amount  of  sulphuric  acid,  it  is  probable  that  a  little  sul- 
phate of  soda  was  also  present. 

Of  waters  of  this  class,  in  which  sulphate  of  magnesia  predom- 
inates, but  few  have  yet  been  observed  in  this  country.  A  re- 
markable example  of  this  kind  from  Hamilton,  C.  W.,  was  ex- 
amined by  Prof.  Croft  of  Toronto,  and  described  by  him  in  the 
Canadian  Journal  for  1853  (page  153).  It  had  a  specific  gravity 
of  10064,  and  gave  for  1000  parts, 

Chlorid  of  sodium, •  '6098 

Sulphate  of  soda, 1-6988 

•«             lime, 11246 

"             magnesia,        -        •        ...        .        .  4*7799 

8-1126 

The  rocks  exposed  at  Hamilton  include  the  Medina  sandstone, 
and  the  Niagara  limestone,  with  the  intermediate  Clinton  group. 
Along  the  outcrop  of  the  latter,  crystalline  crusts  of  nearly  pure 
sulphate  of  magnesia  are  observed  to  form  in  many  localities, 
during  the  dry  season  of  the  year.    (Geology  of  Canada,  p.  460.) 

According  to  Emmons,  the  Post-tertiary  cla^s  near  Crown 
Point,  on  the  western  shor«  of  Lake  Champlain,  are  during 
dry  weather  covered  with  efflorescences  of  sulphate  of  magnesia^ 
which  impregnates  several  springs  in  the  vicinity.  The  water 
of  one  of  these,  according  to  JSmmons,  had  a  specific  gravity  of 
1014*0,  and  contained,  in  1000  parts,  18*78  of  saline  matter,  which 
was  chiefly  sulphate  of  magnesia,  with  some  sulphate  of  lime. 
(Cited  by  Beck,  Mineralogy  of  New  York,  p.  252.)  The  strata 
underlying  the  clays  of  this  region  belong,  according  to  the  State 
geologicsl  map,  to  the  Potsdam,  Calciferous  and  Trenton  forma- 
tions, but  the  source  of  the  magnesian  salt  is  not  improbably  to 
be  found  in  the  -clays  themselves. 

In  the  third  and  concluding  part  of  this  paper,  it  is  proposed 
to  notice  briefly  some  of  the  more  important  points  in  tne  chem- 
istry of  the  various  waters  which  have  been  here  described,  and 
to  inquire  anto  Xheir  geological  relations. 
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Art.  Vm.— On  Molecular  Physics;  by  Prof.  W.  A.  Norton, 
[Contiiiued  from  toL  xzzIx,  p.  264.] 

ITiermO'Electricity, — The  key  to  thermo-electric  phenomena 
should  be  found  in  the  effect  produced  by  heat  on  the  electric 
<x>ndition  of  molecules.  Kow  when  heat  is  applied  to  a  surface, 
the  molecules  at  the  surfEtce  first  receive  the  ethereal  pulses  of 
which  the  force  of  heat  consist&  These  pulses  passing  on  to  th« 
central  atom  of  each  molecule,  or  the  condensed  universal  ether 
at  the  center  of  the  molecule,  are  there  partially  expended  in 
expanding  its  electric  atmosphere  on  the  outer  side,  and  are  par* 
tiaJly  propagated  on.  Upon  reaching  the  inner  side  of  the  atom 
they  will  again  be  partially  consumed  in  expanding  the  atmos- 
phere on  that  side,  while  a  certain  portion  will  be  transmitted  to 
the  next  atom.  It  is  easy  to  see  that  this  second  expansion  should 
be  less  than  the  first  Under  these  circumstances  two  important 
electrical  effects  will  be  produced.  (1.)  By  reason  of  the  greater 
expansion  of  the  atmosphere  on  the  outer  than  on  the  inner  side, 
its  density  will  be  diminished  on  the  outer  side,  and  hence  elec- 
tric ether  will  flow  around  to  that  side.  The  molecular  atmosphere 
wiU  therefore  become  polarized  positively  on  the  outer  side.  (2.)  As 
a  consequence  of  this  polarization  the  molecular  atmosphere  toilt 
urge  away  from  it  a  portion  of  the  electric  ether  posited  near  its  surface^ 
and  tend  to  develop  a  negative  polarization  in  the  particles  of  contigu'- 
ous  surfaces.  The  surface  receiving  the  heat  will  then  become 
positively  polarized,  and  there  will  be  at  the  same  time  an  elec- 
tric movement  outward  from  the  surface.  Cold,  or  the  abstrac- 
tion of  heat,  will  have  precisely  the  opposite  tendency ;  that  is, 
a  surface  in  the  act  of  cooling  will  become  negatively  polarized, 
and  this  change  will  be  attended  with  a  flow  of  electncity  toward 
the  surface.  Such  movements  of  the  electric  ether  will  be  in 
waves  of  translation,  or  in  currents  of  free  electricity,  or  both 
combined,  according  to  the  conducting  power  of  the  medium 
exterior  to  the  sur&ce  (p.  252).  Substances  may  differ  in  the 
effects  thus  produced,  under  similar  circumstances,  from  two 
causes;  a  difference  in  their  conducting  power  for  heat,  and  a 
difference  in  the  degree  of  expansion,  or  m  the  effect  of  the  ex- 
pansion produced  by  the  same  amount  of  heat. 

Now  let  a  plate  of  bismuth  be  placed  in  contact  with  a  plate 
of  antimony,  and  let  the  junction  be  heated  and  the  other  ends 
be  brought  into  good  eonducting  communication.  If  the  above 
mentioned  effects  of  heat  be  different  for  these  two  metals,  a 
current  should  set,  at  the  junction,  from  the  one  which  experi- 
ences the  greatest  effect  to  that  which  experiences  the  least,  and 
pass  through  the  circuit  Bismuth  is  a  poorer  conductor  of  heat 
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than  antimony,  and  in  fact  than  most  other  metals,  and  hence 
its  surface  molecules  should  imbibe  and  retain  more  heat  than 
those  of  the  antimony.  The  diamagnetic  properties  of  bismath 
also  indicate,  as  will  be  seen  hereafter,  that  its  molecular  atmos- 
pheres are  remarkably  expansible.  If  these  peculiarities  of  bis- 
muth be  admitted,  we  have  an  explanation  of  the  fact  that  bis- 
muth is  positive'  to  other  metals  in  its  thermo-electric  relations. 
The  bismuth  and  antimony  in  the  thermo-electric  pair,  it  will  be 
observed,  hold  the  same  relation  to  each  other  as  the  zinc  and 
copper  in  the  galvanic  pair,  and  the  heat  does  the  same  dectri* 
cal  duty  in  the  one,  that  the  oxygen  does  in  the  other. 

If  the  other  ends  of  the  two  metals  be  brought  together  and 
cooled,  the  current  will  be  reenforced,  since  the  molecular  at- 
mospheres of  the  bismuth  will  contract  more  than  those  of  the 
antimony.    (See  eflFect  of  cold,  p.  61.) 

It  has  been  ascertained  as  the  result  of  numerous  experiments^ 
that  "  increasing  the  temperature  of  the  negative  metal  gener- 
ally increases  the  amount  of  deflection  of  the  galvanometer 
needle  produced  by  heating  the  junction;  while  if  the  higher 
heat  is  applied  to  the  metal  which  is  positive  at  moderate  tem- 
peratures, a  current  in  the  opposite  direction  is  established."  To 
get  at  the  explanation  of  these  curious  effects  we  must  observe 
that  the  ''  higner  heat"  spoken  of  is  applied  at  a  certain  distance 
from  the  junction,  and  hence  it  is  the  inner  sides  of  the  surface 
molecules  which  first  receive  the  heat  from  this  second  source, 
and  become  positively  polarized.  Accordingly,  the  current  should 
be  strengthened  in  the  first  case^  above  mentioned,  and  weak- 
ened in  the  second.  It  has  also  been  observed  that  a  current 
may  be  excited  with  two  wires  of  the  same  metal,  by  heatin 
the  end  of  one  and  bringing  it  in  contact  with  the  other ;  bjh 
that  the  direction  of  the  current  at  the  junction  is  from  the  cold 
to  the  hot  wire."  In  this  case  it  is  to  be  remarked  that  the  hot 
wire  is  in  the  act  of  cooling,  and  hence  there  should  be  an  elec- 
tric movement  toward  its  surface  (p.  61),  or  fh)m  the  cold  to 
the  hot  wire,  through  the  junction. 

Pyro-elect^'ic  Grystals. — ^Tourmaline  is  the  most  conspicuous 
crystal  belonging  to  this  class.  ^'A  prism  of  tourmaline  has  dif- 
ferent secondarv  planes  at  its  two  extremities,  or,  as  it  is  ex« 
{)re89edf  is  hemihedrally  modified."  This  peculiarity  of  crystall- 
ization, which  also  obtains  in  the  other  pyro-electric  crystals, 
indicates  that  in  the  direction  of  the  axis,  the  molecules  of  the 
crystal  have  different  mechanical  properties  on  opposite  sides. 
In  this  condition  of  things  we  may  reasonably  suppose  that  the 
molecular  atmospheres  would  expand  unequally  on  opposite 

*  By  the  positive  metal  is  here  meaDt  that  which  imparts,  at  the  heated  juoction, 
poeiiiTe  electridtj  to  the  other  metaL  This  is  often  termed  the  negatiT*  metal 
Its  polarizatioD  is  positiTe,  bat  its  electrical  state  is  negatire  (p.  246). 
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sides,  under  the  inflaence  of  the  same  amount  of  heat.  If  this 
be  admitted  we  have  a  complete  explanation  of  the  electric  phe- 
nomena exhibited  by  the  tourmaline  when  heated,  in  accordance 
with  the  principles  already  laid  down.  Thus,  let  a  tourmaline 
be  heated  regularly,  that  is,  so  that  all  points  of  its  surface  shall 
receive  equal  increments  of  heat;  at  all  points  of  the  surface  the 
unequal  expansive  action  of  the  heat  upon  the  two  sides  of  the 
molecular  atmospheres  in  the  axial  direction,  will  determine 
their  polarization,  and  an  attendant  electric  movement  from  the 
positively  polarized  side  ot  one  molecule  to  the  negatively  polar- 
ized side  of  the  next.  There  should  accordingly  be  opposite 
electrical  states  manifested  at  the  ends  of  the  crystal.  This  state 
of  things  should  continue  so  lon^  as  the  temperature  is  rising. 
But  it  is  to  be  observed  that  the  effective  polarization  determined 
in  each  molecule  by  the  heat  is  weakened  by  the  discharge  that 
takes  place  from  one  molecule  to  the  next,  and  that  from  this 
cause  the  signs  of  electrical  excitement  at  the  ends  of  the  crystal 
will  be  much  feebler  when  the  temperature  becomes  uniform 
than  thev  would  otherwise  be.  Now  if  the  heated  tourmaline 
be  cooled  regularly,  the  process  that  attended  upon  the  heating 
will  be  reversed,  and  the  electrical  states,  or  effective  poles, 
will  be  reversed.  This  reversal  of  the  poles  may  occur  soon 
after  the  temperature  begins  to  fall,  because  of  the  above  men- 
tioned weakening  of  the  effective  polarization ;  since  this  remain- 
ing polarization,  when  the  temperature  becomes  uniform,  which 
is  really  effective  upon  bodies  placed  near  the  ends  of  the  tourma- 
line, may  be  no  greater  than  the  opposite  transient  polarization 
that  may  arise  from  a  small  loss  of  temperature. 

Mutual  Attractions  and  Bepulsions  of  Electric  Currents. — We 
have  seen  that  in  an  electric  current  there  is  a  flow,  or  onward 
movement  of  electric  ether  throughout  the  entire  route  of  the 
current.  Now  the  rapidly  moving  molecules  of  electric  ether 
must  act  impulsively  against  the  universal  ether  in  their  path ; 
and  every  such  impulse  must  be  propagated  indefinitely  outward 
through  this  ether.  The  innumerable  impulses  thus  originating 
in  a  current  are  parallel  to  the  direction  of  the  current,  and 
must  take  effect  upon  all  surrounding  molecules  in  this  direction. 
Thev  constitute  what  may  be  called  the  external  impulsive  force 
of  me  current.  The  well  known  phenomena  under  immediate 
consideration,  as  well  as  all  the  other  phenomena  of  the  external 
action  of  currents  to  be  discussed,  are  to  be  ascribed  to  the  ope- 
ration of  this  external  impulsive  force.  Let  us  first  take  the  case 
of  two  parallel  wires  conveying  currents  in  the  same  direction. 
The  impulses  propagated  from  these  wires  will  tend  to  weaken 
the  tension  of  the  universal  ether^lying  between  the  wires.  A 
similar  effect,  but  less  in  amount,  will  be  produced  upon  the 
ether  lying  on  the  outer  sides  of  the  wires.    The  ethereal  tensicm 
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should  therefore  be  in  excess  upon  the  outer  sides  of  the  wires, 
and  hence  they  should  be  urged  toward  each  other,  or  there 
should  be  an  apparent  attraction  between  the  wires  conveying 
the  currents.  The  excess  of  ethereal  tension  here  alluded  to  is 
attributable  to  the  fact  that  the  impulses  proceeding  from  the 
one  wire,  in  being  pro^igated  through  the  other,  are  materially 
reduced  in  intensity.  This  effect  results  mainly  from  the  diaper* 
sion  produced  by  the  interstitial  ether,  which  is  brought  into  a 
Tery  disturbed  state  of  density  by  the  swiftly  moving  atoms  ci 
the  electric  ether  in  the  current.  When  only  one  of  the  wires 
conveys  a  current,  no  attraction  or  repulsion  is  observed,  be* 
cause  the  dispersion  just  mentioned  is  wanting. 

If  the  currents  be  supposed  to  traveiBC  the  wires  in  opposite 
directions,  then  the  same  operative  cause,  the  external  impulsive 
forces  of  the  currents,  will  compress  the  ether  between  the  wires 
to  a  greater  degree  than  beyona  them,  and  thus  there  will  be  an 
effective  force  urging  them  farther  apart 

Let  a,  fig.  8,  be  a  point  of  one  of  the  currents,  from  which  an 
impulse  is  propagated,  and  a5,  ac,  ad, 
lines  radiating  from  it  and  crossing  the 
second  wire,  t;,  under  different  degrees 
of  obliquitv.  The  dotted  lines  drawn 
between  6a  and  eg  represent  the  lines  of 
moving  electrical  atoms.  Each  of  the 
lines  aoj  clc,  ad,  will  cross  the  same  num- 
ber of  such  lines,  and  therefore  impulses  propagated  along  them 
will  encounter  the  same  number  of  moving  atoms,  and  experi- 
ence the  same  proportional  diminution.  This  diminution  should 
be  a  certain  constant  fitictional  part  of  the  impulse  that  reaches 
any  point  of  the  nearer  side,  eg,  of  the  wire.  The  diminution 
of  the  propagated  impulse,  in  traversing  the  wire,  simply  by 
reason  of  the  increased  length  of  the  passage,  as  the  line  is  more 
obliqijie,  should  also  be  a  constant  fractional  part  of  the  impulse; 
since  fc  is  the  same  proportional  part  of  af,  or  an  for  each  point 
of  the  wire.  Hence  the  action  of  any  point  a  of  the  first  wire, 
upon  any  point/ of  the  second,  should  be  inversely  proportional 
to  the  square  of  the  distance ;  and  the  entire  force  of  action  of 
one  indefinite  wire  upon  another  should  be  inversely  propor- 
tional  to  the  distance  between  the  two.  (See  Lam^,  Oouro  de 
Physique,  vol.  iii,  p.  286.) 

If  the  currents  cross  each  other  under  a  certain  angle  instead 
of  being  parallel,  it  may  be  seen  by  attending  to  the  mutual 
actions  or  the  separate  points  of  the  two  currents,  that  there 
will  be  attractions  or  repulsions  according  to  the  relative  direc- 
tions of  the  currents  at  the  points;  and  that  the  entire  action 
will  tend  to  brin^  the  two  currents  into  the  same  direction,  in 
which  the  attraction  will  be  a  maximum. 
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jExtemal  Action  of  an  Electric  Current  upon  bodies  in  iheir 
natural  slate, — In  undertaking  to  deduce  from  our  fnndamental 
principles  the  varied  phenomena  of  the  action  of  a  current  upon 
bodies  in  its  vicinity,  we  have  to  consider  that  there  are  two 
modes  in  which  the  external  impulsive  force  of  a  current  may 
act  upon  such  bodies  and  develop  currents ;  the  one  direct^  and 
the  other  indirect.  (1.)  The  propagated  impulses  may  take 
effect  directly  upon  the  atoms  of  the  electric  atmospheres  of  the 
molecules,  impelling  them  in  the  same  direction  that  the  primary 
current  is  moving,  and  so  tend  to  generate  a  current  similar  to 
the  primary.  (2.)  Or  these  same  ethereal  impulses  may  fall 
upon  the  central  atoms  of  the  molecules,  force  up  the  atmos- 
pheres on  the  side  of  the  atoms  upon  which  they  fell,  and  so 
develop  a  current  opposite  to  the  original  one.  We  have  to 
consider,  also,  that  the  external  current-force  may  operate,  the- 
oretically, in  both  these  ways,  either  upon  the  simple  molecules 
which  are  grouped  together  into  compound  molecules,  or  upon 
compound  molecules  as  a  whole.  The  action  upon  the  constituents 
of  the  compound  molecules,  tends  to  develop  currents  within 
the  mass  of  these  molecules.  Among  the  variety  of  especial 
currents  which  may  thus  be  excited,  we  have  particularly  to 
note  those  which  may  be  developed  in  the  surface  of  each  group, 
and  circulate  around  it,  from  particle  to  particle.  If  the  direct 
mode  of  operation  of  the  primary  current  predominates,  such 
circular  currents  are  magnetic;  if  the  indirect  prevail,  they  are 
diamagnetic.  If  the  two  tendencies  countervail  each  other,  the 
substance  is  in  a  neutral  magnetic  condition.  The  neutral  mag- 
netic state  may  also  result  from  the  absence  of  groups  of  parti- 
cles in  the  substance,  within  which  circular  currents  can  be 
established. 

•  To  the  action  of  the  current  upon  each  compound  molecule, 
with  its  own  proper  atmosphere  (p.  241),  as  a  whole,  are  to  be  as- 
cribed the  remarkable  phenomena  o{  Induced  Currents^  especially 
so-called.  Experiment  has  hitherto  failed  to  detect  the  exist- 
ence of  any  current,  from  one  such  molecule  to  another,  or 
through  the  mass  of  a  body,  produced  by  the  uniform  action  of 
an  established  current.  AH  such  induced  currents  result  from 
either  an  increase  or  a  decrease  in  the  effective  action  of  the  in- 
ducing current,  and  are  wholly  due  to  the  indirect  mode  of  ope- 
ration of  this  current.  This  fact  indicates,  in  accordance  with 
the  views  that  have  been  advanced  upon  electric  polarization, 
(p.  242),  that  the  current  develops  a  polarization  in  the  com- 
pound molecules  of  bodies,  which  increases  or  decreases  as  the 
external  impulsive  action  of  the  current  increases  or  decreases, 
but  remains  constant  so  long  as  this  action  continues  the  same. 
This  polarization  is  Faraday  s  "Electro-tonic  state"  of  bodies. 

Magnetism, — The  general  nature  of  the  magnetic  currents,  as 
Am.  Joub.  Sci.— Sbcowd  Sbbiba,  Vol.  XL,  No.  118.--Jult,  1866. 
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distiDguished  from  other  electric  currents,  has  just  been  indicated. 
The  existence  of  such  currents  in  the  surface  of  a  compound 
molecule  seems  to  imply  that  there  is  a  virtual  chain  of  particles 
extending  circularly  around  it,  which  there  would  be  if  the  num- 
ber of  particles  in  each  group  be  large.  Ampi^re's  researches 
have  completely  established  that  the  idea  of  circular  molecular 
currents  is  the  key  to  all  magnetic  phenomena.  It  suflSces,  there- 
fore, for  our  present  purpose,  to  show,  as  has  been  done,  that 
such  currents  are  legitimately  deducible  from  the  fundamental 
conceptions  laid  down  at  the  outset ;  and  that  the  mutually  attrac- 
tive and  repulsive  actions  of  currents  may  also  be  derived  from 
the  same  mechanical  ideas,  (p.  63).  We  adopt,  then,  definitively, 
Ampere's  theory  of  the  constitution  of  a  magnet. 

The  immediate  cause  of  the  development  of  magnetic  currents 
is  the  direct  impulsive  action  of  an  established  current,  taking 
effect  upon  the  particles  in  the  surface  of  compound  molecules. 

In  respect  to  magnetic  properties,  we  have  specially  to  distin- 
guish soft  iron  and  steel.  The  cause  of  their  difference  of  prop- 
erty seems  to  lie  simply  in  a  difference  in  the  conducting  power 
of  the  groups  of  particles  into  which  they  are  aggregated.  If 
in  soft  iron  these  groups  are  good  conductors,  the  electric  ether 
set  in  motion  should  pass  freely  around  them,  unattended  with 
any  material  polarization  of  the  particles,  and  unresisted  by  the 
force  that  results  from  such  polarization,  (p.  246).  When  the 
exciting  cause  ceases  to  operate,  there  is  no  force  remaining  to 
counteract  the  resistance  of  the  universal  ether  to  the  flow  of 
the  electricity,  and  the  retarding  operation  of  contiguous  oppos- 
ing currents.  But  if  we  suppose  that,  in  the  case  of  steel,  the 
molecular  groups  are  imperfect  conductors,  the  magnetizing 
force  will  develop  a  polarization  of  the  separate  molecules;  and, 
as  a  consequence,  the  currents  may  pass  chiefly  through  their 
atmospheres,  as  in  the  case  of  electric  induction,  (p.  248).  In 
this  state  of  things,  when  the  force  is  withdrawn,  it  does  not 
follow  that  the  magnetic  currents  will  entirely  pass  off;  for  there 
would  apparently  be  a  force  in  operation  which  would  tend  to 
retain  currents  of  a  certain  intensity  in  circulation.  This  is  the 
mutual  action  of  the  contiguous  positive  and  negative  sides  of 
two  molecules,  throughout  the  chain.  It  would  seem  that  such 
a  circular  chain  of  particles  would  not,  of  necessity,  attain  to  a 
condition  of  statical  polarization,  but  might  reach  a  dynamical 
equilibrium ;  in  which  the  impulsive  force,  from  each  discharge 
brought  about  by  the  action  of  contiguous  molecules,  should 
restore  the  polarization  lost  by  the  discharge  to  the  next  pre- 
ceding molecule.* 

*  It  is  Tforthy  of  ooosideration,  whether  certain  pheDomena  of  luminosity,  as 
phosphorescence,  heat  lightning,  Ac,  may  not  have  a  similar  origin,  yiz :  in  recur- 
ring discharges  resulting  from  a  previous  molecular  polarization,  established  bj  an 
electric  discharge  through  the  mass;  or  from  a  similar  effect  produced  in  a  feebler 
degree  bj  heat  or  light 
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According  to  this  view,  permanent  magnetization  consists  in 
polarizing  the  molecules,  and  it  is  this  induced  state  which  de- 
termines and  maintains,  in  opposition  to  all  resistances,  currents 
of  a  certain  intensity.  A  certain  amount  of  force  ("  coercive 
force '^  and  a  certain  interval  of  time,  are  expended  in  develop- 
ing this  polarization.  At  the  same  time  it  is  only  when  this  force 
is  exerted  with  this  result  that  permaneut  magnetism  can  exist 
Heat,  or  a  blow,  or  an  electric  aischarge,  by  destroying  the  mo- 
lecular polarization,  may  demagnetize  the  oar.  It  is  also  to  be 
observed  that  intense  heat  may  demagnetize  a  bar,  and  destroy 
the  susceptibility  to  magnetism  in  iron  or  steel,  by  breaking  up 
the  ^oups  of  particles  into  which  the  mass  is  aggregated. 

Diamagneiism. — It  has  already  been  intimated  that  the  dia- 
magnetic  state  into  which  certain  substances,  as  bismuth,  phos- 
phorus, antimony,  &c.,  are  brought  by  the  action  of  a  powerful 
magnet,  probably  consists  in  the  circulation  of  currents  around 
the  compound  molecules  of  the  mass,  in  the  opposite  direction 
to  the  inducing  current ;  and  that  these  currents  result  from  the 
second  mode  of  operation  of  the  external  force  of  the  primary 
current,  (p.  65).  Accordingly,  the  susceptibility  to  diamag- 
netism  must  arise  from  a  special  liability  to  expansion  on  the 
part  of  the  electric  atmospheres  of  the  simple  molecules,  when 
urged  upward  by  the  ethereal  pulses  that  fall  upon  their  central 
atoms. 

Electro-Magnetism. — The  essential  theory  of  the  developement 
of  magnetism  by  electric  currents,  and  of  electro-magnetic  phe- 
nomena generally,  is  embraced  in  what  has  already  l^en  stated, 
(pp.  63-4-6). 

MagnetO'Mectricity. — The  excitation  of  electric  currents  by 
magnetic  action  is  a  phenomenon  of  pure  induction,  and  wm 
be  included  under  the  next  head. 

Induction  of  Electric  Currents. — ^The  term  induction,  as  ordin^ 
arily  used  in  Dynamical  Electricity,  has  reference  only  to  the 
development  of  currents,  through  wires,  or  upon  the  surfaces,  or 
within  the  mass  of  bodies.  It  will  suffice  to  confine  our  atten- 
tion to  the  origination  of  currents  in  wires  forming  a  closed 
circuit.  The  general  idea  of  the  process,  as  contemplated  from 
our  theoretical  point  of  view,  has  already  been  indicated.  The 
fundamental  principle  which  covers  the  whole  ground  is,  that 
whenever  the  action  of  the  impulsive  force  of  any  current  be- 
gins, or  is  on  the  increase,  the  induced  current  sets  in  the  oppo- 
site direction  to  the  inducing  current ;  and  when  the  same  action 
terminates,  or  is  on  the  decrease,  the  induced  flows  in  the  same 
direction  as  the  inducing  current  The  rationale  is,  that  the  ethe- 
real pulses  of  the  originating  force  fall  upon  the  condensed  ether 
at  the  central  portion  of  eacn  group  of  molecules,  and  urge  out- 
ward the  interstitial  eleotrie  ether  on  that  side  of  the  group. 
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This  determines  a  flow  of  a  certain  portion  of  the  electric  ether 
around  to  that  side;  and  a  consequent  positive  polarization  on 
that  side  of  the  group,  or  compound  molecule.  While  this 
process  of  polarization  is  gcrtng  on,  there  must  then  be  a  flow  of 
electricity  from  one  compound  molecule  to  the  next,  in  the  same 
direction  in  which  the  transfer  of  ether  occurs  within  the  mole- 
cules themselves,  as  an  inevitable  attendant  upon  the  increasing 
polarization  (p.  242).  When  the  primary  action  becomes  con- 
stant, there  simply  abides  a  state  of  static  polarization, — aa 
**  electro-tonic  state," — in  which  an  equilibriumjprevails  through- 
out the  circuit.  But  v/hen  this  action  falls  ofl;  the  polarization 
maintained  by  it  must  decline,  and  a  current  arise  setting  in  the 
opposite  direction  to  the  former  one  (p.  67).  The  inducing 
current  may  be  either  electric,  or  magnetic,  so-called.  The  in- 
crease of  its  action  upon  the  adjacent  wire  may  result  either 
from  the  closing  of  the  circuit  in  the  case  of  a  galvanic  cur- 
rent, or  the  magnetization  of  the  iron  when  a  magnet  is  em- 
ployed ;  or  from  the  approach  of  the  current  to  the  wire ;  or 
from  a  change  in  the  position  of  the  wire  in  the  magnetic  field, 
attended  with  an  augmentation  in  the  action  of  the  external  im- 
pulsive force  exerted  by  all  the  circular  currents  of  the  magnet. 
A  decrease  in  the  polarizing  effect  of  the  inducing  current  may 
result  from  an  interruption  of  the  circuit,  or  a  diminution  in  the 
force  of  the  magnet,  or  a  recess  of  the  wire  from  the  current,  or 
a  movement  of  the  wire  in  the  magnetic  field  attended  with  a 
diminished  action  of  the  entire  impulsive  force  of  the  magnet. 

The  oppositely  directed  currents  induced  by  alternately  clos- 
ing and  breaking  the  galvanic  circuit,  when  the  two  contiguous 
wires  are  formed  into  a  hollow  coil,  are  greatly  augmented  by 
inserting  rods,  or  bundles  of  iron  wire  within  the  coil.  The 
explanation  of  this  is,  doubtless,  that  the  direct  action  of  the 
galvanic  current  is  reenforced  by  the  magnetic  currents  which 
it  develops  in  the  iron.  The  other  cases  of  induction  above 
referred  to  need  not  be  dwelt  upon,  with  the  exception  of  that 
resulting  from  the  movement  of  a  wire  to  different  points  of  the 
m^etic  field. 

This  case  has  been  subjected  to  a  rigorous  experimental  analy- 
sis by  Faraday,  who  has  deduced  from  his  researches  the  follow- 
ing general  results.  If  a  wire,  forming  fJart  of  a  closed  circuit, 
be  held  in  a  direction  transverse  to  a  magnet,  and  moved  in  the 
magnetic  field,  across  the  "lines  of  force,  or  magnetic  curves,  a 
current  will  be  induced  in  the  wire.  If  the  wire  be  moved  in 
one  direction  across  these  lines  of  force,  a  current  in  a  certain 
direction  will  arise,  and  if  it  be  moved  across  them  in  the  other 
direction,  a  current  in  the  opposite  direction  will  be  induced. 
The  quantity  of  electricity  set  in  motion  will  depend  upon  the 
number  of  lines  of  force  crossed  by  the  moving  wire,  and  not 
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upon  the  obliquity  of  the  direction  of  the  motion  to  these  lines. 
Thus,  if  the  wire  be  placed  over  the  middle  of  the  magnet,  (m, 
fig.  9),  and  moved  in  any 
direction  from  this  position, 
across  the  lines  of  force  as 
shown  in  the  figure,  a  cur- 
rent will  be  induced  in  it, 
running  in  the  same  direc- 
tion as  the  circular  currents 
on  the  upper  side  of  the  mag- 
net; and  if  the  wire  be  mov- 
ed across  these  lines  toward 
the  middle  of  the  magnet,  a 
current  will  traverse  the  wire 
in  the  opposite  direction.  In 
each  case  the  comparative  quantity  of  electricity  set  in  motion, 
will  depend  solely  upon  the  comparative  number  of  magnetic 
curves  crossed,  ana  not  upon  the  line,  mr,  ms,  or  mt,  along  which 
the  movement  takes  place. 

These  facts  are  in  entire  accordance  with  the  fundamental  prin- 
ple  of  induction,  stated  on  page  67.  For,  (1.)  the  impulsive 
force  of  the  magnet,  at  any  point  of  the  field,  is  the  resultant  of 
the  special  impulsive  forces  due  to  all  the  circular  currents  of 
the  magnet,  and  has  the  same  direction  as  these  currents  in  the 
upper  face  of  the  magnet.  (2.)  This  resultant  will  have  the 
greatest  value  at  the  middle  of  the  magnet,  m,  and  decrease  in 
all  directions  from  this  point.  (8.)  The  curves  of  equal  impul- 
sive force  correspond  very  closely  to  Faraday's  "  lines  of  force." 
For  it  will  be  seen  on  a  little  renection,  that  the  force  will,  be- 
yond a  certain  distance  from  the  middle,  if  not  from  the  very 
middle,  decrease  most  rapidlv  parallel  to  the  surface  of  the  mag- 
net ;  and  that  the  curves  of  equal  impulsive  force,  proceeding 
from  points  on  the  ends  of  the  magnet,  will  recede,  over  the 
middle  of  the  magnet,  to  a  greater  distance  from  it  than  half  its 
length.  This  is  strikingly  true  of  the  curves  that  originate  from 
near  the  center  of  each  end ;  for  at  the  very  center,  the  force  in 
question  vanishes  entirely,  and  therefore  the  curves  for  that 
point  would  be  thrown  to  an  infinite  distance  from  the  middle 
of  the  magnet. 

In  making  a  comparative  estimate  of  the  impulsive  force  of 
the  magnet  in  different  parts  of  the  field,  it  should  be  observed 
that  in  receding  from  the  magnet  the  force  that  results  from  any 
one  molecular  current  is  the  resultant  of  the  opposing  impulses 
propagated  from  the  oppositelv  directed  currents  on  the  nearer 
and  farther  sides  of  the  molecule,  and  that  this  not  only  depends 
upon  the  distance  of  the  point  from  the  molecule,  but  also  upon 
the  obliquity  of  the  line  connecting  the  two,  to  the  plane  of 
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the  circular  current  For  the  same  distance  the  resultant  will 
be  greatest  when  the  point  lies  in  this  plane,  and  zero  when  the 
point  is  opposite  the  center  of  the  current  Bearing  this  in 
mind,  it  may  readily  be  seen  that  if  a  line,  uv,  be  drawn  parallel 
to  the  axis  of  the  magnet,  at  any  distance  from  it,  the  impulsiye 
force  of  the  magnet,  along  this  line,  will  decrease  from  the  point 
n,  opposite  the  middle  of  the  magnet,  indefinitely  in  both  direo- 
tions.  Also  that  the  force  will  decrease  along  a  line,  as  if,  par- 
allel to  the  end,  and  vanish  at  o  in  the  prolongation  of  the  axis. 
To  obtain  a  general  expression  for  the  intensity  of  the  exter- 
nal impulsive  force  of  the  magnet,  let 
<Lbcd^  fig.  10,  be  a  magnet,  and  let  us 
regard  its  effective  action  upon  any  mole- 
<5ule,  atyj  as  the  result  of  the  joint  action 
of  two  sets  of  opposing  currents,  the  one 
lying  in  the  upper  face  oJ,  and  the  other 
in  the  lower  fece  cd.  Let  w/=y,  nr=af, 
nr'^zf^  n6=w,  na=v^  ac=d^  and  m=coefficient  of  the  impulsive 
force  of  an  individual  current  Then  for  the  action  of  r  upon/  we 

mdz  /•  fftdz        tn  "^^z 

have  -T-T — r;  and  for  the  action  of  nr,  /  -r-^ — r  =  —  tang    — hC. 

For  the  entire  action  of  n5,  we  have  the  definite  integral 

—  tang    -.    In  a  similar  manner  we  obtain,  for  the  opposing 

action  of  od,  --r-^tang     "t^*    The  effective  impulsive  action 
of  the  portion  n  odi  of  the  magnet,  will  then  be 

The  effective  action  of  the  other  portion,  naoc,  of  the  magnet^ 
will  be  —  tang -j-^  tang 


y     "^  y     y+d     *  y+d 
We  therefore  have,  for  the  entire  action  of  the  magnet, 

^^' '^"y("''''-^0"yT5H''-^'') ^^^ 

When  y  is  large  as  compared  with  d,  we  have  approximately 

to  =  —(arc  afc  +  arc  bfd) (b.) 

To  obtain  the  equation  of  the  curve  of  equal  impulsive  force, 
let  mn  =  x,  and  rm=<.  Then  nr=z=x+t,  and  ni=M=a;+ 
+fnb=x+a.    Also  na=t;=a— a:.    Hence, 

-(tang  — +taDg  —)-^(^g  ^q^+fng  y-p)=C-(^) 
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C  here  represents  the  constant  intensity  of  the  impulsive  force 
of  the  magnet,  for  one  curve.  The  value  of  C  decreases  as  the 
distance  of  the  curve  from  m,  fig.  9,  increases.  The  equation  (b) 
shows  that  for  the  larger  curves,  except  near  the  magnet,  a/c+ 
b/dj  must  vary  in  nearly  the  same  ratio  with  the  ordinate  y, 
from  one  point  to  another  of  the  curve.  To  the  left  of  the  line 
ak  the  arc  a/c  becomes  negative  in  equation  (b).  Equations  (a) 
and  (c)  fail  for  y=0. 

The  investigation  here  made  proceeds  upon  the  supposition 
that  the  breadth  of  the  magnet  is  indefinitely  small.  If  we  sup- 
pose  it  to  be  indefinitely  great,  the  action  of  each  individual 
transverse  current  upon  any  point,/  fig.  10,  would  be  inversely 
proportional  to  the  distance  of  the  current  from  this  point,'  and 
it  will  be  readily  seen  that  the  amount  of  force  propagated  to/ 
within  any  angle,  as  m/r',  will  be  the  same  whatever  may  be 
the  value  of /n. 

The  equation  for  the  value  of  the  effective  impulsive  force  will 
be  approximately  of  the  form 


«'=*G  +  ^')5 


k  being  a  constant  coefficient  dependent  upon  the  strength  of 
the  magnet, — I  and  I'  the  parts  of  the  length,  a  J,  of  the  magnet, 
comprised  between  the  angles  aj'c  and  bfd  subtended  by  the 
two  ends, — and  n,  n'  the  mean  distances  of  these  parts  from  / 
We  approximate  to  this  state  of  things  in  proportion  as  the 
magnet  is  supposed  to  be  broader,  and  shorter  and  thinner ;  or 
in  proportion  as,  with  a  magnet  of  given  dimensions,  the  point 
/  is  taKen  nearer  to  the  magnet. 

Let  us  now  replace  Faraaay's  lines  of  force  bv  the  curves  of 
equal  impulsive  force  of  the  magnet,  and  consider  what  should 
be  the  eiiect  of  moving  a  wire  across  them,  along  any  line  tnr^ 
ms,  mty  &c.,  (fig.  9). 

It  is  obvious  that  if  the  movement  be  outward,  the  impulsive 
force  taking  efiect  upon  the  wire  will  decrease ;  and  that  if  it  be 
inward,  the  force  will  increase.  Hence,  agreeably  to  the  funda- 
mental principle  before  alluded  to,  (p.  67,)  in  the  first  case  there 
should  DC  an  induced  current  having  the  same  direction  as  the 
currents  of  the  upper  face  of  the  magnet ;  and  in  the  second 
case  a  current  pursuing  the  opposite  direction.  Again,  the 
amount  of  change  of  force  which  results  from  the  displacement 
of  the  wire,  and  therefore  the  quantity  of  electricity  which 
this  charge  sets  in  motion,  should  depend  solely  upon  the 
number  of  curves  traversed.  We  may  add  that  in  whatever 
part  of  the  magnetic  field,  and  in  whatever  direction  the  wire  be 

'  The  individoal  molecolar  corrents  lying  in  a  transrerae  section  of  the  magnet* 
are  here  rapposed  to  be  replaced  by  two  linear  currents  transTeree  to  the  magnet, 
one  in  the  upper  and  the  other  in  the  lower  snrfiEice. 
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supposed  to  move,  the  theoretical  result  is  in  perfect  accordance 
with  the  facts  as  experimentally  established  by  Faraday. 

In  the  foregoing  we  have  supposed  the  wire,  transverse  to  the 
magnet,  to  be  moved  parallel  to  itself  to  various  points  of  the 
magnetic  field ;  but  Faraday  has  shown  that  a  current  may  also 
be  induced  in  the  wire,  by  bending  it  into  a  curve  and  causing 
it  to  revolve  around  the  magnet,  after  one  end  has  been  brought 
into  contact  with  the  equatorial  part  of  the  magnet,  and  the 
other  with  a  wire  or  rod  leading  out 
from  the  pole,  as  shown  in  fig.  11. 
"A  copper  ring  was  fixed  round  and 
in  contact  with  the  equatorial  part, 
and  the  wire,  «,  made  to  bear  by 
spring  pressure  against  this  ring,  and 
also  against  a  ring  on  the  axis."    The  direction  of  the  current 
changed  with  the  direction  of  revolution.     Corresponding  cur- 
rents were  also  obtained  by  rotating  the  magnet  in  the  opposite 
directions,  the  wire  remaining  fixed.    To  explain  these  currents 
upon  the  principles  now  developed,  we  must  first  observe  that 
the  impulsive  force  of  the  magnet  will  impart  a  transverse  polar- 
ization to  the  molecules  of  the  wire.    Now  let  a  motion  of  rev- 
olution be  imparted  to  the  wire,  in  a  direction  opposite  to  that 
of  the  circulation  of  the  magnetic  currents,  and  the  relative  ve- 
locity with  which  the  ethereal  impulses  will  fall  upon  the  mole- 
cules will  be  the  sum  of  the  velocity  due  to  the  impulse,  and 
that  of  the  molecules  themselves  in  the  opposite  direction.    The 
molecules  at  the  end,  e,  of  the  wire,  will  therefore  take  on  a 
higher  polarization  than  is  induced  in  the  copper  ring  by  the 
magnet  simply.    This  polarization  should  be  attended  with  a 
disturbance  of  the  electric  condition  of  the  molecules  in  the 
direction  of  the  length  of  the  wire.    There  should,  then,  be  an 
inequality  in  this  disturbance  at  the  point  of  contact,  e.     This 
inequality  should  originate  a  current  that  would  pass  around 
the  circuit.  Let  v  denote  the  velocity  answering  to  the  magnetic 
impulse,  and  v'  the  velocity  of  revolution  of  the  molecule  at  e. 
Then  the  effect  due  to  the  polarizing  force  at  the  end,  e,  of  the 
wire,  maybe  represented  by  m  (v+t/)*,  and  that  induced  in  the 
contiguous  particles  of  the  copper  ring  by  mv*.    The  diflference 
is  mv\2v+v'\  which  represents  the  electro-motive  force  of  the 
current.    If  the  wire  were  made  to  revolve  around  an  unmag- 
netized  bar,  the  originating  force  of  the  current  would  be  mi/*. 
The  electro-motive  force  just  mentioned  would  exceed  this  nearly 
in  the  ratio  of  2t;  to  t/.    A  very  high  velocity  of  revolution  of 
the  wire  would  therefore  be  reqjuired  to  develop  a  sensible  cur- 
rent, if  the  bar  were  unmagnetized.    The  above  expression  for 
the  electro-motive  force,  viz,  mt;'(2t;+t;'),  which  is  nearly  equal 
to  2mvty,  shows  that  this  force  is  proportional  to  the  velocity,  t/, 
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of  revolution  of  the  wire.  The  entire  force  developed  in  ten 
revolutions  of  the  wire  should  then  remain  the  same,  if  the  ve- 
locity of  revolution  should  be  changed,  (as  determined  by  Fara- 
day). If  the  magnet  rotates  in  the  opposite  direction  its  im- 
pulses against  the  ether  will  be  correspondingly  increased,  and 
the  result  will  be  the  same. 

Faraday,  in  certain  papers  originally  published  in  the  Philo- 
sophical Magazine,  and'  the  Philosophical  Transactions,  has  in- 
dulged in  ingenious  speculations  upon  the  probable  physical 
character  of  the  lines  of  magnetic  force,  and  distinctly  intimates 
that  he  inclines  to  the  opinion  that  they  have  in  reality  a  physi- 
cal existence,  correspondent  to  their  analogues  the  electric  lines," 
instead  of  being  simply  **  representants  of  magnetic  power,"  or 
lines  of  resultant  magnetic  action.  In  speculating  upon  the 
question  in  what  this  physical  existence  may  consist,  he  remarks 
that  "  it  may  be  a  vibration  of  the  hypothetical  SBther,"  (along 
the  lines),  or  a  state  or  tension  of  that  aether  equivalent  to  either 
a  dynamic  or  a  static  condition,  or  it  may  be  some  other  state." 
The  results  arrived  at,  in  the  present  paper,  are  opposed  to  these 
speculative  ideas  of  the  great  English  physicist,  for  our  conclu- 
sions are  that  the  lines  upon  which  the  phenomena  of  induction 
by  a  magnet  depend  are  merely  lines  of  equal  magnetic  action ; 
but  the  action  is  that  of  a  force  whose  existence  has  not  hereto- 
fore been  recognized,  viz,  the  so-called  impulsive  force  of  the 
magnet. 

(To  be  oondoded.) 


Art.  IX. — On  the  Spectra  of  some  of  the  Fixed  Stars  ;  by  WiLLlAM 
Huggins,  F.RA.S.,  and  Prof  W.  A.  Miller,  V.P.R.S.,  and 
On  the  Spectra  of  sonie  of  the  Nebulas;  by  William  Hug- 
gins, F.RA.S. 

Mr.  Huggins  and  Prof  Miller  presented  to  the  Eoyal  Soci- 
ety of  London,  on  the  26th  of  May,  1864,  an  important  paper  on 
the  spectra  of  some  of  the  fixed  stars,  and  Mr.  Huggins  presented 
one  on  the  8th  of  September  on  the  spectra  of  some  of  the  neb- 
ula. By  a  peculiar  adaptation  of  the  spectroscope  to  a  telescope 
of  10  feet  focal  length  and  8  inches  aperture,  they  were  able  to 
make  a  direct  comparison  of  the  spectra  of  the  moon,  planets, 
fixed  stars,  and  nebulaa,  with  the  spectra  of  the  several  chemical 
elements.  The  following  are  some  of  the  more  important  points 
of  the  two  papers. 

The  result  of  the  analysis  of  the  light  of  the  moon  is  wholly 
negative  as  to  the  existence  of  any  considerable  lunar  atmos- 
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Bphere.  The  spectra  of  the  planets  Jupiter,  Saturn,  Mars,  and 
Venns,  agree  essentially  with  the  solar  spectrum.  DiflFerences 
however  exist  which  cannot  be  due  to  the  earth's  atmosphere. 
The  evidence  afforded  by  the  prism  of  the  existence  of  atmos- 
pheres around  these  planets  is  imperfect.  This  may  be  explained 
oy  supposing  the  lignt  to  be  reflected  from  masses  of  clouds  in 
the  upper  strata  of  thin  atmospheres,  and  not  from  the  surface 
of  the  planets. 

Observations  on  the  Fixed  Stars. — The  number  of  fixed  stars 
which  we  have,  to  a  greater  or  less  extent,  examined  amounts 
to  nearly  50.  We  have,  however,  concentrated  our  efforts  upon 
three  or  four  of  the  brighter  stars,  and  two  only  of  these  have 
been  mapped  with  any  degree  of  completeness.  These  spectra 
are,  indeed,  as  rich  in  lines  as  that  of  the  sun,  and  even  with 
these  it  may  be  advantageous  to  compare  the  spectra  of  addi- 
tional metals  when  the  season  is  again  favorable. 

a  Tauri  (Aldebaran). — The  light  of  this  star  is  of  a  pale  red. 
When  viewed  in  the  spectroscope,  numerous  strong  lines  are  at 
once  evident,  particularly  in  the  orange,  the  green,  and  the  blue 
portions.  The  positions  of  about  seventy  of  these  lines  have 
been  measured. 

We  have  compared  the  spectra  of  sixteen  of  the  terrestrial 
elements  by  simultaneous  observation  with  the  spectrum  of  Al- 
debaran, of  course  selecting  those  in  which  we  had  reason,  from 
the  observations,  to  believe  coincidence  was  most  likely  to  occur. 
Nine  of  these  spectra  exhibited  lines  coincident  with  certain  lines 
in  the  spectrum  of  the  star.  They  are  as  follows  isodium,  mag- 
nesium, hydrogen,  calcium,  iron,  bismuth,  tellurium,  antimony,  and 
mercury. 

Seven  other  elements  were  compared  with  this  star,  viz.  nitro- 
gen, cobalt,  tin,  lead,  cadmium,  lithium,  and  barium.  No  coinci- 
dence was  observed.  With  nitrogen  three  strong  double  lines 
were  compared,  with  cobalt  one  strong  single  line  and  a  double 
line,  with  tin  five  lines,  with  lead  two  strong  lines,  with  cadmium 
three  lines,  with  barium  two  of  the  strongest  in  the  green,  and 
with  lithium  the  line  in  the  orange,  but  were  found  to  be  with- 
out any  strong  lines  in  the  star-spectrum  corresponding  with 
them. 

a  Orionis. — The  light  of  this  star  has  a  decided  orange  tinge. 
None  of  the  stars  Which  we  have  examined  exhibits  a  more 
complex  or  remarkable  spectrum  than  this. 

Tne  spectra  obtained  from  sixteen  elementary  bodies  were  ob- 
served simultaneously  with  it.  In  five  of  these,  viz.  aodium, 
magnesitim,  calcium,  iron,  and  bismuth,  lines  corresponding  with 
certain  stellar  lines  were  found  to  exist. 

The  bright  green  line  so  characteristic  of  thallium  appears  to 
coincide  with  one  of  the  lines  seen  in  the  star-spectrum ;  but  this 
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line  mhj  be  due  to  calcium,  since  the  small  difference  betweea 
the  position  of  the  thallium  line  and  that  of  one  of  the  calcium 
lines  very  close  to  it,  would  not  be  distinguishable  with  the  dis- 
persive power  of  the  apparatus  employed. 

In  the  spectra  of  the  other  elements  which  we  compared  with 
that  of  the  star,  no  coincidences  occur.  There  is  no  line  coinci- 
dent with  the  red  line  C  of  hydrogen  ;  but  in  the  star  are  two 
strong  lines,  one  on  either  side  of  the  position  of  C :  there  is 
also  no  line  coincident  with  F.  It  is  strikingly  confirmatory 
of  this  methed  of  analysis,  that  in  all  the  stars  hitherto  ex- 
amined by  us  in  which  a  line  corresponding  to  0  exists,  thai 
corresponding  to  F  is  also  found.  When  F  is  absent,  C  is  also 
wanting.  In  nitroge:ik  three  strong  double  lines  were  compared. 
In  tin  five  lines,  and  in  lead  two  bright  lines  were  compared^ 
but  no  coincidence  was  found. 

The  strongest  of  the  gold  lines  approximates  closely  in  posi- 
tion to  one  in  the  spectrum  of  the  star,  but  it  is  probably  not 
coincident.  Three  of  the  strong  lines  of  cadmium^  two  oi  silver^ 
four  of  mercury^  two  of  barium^  and  one  (the  orange  line)  of  Uth^ 
ium^  were  observed  to  be  not  coincident  with  any  of  the  lines 
yisible  in  the  star.  In  these  comparisons,  when  barium  was 
used,  it  was  employed  in  the  form  of  a  nearly  solid  amalgam. 

§  Pegasi, — The  color  of  this  star  is  a  fine  yellow.  In  the  gen- 
eral arrangement  of  the  groups,  in  the  gradation  of  the  strength 
of  the  lines  composing  the  groups,  and  in  the  absence  of  the  hy- 
drogen lines,  this  spectrum,  though  much  fainter,  is  closely  anai- 
ogous  with  the  spectrum  of  « Orionis.  Nine  of  the  elements 
were  compared  with  it  Two  of  these,  viz.  sodium,  and  magne- 
sium^ and  perhaps  a  third,  viz.  barium,^  furnish  spectra  in  which 
there  are  lines  which  coinicide  with  lines  in  the  spectrum  of 
the  star. 

The  spectra  of  iron  and  manganese  were  also  compared  with 
that  of  the  star,  but  the  state  of  the  atmosphere  prevented  any 
certain  conclusion.  The  lines  in  the  spectra  of  nitrogen^  <m,  ana 
mercury^  were  not  coincident  with  any  definite  lines  in  the  star- 
spectrum.  Neither  of  the  hydrogen  lines  corresponding  to  C  and 
F  was  present 

The  absence  in  the  spectrum  of  «  Ononis,  and  also  in  the  spec- 
trum of  ?  Pegasi  which  so  closely  resembles  it  in  character,  of 
lines  corresponding  to  those  of  hydrogen,  is  an  observation  of 
oonsiderable  interest.  It  is  of  the  more  importance  since  the 
lines  C  and  F  are  highly  characteristic  of  the  solar  spectrum  and 
and  of  the  spectra  of  by  far  the  larger  number  of  the  fixed  stars 
to  which  our  observations  have  been  extended.  These  excep- 
tions are  further  interesting  as  they  seem  to  provQ  that  the  lines 
C  and  F  are  due  to  the  luminous  bodies  themselves.  Of  this  some 
doubt  might  be  entertained,  and  it  might  be  suspected  that  they 
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are  in  some  way  due  to  our  own  atmosphere,  if  these  lines  were 
present  in  the  spectra  of  aU  the  stars  without  exception.  This 
absence  of  the  lines  corresponding  to  hydrogen  is  also  the  inore 
entitled  to  consideration,  since  it  is  so  rare  to  find  them  wanting, 
amongst  the  considerable  number  of  stellar  spectra  which  we 
have  observed. 

/Siriif^.— Three  if  not  four  elementary  bodies  have  been  found 
to  furnish  spectra  in  which  lines  coincide  with  those  of  Sinus, 
yiz.  sodium^  magnesium^  hydrogen,  and  probably  iron. 

The  whole  spectrum  of  Sirius  is  crossed  by  a  very  large  num- 
ber of  faint  and  fine  lines.  It  is  worthy  of  notice  tjiat  in  the 
case  of  Sirius,  and  a  large  number  of  the  white  stars,  at  the  same 
time  that  the  hydrogen  lines  are  abnormally  strong  as  compared 
with  the  solar  spectrum,  all  the  metallic  fines  are  remarkably 
faint. 

a  Lyroe  (Vega). — This  is  a  white  star  having  a  spectrum  of  the 
same  class  as  Sirius,  and  as  full  of  fine  lines  as  the  solar  spectrum. 

General  Observations. — Probably  in  the  constitution  of  the  stars 
as  revealed  by  spectrum  analysis,  we  shall  find  the  origin  of  the 
differences  in  the  color  of  stellar  light.  Since  spectrum  analysis 
shows  that  certain  of  the  laws  of  terrestrial  physics  prevail  in  the 
sun  and  stars,  there  can  be  little  doubt  that  the  immediate  source 
of  solar  and  stellar  light  must  be  solid  or  liquid  matter  main- 
tained in  an  intensely  incandescent  state,  the  result  of  an  exceed- 
ingly high  temperature.  For  it  is  from  such  a  source  idone  that 
we  can  produce  light  even  in  a  feeble  degree  comparable  with 
that  of  the  sun. 

The  light  from  incandescent  solid  and  liquid  bodies  affords 
an  unbroken  spectrum  containing  rays  of  light  of  everjr  refrangi- 
bility  within  the  portion  of  the  spectrum  which  is  visible.  As 
this  condition  of  the  light  is  connected  with  the  state  of  soliditj 
or  liquidity,  and  not  with  the  chemical  nature  of  the  body,  it  is 
highly  probable  that  the  light  when  first  emitted  from  the  photo- 
sphere, or  light-dving  surface  of  the  sun  acid  of  the  stars,  would 
be  in  all  cases  identical. 

The  source  of  the  difference  of  color,  therefore,  is  to  be  sought 
in  the  difference  of  the  constituents  of  the  investing  atmospheres. 
The  atmosphere  of  each  star  must  vary  in  nature  as  the  constitu- 
ents of  the  star  vary;  and  observation  has  shown  that  the  stars 
do  differ  from  the  sun  and  from  each  other  in  respect  of  the 
elements  of  which  they  consist.  The  light  of  each  star  therefore 
wili  be  diminished  by  the  loss  of  those  rays  which  correspond  in 
refrangibility  to  the  oright  lines  which  tne  eonstituents  of  each 
atmosphere  would,  in  the  incandescent  state,  be  capable  of  emit- 
ting. In  proportion  as  these  dark  lines  preponderate  in  particu- 
lar parts  of  the  spectrum,  so  will  the  colors  in  which  they  occur 
be  weaker,  and  consequentdy  the  eolors  of  other  refrangibilities 
will  predominate. 
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Observations  on  the  Planetary  Nebulce. — These  wondrous  objects 
present  in  the  telescope  slightly  oval  disks.  For  this  reason  they 
were  placed  by  Sir  William  Herschel  in  a  class  by  themselves. 
They  present  but  little  indication  of  resolvability.  The  color  of 
their  light,  which  in  the  case  of  several  is  blue  tinted  with  green, 
is  remarkable,  since  this  is  a  color  extremely  rare  amongst  sin- 
gle stars.  These  nebulae,  too,  agree  in  showing  no  indication 
of  central  condensation.  By  these  appearances  the  planetary 
nebul»  are  specially  marked  as  objects  which  probably  present 
phenomena  of  an  order  altogether  different  from  those  which 
characterize  the  sun  and  the  fixed  stars.  On  this  account,  as 
well  as  because  of  their  brightness,  I  selected  these  nebulae  as 
the  most  suitable  for  examination  with  the  prism. 

The  numbers  and  description  of  the  nebulas,  are  taken  from 
the  last  Catalogue  of  Sir  John  Herschel. 

[87  H.  IV.  A  planetary  nebula  in  Draco,  very  bright ;  pretty 
small;  suddenly  brighter  in  the  middle,  very  small  nucleus.] 

On  August  29,  1864, 1  directed  the  telescope  armed  with  the 
spectrum  apparatus  to  this  nebula.  At  first  I  suspected  some 
derangement  of  the  instrument  had  taken  place;  for  no  spectrum 
was  seen,  but  only  a  short  line  of  light  perpendicular  to  the  direc- 
tion of  dispersion.  I  then  found  that  the  light  of  this  nebula, 
unlike  any  other  ex-terrestrial  light  which  had  yet  been  subject- 
ed by  me  to  prismatic  analysis,  was  not  composed  of  light  of  dif- 
ferent refrangibilities,  and  therefore  could  not  form  a  spectrum. 
A  great  part  of  the  light  from  this  nebula  is  monochromatic,  and 
after  passing  through  the  prisms  remains  concentrated  in  a  bright 
line  occupying  in  the  instrument  the  position  of  that  part  of  the 
spectrum  to  which  its  light  corresponds  in  refrangibility.  A 
more  careful  examination  with  a  narrower  slit,  however,  snowed 
that,  a  little  more  refrangible  than  the  bright  line,  and  separated 
from  it  by  a  dark  interval,  a  narrower  and  much  fainter  line  oc- 
curs. Beyond  this,  again,  at  about  three  times  the  distance  of 
the  second  line,  a  third,  exceedingly  faint  line  was  seen.  The 
positions  of  these  lines  in  the  spectrum  were  determined  by  a 
simultaneous  comparison  of  them  in  the  instrument  with  the 
spectrum  of  the  induction  spark  taken  between  electrodes  of 
magnesium.  The  strongest  line  coincides  in  position  with  the 
brightest  of  the  air  lines.  This  line  is  due  to  nitrogen,  and 
occurs  in  the  spectrum  about  midway  between  b  and  F  of  the 
solar  spectrum. 

The  faintest  of  the  lines  of  the  nebula  agrees  in  position  with 
the  line  of  hydrogen  corresponding  to  Fraunhofer's  F.  The 
other  bright  line  was  compared  with  the  strong  line  of  barium  ; 
this  line  is  a  little  more  refrangible  than  that  belonging  to  the 
nebula. 
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Besides  these  lines,  an  exceedingly  faint  spectrum  was  just 
perceived  for  a  short  distance  on  both  sides  of  the  group  of 
bright  lines.  I  suspect  this  is  not  uniform,  but  is  crossed  with 
dark  spaces.  Subsequent  observations  on  other  nebulaa  induce 
me  to  regard  this  faint  spectrum  as  due  to  the  solid  or  liquid 
matter  of  the  nucleus,  and  as  quite  distinct  from  the  bright  lines 
into  which  nearly  the  whole  of  the  light  from  the  nebulae  is  con- 
centrated.  The  color  of  this  nebula  is  greenish  blue. 

[6  £.  A  planetary  nebula  in  Taurus  Poniatowskii,  very  bright; 
very  small;  round;  little  hazy.]  The  spectrum  is  essentially 
the  same  as  that  of  37  H.  IV.  The  three  bright  lines  occupy 
the  same  positions  in  the  spectrum,  which  was  determined  by 
direct  comparison  with  the  spectrum  of  the  induction  spark. 
These  lines  have  also  the  same  relative  intensity.  They  are 
exceedingly  sharp  and  well  defined.  The  presence  of  an  ex- 
tremely faint  spectrum  was  suspected.  In  connexion  with  this 
it  is  important  to  remark  that  this  nebula  does  not  possess  a 
distinct  nucleus.     The  color  of  this  nebula  is  greenish  olue. 

[73  H.  IV.  A  planetary  nebula  in  Cygnus  with  a  central  star. 
Bright ;  pretty  large ;  round ;  star  of  the  11th  magnitude  in 
the  middle.]  The  same  three  bright  lines  were  seen.  Their 
positions  in  the  spectrum  were  verified  by  direct  comparison 
with  the  induction  spark.  In  addition  to  these  a  spectrum 
could  be  traced  from  about  D  to  about  G  of  the  solar  spectrum. 
This  spectrum  is  much  stronger  than  the  corresponding  spec* 
trum  of  37  H.  IV.  This  agrees  with  the  greater  brightness  of 
the  central  star,  or  nucleus.  The  opinion  that  the  fetint  contin- 
uous spectrum  is  formed  alone  by  the  light  from  the  bright  cen- 
tral point  was  confirmed  by  the  following  observation.  When 
the  cylindrical  lens  was  removed,  the  three  bright  lines  remained 
of  considerable  length,  corresponding  to  the  diameter  of  the  tele- 
scopic image  of  the  nebula ;  but  the  &int  spectrum  became  as 
narrow  as  a  line,  showing  that  this  spectrum  is  formed  by  light 
which  comes  from  an  object  of  which  the  image  in  the  telescope 
is  a  point  Lord  Bosse  remarks  of  this  nebula,  "  A  very  re- 
markable object,  perhaps  analogous  to  H.  450."  The  color  of 
this  nebula  is  greenish  blue. 

[61 H.  rV.  A  planetary  nebula  in  Sagittarius.  Bright ;  ver? 
snudl;  round.]  This  nebula  is  less  bright  than  those  which 
have  been  described.  The  two  brighter  of  the  lines  were  well 
defined,  and  were  directly  compared  with  the  induction  spark. 
The  third  line  was  seen  only  by  glimpses.  I  had  a  suspicion  of 
an  exceedingly  faint  spectrum.     The  color  of  this  nebula  is 

Seenish  blue.    Lord  Bosse  remarks,  ''  Center  rather  dark.    The 
xk  part  is  a  little  north  preceding  the  middle. 
[1  H.  IV.     An  exceedingly  interesting  object  in  Aquarius. 
Planetary;  very  bright;   small;  elliptic]     The  three  bright 
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lines  very  sharp  and  distinct.  They  were  compared  for  posi- 
tion with  the  induction  spark.  Though  this  object  is  bright, 
an  indication  only  of  the  faint  spectrum  was  suspected.  This 
nebula  contains  probably  a  very  small  quantity  of  matter  con- 
densed into  the  liquid  or  solid  state.  The  color  of  the  liffht  of 
this  nebula  is  greenish  blue.  Lord  Bosse  has  not  detected  any 
central  star,  nor  any  perforation,  as  seen  in  some  of  the  other 
planetary  nebulae.  He  represents  it  with  ansae,  which  probably 
indicate  a  nebulous  ring  seen  edgeways. 

[57  M.  An  annular  nebula  in  Lyra;  bright;  pretty  large; 
considerably  elongated.] — The  apparent  brightness  of  this  neb- 
ula, as  seen  in  the  telescope,  is  probably  due  to  its  large  extent, 
for  the  faintness  of  its  spectrum  indicates  that  it  has  a  smaller 
intrinsic  brightness  than  the  nebulae  already  examined.  The 
brightest  of  the  three  lines  was  well  seen.  I  suspected  also  the 
presence  of  the  next  in  brightness.  No  indication  whatever  of 
a  faint  spectrum.  The  bright  line  looks  remarkable,  since  it 
consists  of  two  bright  dots  corresponding  to  sections  of  the  ring, 
and  between  these  there  was  not  darkness,  but  an  excessively 
faint  line  joining  them.  This  observation  makes  it  probable 
that  the  faint  nebulous  matter  occupying  the  central  portion  is 
similar  in  constitution  to  that  of  the  ring.  The  bright  line  was 
compared  with  the  induction-spark. 

[18  H.  IV.  Planetary ;  verv  bright ;  pretty  small,  round, 
blue.] — With  a  power  of  600  this  nebula  appears  distinctly  an- 
nular. The  color  of  its  light  is  greenish  blue.  The  spectrum 
formed  by  the  light  from  this  nebula  corresponds  with  that  of  87 
H.  IV.  In  the  spectrum  of  this  nebula,  however,  in  addition 
to  the  three  bright  lines,  a  fourth  bright  line,  excessivelv  faint, 
was  seen.  This  line  is  about  as  much  more  refrangible  tnan  the 
line  agreeing  in  position  with  F  as  this  line  is  more  refrangible 
than  the  brightest  of  the  lines,  which  coincides  with  a  line  of 
nitrogen. 

[27  M.  Very  bright;  very  lar^e;  irregularly  extended. 
Dumb-bell.     In  Vulpecula.] — ^The  light  of  this  nebula,  after 

f)a88ing  through  the  prisms,  remained  concentrated  in  a  bright 
ine  corresponding  to  the  brightest  of  the  three  lines.  Thishne 
appeared  nebulous  at  the  edges.  No  trace  of  the  other  lines  was 
perceived,  nor  was  a  faint  continuous  spectrum  detected.  The 
bright  line  was  ascertained,  by  a  simultaneous  comparison  with 
the  spectrum  of  the  induction  spark,  to  agree  in  position  with 
the  brightest  of  the  lines  of  nitrogen.  Minute  points  of  light 
have  been  observed  in  this  nebula  by  Lord  Eosse,  Otto  Struve, 
and  others ;  the  spectra  of  these  bright  points,  especially  if  con- 
tinuous like  those  of  stars,  are  doubtless  invisible  from  exces- 
sive faintness.  By  suitable  movements  given  to  the  telescope, 
different  portions  of  the  image  of  the  nebula  formed  in  the  tele- 
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scope  were  caused  successively  to  fall  upon  the  opening  of  the 
slit,  which  was  about  yV  i^ch  by  -gij  inch.  This  method  of 
observation  showed  that  the  light  from  diflferent  parts  of  the 
nebula  is  identical  in  refrangibilitj,  and  varies  alone  in  degree 
of  intensity. 

In  addition  to  these  objects  the  following  were  also  observed : 

[92  M.  Very  bright  globular  clusters  of  stars  in  Hercules.] 
The  bright  central  portion  was  brought  upon  the  slit.  A  faint 
spectrum  similar  to  that  of  a  star.  The  light  could  be  traced 
from  between  C  and  D  to  about  G.  Too  faint  for  the  observa- 
tion of  lines  of  absorption. 

[50  H.  IV.  Very  bright ;  large ;  round.  In  Hercules.]  The 
spectrum  similar  to  that  of  a  faint  star.  No  indication  of  bright 
lines. 

[31  M.]  The  brightest  part  of  the  great  nebula  in  Androm- 
eda was  brought  upon  the  slit.  The  spectrum  could  be  traced 
from  about  D  to  F.  The  light  appeared  to  cease  very  abruptly- 
in  the  orange ;  this  may  be  due  to  the  smaller  luminosity  of  this 
part  of  the  spectrum.    No  indication  of  the  bright  lines. 

[82  M.  very  bright;  large;  round;  pretty  suddenly  much, 
brighter  in  the  middle.]  This  small  but  very  bright  compan- 
ion of  the  great  nebula  in  Andromeda  presents  a  spectrum 
apparently  exactly  similar  to  that  of  31  M.  The  spectrum  ap- 
pears to  end  abruptly  in  the  orange ;  and  throughout  its  length 
IS  not  uniform,  but  is  evidently  crossed  either  by  lines  of  ab- 
sorption or  by  bright  lines. 

[65  Androm.  Fine  nebulous  star  with  strong  atmosphere.] 
The  spectrum  apparently  similar  to  that  of  an  ordinary  star. 

[26  IV.  Very  bright  cluster  in  Eridanus.]  The  spectrum 
could  be  traced  from  the  orange  to  about  the  blue.  No  indica- 
tion of  the  bright  lines.  Several  other  nebul»  were  observed, 
but  of  these  the  light  was  found  to  be  too  faint  to  admit  of  sat- 
isfactory examination  with  the  spectrum  apparatus. 

It  is  obvious  that  the  nebute  37  H.  IV,  6  2.,  73  H.  IV,  51  H. 
IV,  1 H.  IV,  57  M,  18  H.  IV,  and  27  M,  can  no  longer  be  regarded 
as  aggregations  of  suns  after  the  order  to  which  our  own  sun  and 
the  fixed  stars  belong.  We  have  in  these  objects  to  do  no  longer 
with  a  special  modification  only  of  our  own  type  of  suns,  but 
find  ourselves  in  the  presence  of  objects  possessing  a  distinct 
and  peculiar  plan  of  structure. 

In  place  of  an  incandescent  solid  or  liquid  body  transmitting 
light  of  all  refrangibilities  through  an  atmosphere  which  inter- 
cepts by  absorption  a  certain  number  of  them,  such  as  our  sun 
appears  to  be,  we  must  probably  regard  these  objects,  or  at  least 
their  photo-surfaces,  as  enormous  masses  of  luminous  gas  or  va- 
por.   For  it  is  alone  from  matter  in  the  gaseous  state  that  light 
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consisting  of  certain  definite  refrangibilities  only,  as  is  the  case 
with  the  light  of  these  nebulae,  is  known  to  be  emitted. 

Such  gaseous  masses  would  be  doubtless,  fix)m  many  causes, 
unequally  dense  in  diflFerent  portions ;  and  if  matter  condensed 
into  the  liquid  or  solid  state  were  also  present,  it  would,  fix)m 
its  superior  splendor,  be  visible  as  a  bright  point  or  points  within 
the  disk  of  the  nebula.  These  suggestions  are  in  close  accord- 
ance with  the  observations  of  Lord  Eosse. 

Another  consideration  which  opposes  the  notion  that  these 
nebulae  are  clusters  of  stars  is  found  in  the  extreme  simplicity 
of  constitution  which  the  three  bright  lines  suggest,  whetner  or 
not  we  regard  these  lines  as  indicating  the  presence  of  nitrogen, 
hydrogen  and  a  substance  unknown. 

It  is  perhaps  of  importance  to  state  that,  except  nitrogen,  no 
one  of  thirty  of  the  chemical  elements  the  spectra  of  which  I 
have  measured  has  a  strong  line  very  near  the  bright  line  of  the 
nebulae.  If,  however,  this  line  were  due  to  nitrogen,  we  ought 
to  see  other  lines  as  well ;  for  there  are  specially  two  strong 
double  lines  in  the  spectrum  of  nitrogen,  one  at  least  of  which, 
if  they  existed  in  the  light  of  the  nebulae,  would  be  easily  visi- 
ble. In  my  experiments  on  the  spectrum  of  nitrogen,  I  found 
that  the  character  of  the  brightest  of  the  lines  of  nitrogen,  that 
with  which  the  line  in  the  nebulae  coincides,  diflfers  from  that  of 
the  two  double  lines  next  in  brilliancy.  This  line  is  more  neb- 
ulous at  the  edges,  even  when  the  slit  is  narrow  and  the  outer 
lines  are  thin  and  sharp.  The  same  phenomenon  was  observed 
with  some  of  the  other  elements.  We  do  not  yet  know  the 
origin  of  this  difference  of  character  observable  among  lines  of 
the  same  element.  May  it  not  indicate  a  physical  difference  in 
the  atoms,  in  connexion  with  the  vibrations  of  which  the  lines 
are  probably  produced  ?  The  speculation  presents  itself,  whether 
the  occurrence  of  this  one  line  only  in  the  nebulae  may  not  in- 
dicate a  form  of  matter  more  elementary  than  nitrogen,  and 
which  our  analysis  has  not  yet  enabled  us  to  detect. 


Abt.  X. — Reactions  of  Oelaiine;  by  M.  Carey  Lea,  Philadelphia. 

I  HAVE  been  occupied  at  times  for  some  years  past  with  the 
study  of  this  very  interesting  substance,  and  propose  here  to 
describe  a  new  reaction  vhich  I  have  observed,  and  which  con- 
stitutes, I  believe,  the  first  colored  reaction  described  as  pro- 
duced between  pure  gelatine  and  a  perfectly  colorless  reagent 
It  is  true  that  the  precipitate  produced  in  gelatine  solutions  by 

fdlotannic  acid  is  much  deeper  in  color  than  the  precipitant, 
ut  the  straw-yellow  color  of  gallotannic  acid  naturally  leads  to 
Aif.  JouB.  Sci.— Second  Sebus,  Vol.  XL,  No.  118.— July,  1865. 
11 
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the  expectation  of  colored  combinations,  whereas  in  the  case  I 
am  about  to  mention,  the  precipitant  is  colorless,  and  the  pro- 
dnotion  of  a  marked  color  seems  to  point  to  a  more  complete 
action  than  that  of  simple  combination. 

When  a  piece  of  gelatine  is  dropped  into  an  acid  solution  of 
pernitrate  of  mercury,  it  gradually  assumes  a  strong  red  colora- 
tion, and  after  a  time,  dissolves  in  it  completely  at  ordinary  tem- 
peratures, to  a  fine  red  solution.  This  solution  deepens  a  little 
if  boiled  for  some  minutes.  By  chlorate  of  potash,  the  hot  solu- 
tion is  quickly  decolorized,  ana  passes  to  pale  dirty  yellow. 

This  red  coloration  seems  to  require  a  certain  amount  of  time 
for  its  production,  which  cannot  be  replaced  by  heat.  If  a  piece 
of  gelatine  be  immersed  in  the  solution  of  protonitrate  and  boiled 
for  some  minutes  it  is  dissolved  but  the  solution  thus  obtained 
is  not  red,  but  yellowish. 

It  is  to  be  regretted  that  the  rea6tion  here  described  is  not 
more  delicate.  It  is  only  striking  when  tolerably  strong  solu- 
tions of  gelatine  are  employed.  When  the  solution  is  very 
weak,  as  for  example,  if  tne  gelatine  constitutes  only  one  half  of 
one  per  cent  of  the  mixed  hquids,  the  limit  of  the  delicacy  of 
the  test  is  reached.  Such  a  solution,  by  standing  twenty -four 
hours,  exhibits  a  light  but  distinct  pink  color.  Although  this 
delicacy  is  not  what  may  be  desired,  still,  colloid  organic  sub- 
stances are  so  comparatively  diflBicult  of  qualitative  detection 
as  a  general  thing,  that  the  method  is  not  without  value. 

The  experiment  was  next  extended  to  metagelatine.  A  neu* 
tral  metagelatine  was  prepared  in  the  following  manner. 

Gelatine  was  set  to  swell  in  cold  saturated  solution  of  oxalic 
acid,  and  then  a  moderate  heat  was  applied  for  a  sufficiently  long 
time  for  the  mass  to  remain  quite  fluid  when  cold.  It  was  then 
agitated  with  precipitated  carbonate  of  lime  until  the  whole  of 
the  oxalic  acid  was  got  rid  o£  Metagelatine  prepared  in  this 
way  was  kept  for  months  in  a  corked  vial  in  a  warm  room  with- 
out showing  any  disposition  to  putrefy.  It  was  almost  as  fluid 
as  water:  perfectly  neutral  and  almost  insipid  to  the  taste. 

With  this  metagelatine,  the  red  coloration  was  produced  even 
more  decidedly  than  with  ordinary  gelatine.  The  addition  of 
the  acid  solution  of  per-nitrate  of  mercury  produced  at  first  a 
whitish  flocGulent  precipitate,  which,  by  standing,  acquired  a 
strong  red  color,  as  did  tne  supernatant  liquid. 

Philadelphia,  Maj  12, 18C5. 
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Art.  XL — Influence  of  Gravity  on  Magnetic  Dedinaium;^  by 
Pliny  Eable  Chase,  M.A.,  S.P.A.S. 

In  my  first  communication  on  the  diurnal  variation  of  the 
barometer,  [Proceedings  A.  P.  S.,  ix,  284],  I  expressed  the  belief 
that  a  careful  investigation  would  "  show  a  mutual  connection 
through  which  all  the  secondary  [disturbing]  causes  may  be 
referred  to  a  single  force."  In  my  various  subsequent  papers, 
and  especially  in  the  one  to  which  the  Magellanic  Premium  was 
awarded,  [op.  citat  and  Trans.  A.  P.  S.,  vol  xiii,  N.  S.,  Art.  VI], 
I  pointed  out  various  reasons  for  supposing  that  the  primal  uni- 
tarv  force  is  the  same  that  controls  the  motions  of  the  several 
stellar  systems ;  in  other  words,  the  force  of  gravitation,  or  per- 
haps of  simple  undulation,  which  is  manifested  as  heat  in  one 
of  its  subordinate  forms,  and  as  attraction  in  another.  The 
numerical  relations  which  I  demonstrated  between  the  disturb- 
ances of  weight  and  of  total  magnetic  force  were  certainly  note- 
worthy, and  to  my  own  mind,  extremely  satisfactory,  and  as 
further  investigations  have  afforded  additional  confirmation  of 
my  views,  I  desire  to  put  upon  record  a  brief  notice  of  the  gen- 
eral harmony  which  mutuafiy  characterizes  the  gravitation  cur- 
rents and  the  variations  of  magnetic  declination. 

Preliminary  investigations  showed,  as  might  have  been 
reasonably  anticipated,  that  the  best  c[uantitative  results  can  be 
obtained  fix)m  the  observations  at  stations  near  the  equator,  and 
I  therefore  based  mv  reasoning  in  great  measure  upon  the  St 
Helena  records  and  Maj.  Gen.  Sabine's  discussions,  confirming  it 
by  such  incidental  references  to  other  observations,  as  seemed 
available  for  the  purpose.  At  the  same  time  allusion  was  made 
[Trans.  A.  P.  S.,  loc.  citat..  p.  182,]  to  researches  now  in  progress, 
which  may  probably  enaDle  us  to  discover  numerical  relations, 
that  will  be  equally  satisfactory,  from  an  examination  of  the 
observations  in  higher  latitudes.  While  patiently  and  confi- 
dently awaiting  the  completion  of  those  researches  it  may  be 
well  to  present  some  considerations  which  will  serve  both  as  a 
corroboration  of  my  own  views  and  as  a  guide  to  the  investiga- 
tions of  others. 

The  discussions  of  the  magnetic  and  meteorological  observa- 
tions at  Qirard  College,  [Coast  Survey  Eeports,  and  Smithsonian 
Contributions],  should  be  specially  interesting  to  all  Americans, 
and  they  are  also  among  the  most  recent  ana  valuable  publica- 
tions on  terrestrial  physics.  From  them  I  quote  the  following 
references  to  the  most  important  and  best  established  normal 
disturbances  of  declination. 

'  From  the  Proceedings  of  the  Amer.  PJiilosoph.  See,  April  21, 1866. 
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I.  "  The  annual  variation  depends  on  the  earth's  position  in 
its  orbit,  the  diurnal  variation  oeing  suWect  to  an  inequality 
depending  on  the  sun's  declination.  The  diurnal  range  ia 
greater  when  the  sun  has  north  declination,  and  smaller  when 
south  declination ;  the  phenomenon  passing  from  one  state  to 
the  other  about  the  time  of  the  equinoxes."  [Part  II,  p.  10.  See 
also  Toronto  Obs.,  2,  xvii ;  St.  Helena  Obs.,  2,  cxviii]. 

n.  "At  the  hour  of  6  or  7  in  the  morning,  the  annual  varia- 
tion is  a  maximum,  disappearing  at  a  quarter  before  10  A.  M., 
and  reaching  a  second  (secondary)  maximum  value  at  1  P.  M. 
It  almost  disappears  soon  after  6  P.  M.,  and  a  third  still  smaller 
maximum  is  reached  after  9  P.  M.  Half  an  hour  before  mid- 
night, the  annual  variation  again  disappears.  At  (and  before 
and  after)  the  principal  maximum,  between  6  and  7  in  the  morn- 
ing, the  annual  variation  causes  the  north  end  of  the  magnet  to 
be  deflected  to  the  east  in  summer  and  to  the  west  in  winter ;  at 
1  p.  M.  the  deflections  are  to  the  west  in  summer  and  to  the  east 
in  winter.  The  range  of  the  diurnal  motion  is  thus  increased  in 
summer  and  diminished  in  winter ;  the  magnet  being  deflected 
in  summer  more  to  the  east  in  the  morning  hours,  and  more  to 
the  west  in  the  afternoon  hours,  or  having  greater  elongations 
than  it  would  have  if  the  sun  moved  in  the  equator.  In  winter, 
the  converse  is  the  case."  [Ibid.,  p.  12.  Compare  St.  Helena 
Obs.,  2,  cxviii ;   Toronto  Obs.,  I,  xiv,  and  2,  xvi.] 

III.  "According  to  the  same  authority,"  [Gen.  Sabine],  "  the 
annual  variation  is  the  same  in  both  hemispheres,  the  north  end 
of  the  magnet  being  deflected  to  the  east  in  the  forenoon,  the  sun 
having  north  declination^*  when  in  the  diurnal  variation,  the 
north  end  of  the  magnet  at  that  time  of  the  day  is  deflected  to 
the  east  in  the  northern  hemisphere  and  to  the  west  in  the 
southern  hemisphere ;  in  other  words,  in  regard  to  the  direction 
the  law  of  the  annual  variation  is  the  same,  and  that  of  the 
diurnal  variation  the  opposite  in  passing  from  the  northern  to 
the  southern  magnetic  hemisphere."  [ioid.,  p.  18.  Comp.  St. 
Hel.  Obs.,  2,  Ixxx,  cxviii.] 

IV.  "The  regular  progression  of  the  monthly  values  is  a 
feature  of  the  annual  variation  deserving  particular  notice. 
There  is  no  sudden  transition  from  the  positive  to  the  negative 
side,  or  vice  versd^  at  or  near  the  time  of  the  equinoxes  (certainly 
not  at  the  vernal  equinox) ;  on  the  contrary,  the  annual  varia- 
tion seems  to  be  regular  in  its  progressive  changes.  The  method 
here  pursued  is  entirely  diflferent  from  that  employed  bv  General 
Sabine  for  the  same  end,  but  the  results  are,  nevertheless,  in 
close  accordance."  It  has  been  found  that  the  transition  takes 
place  "fen  days  aft«r  either  equinox,  and  also  that  the  turning 
points  occur  ten  days  after  the  solstices."  [Ibid.,  p.  14.  Comp. 
St.  Hel.  Obs.,  2,  cxx.] 
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V.  "The  general  character  of  the  diurnal  motion  .  .  .  ia 
nearly  the  same  throughout  the  year ;  the  most  eastern  deflec- 
tion is  reached  a  quarter  before  8  o'clock  in  the  morning  (about 
a  quarter  of  an  hour  earlier  in  summer,  and  half  an  hour  later 
in  winter),  .  .  .  the  north  end  of  the  magnet  then  begins  to 
move  westward,  and  reaches  its  western  elongation  about  a 
quarter  after  one  o'clock  in  the  afternoon  (a  few  minutes  earlier 
in  summer).  .  .  .  The  diurnal  curve  presents  but  a  single 
wave,  slightly  interrupted  by  a  deviation  occurring  during  the 
hours  near  midnight,  (from  about  10  P.  M.  to  1  A.  M.),  when  the 
magnet  has  a  direct  or  westerly  motion;  shortly  after  1  A.M. 
the  magnet  again  assumes  a  retrograde  motion  and  completes  the 
cycle  by  arriving  at  its  eastern  elongation  shortly  before  8  o'clock 
in  the  morning.  This  nocturnal  deflection  is  well  marked  in 
winter,  vanishes  in  the  summer  months,  and  is  hardly  percept* 
ible  in  the  annual  curve.  According  to  the  investigations  of 
General  Sabine,  it  is  probable  that  if  we  had  the  means  of  en- 
tirely  obliterating  the  eflfect  of  disturbances,  this  small  oscillation 
would  almost  disappear.  In  summer,  when  it  has  no  existence, 
the  magnet  remains  nearly  stationary  between  the  hours  of  8 
p.  M.  and  8  A.  M.,  a  feature  which  is  also  shown  by  the  annual 
type-curve."  [Ibid.,  p.  20.  Comp.  Hobarton  Obs.,  2,  vi;  St.  Hel. 
Obs.,  2,  cxi,  exix,  cxx;  Toronto  Obs.,  I,  xiv,  2,  xvi.] 

VI.  "  The  critical  hours  which  vary  least  during  the  year  are 
those  of  the  western  elongation  and  those  of  the  morning  mean 
declination.  The  extreme  difference  between  the  value  for  any 
month  and  the  mean  annual  value,  is  81  minutes  in  the  former 
and  28  minutes  in  the  latter."     [Ibid.,  p.  21.] 

VII.  The  curves  of  lunar-diurnal  variation  "show  two  east 
and  two  w^t  deflections  in  a  lunar  day,"  the  westerly  maxima 
**  occurring  about  the  upper  and  lower  culminations,"  and  the 
easterly  maxima  "at  the  intermediate  six  hours.  The  total 
range  hardly  reaches  0'-5.  These  results  agree  generally  with 
those  obtained  for  Toronto  and  Prague."  [Part.  Hi,  p.  8.  Comp. 
St.  Hel.  Obs.,  2,  xxiii,  Ixxxii,  cxliv ;   Toronto  Obs.,  8,  Ixxxv.] 

VIII.  "  In  comparing  the  easterly  and  westerly  curves,  th^ 
constant  in  Bessers  formula  comes  out  zero,  and  hence  it  is  in- 
ferred that  the  moon  has  no  specific  action  in  deflecting  the 
magnet  by  a  constant  quantity."     [Ibid.,  p.  10.] 

IX.  "  If  we  take  the  four  pnases  into  account,  the  lunar  action 
seems  to  be  retarded  10  minutes,  which  quantity  may  be  termed 
the  lunar-magnetic  interval  for  the  Philadelphia  Station.  At 
Toronto  the  intervals  are  not  so  regular."     [Ibid.,  p.  11.] 

■  X.  "  The  characteristic  feature  of  the  annual  inequality  in  the 
lunar-diurnai  variation  is  a  much  smaller  amplitude  in  winter 
than  in  summer.  Kreil,  indeed,  inferred  from  the  ten  year  series 
of  the  Prague  observations,  that  in  winter  the  lunar-diumal  va- 
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riation  either  disappears,  or  is  entirely  concealed  b]r  irregular 
fluctuations,  requiring  a  long  series  for  their  diminution.  The 
method  of  reduction  which  he  employed  was,  however,  leas  per- 
fect than  that  now  ulsed.  The  second  characteristic  of  the  ine- 
quality consists  in  the  earlier  occurrence  of  the  maxima  and 
minima  in  winter  than  in  summer.  The  winter  curve  precedes 
the  summer  curve  by  about  one  and  three-quarter  hours.  [Ibid^ 
p.  12-13.] 

XL  The  curves  of  semi-annual  variation  at  all  points  where 
continuous  observations  have  been  made,  present  a  striking  sim- 
ilarity, the  amount  of  deflection  being  nearly  equal  in  all  parts 
of  the  globe.  [See  diagram.  Part  II,  p.  12.  Comp,  St.  Hel.  Obs., 
2,  cxix;  Toronto  Obs.,  2,  xvi,  xvii.] 

Now  it  is  evident  that  the  mechanically-polarizing  currents 
(Proc.  A.  P.  S.,  ix,  367  sqq.)  must  be  variously  deflected  at  dif- 
ferent pe^-iods  of  the  day,  in  consequence  of  gravitation-disturb- 
ances arising  both  from  the  varying  distance  of  the  sun  and 
from  solar  heat.  Although  it  may  sometimes  be  desirable  to 
consider  the  so-called  thermal  currents  apart  from  those  which 
would  be  produced  independently  of  any  change  of  tempera- 
ture, such  a  distinction  is  unnecessary  in,  a  preliminarv  qualita- 
tive investigation  like  the  present,  because  the  periods  both  of 
maxima  and  of  minima  are  precisely  coincident  m  the  two  cur- 
rents (except  as  they  may  be  slightly  modified  by  the  earth's 
radiant  heat),  and  because  even  the  thermal  currents  are  occasioned 
simply  and  solely  by  the  varying  gravitation  of  fluids  of  varying 
density. 

Begarding,  therefore,  the  air  and  sdther  over  any  given  mag- 
netic meridian,  during  the  day  hours  the  intertropical  and  dur- 
ing the  night  the  extra-tropical  portions  will  be  most  drawn 
towsurd  the  sun,  and  the  following  deflections  will  be  thus  pro- 
duced in  the  portions  nearest  the  equator  : 

6  to  12  a.m.      12  to  6  p.m.      6  to  12  p.m.      12  to  6  a.m. 

Northern  zones,  S.E.  S.W.  S.E.  S.W. 

Southern     "        N.E.  N.W.  N.E.  N.W. 

The  night-disturbances,  whether  from  variations  of  temperature 
or  from  simple  fall  toward  the  sun  (the  distance  fallen  varying 
as  the  square  of  the  time  from  midnight),  will  be  very  slight 
The  earth's  rotation,  centrifugal  force,  and  the  atmospheric  iner- 
tia, tend  to  throw  each  of  the  phases  forward  and  to  increase 
the  magnitude  of  the  westerly,  while  they  diminish  the  easterly 
deflections.  If  these  modifications  were  sufficient  to  override  the 
dight  easterly  tendency  at  6  to  12  p.  m.,  and  to  advance  the 
phases  one  hour,  the  disturbances  would  assume  the  following 
ioTmB,  the  change  between  7  P.  IL  and  1  A.  u.  being  scarcely,  u 
at  aJl,  perceptible : 


Digitized  by  VjOOQ IC 


p.  E.  Chase  on  influence  of  Gravity  on  Magnetic  Declination^  87 


7  A.i(<to  1  r.H. 

lr,]t.ta1  A.ii. 

Northern  zones, 

S.E. 

S.W. 

Southern     " 

N.E. 

N.W. 

At  the  equinoxes,  the  amounts  of  deflection  in  the  northern  and 
southern  magnetic  hemispheres  should  be  equal ;  at  other  sea- 
sons the  shortest  lines  would  suffer  the  greatest  displacement, 
the  deflections  being  greatest  in  the  northern  zones  from  April 
to  September,  when  the  sun  is  in  the  northern  signs,  and  in  the 
southern  zones  from  October  to  March,  when  the  sun  is  in  the 
southern  signs.  My  experiments  have  shown  that  the  compass* 
needle  sympathizes  with,  and  is  to  some  extent  controlled  by, 
purely  mechanical  vibrations,  and  if  in  obedience  to  such  con- 
trol it  should  tend  to  parallelism  with  the  sethereal  currents,  a 
westerljr  disturbance  of  declination  (the  declination  being  always 
conventionally  referred  to  the  north  pole  of  the  needle)  would 
correspond  either  to  an  equatorial  southeasterly  deflection  of  the 
southern  or  a  northwesterly  deflection  of  the  northern  extremity 
of  a  half-meridian,  and  an  easterly  disturbance  to  a  southwest- 
erly deflection  of  the  southern  or  a  northeasterly  deflection  of 
the  northern  extremity. 

Substituting  these  declination  values  for  the  current-deviations 
to  which  they  correspond,  the  almost  precise  accordance  of  theory 
and  observation  in  the  prominent  features  of  the  normal  varia- 
tions of  declination,  may  be  seen  by  a  reference  to  the  following 
table : 


Daily  maximum,'                     \  Easterly.  Westerly. 

Half-yearly  "  April  to  Sept.*  -Easterly.  Westerly. 

•*      "        «  Oct  to  Mar.'       Westerly.  Easterly. 

Morning. 
Mean. 

Erening. 
Mean. 

StaUonary. 

Theoretical, 7  A.M.       1  p.ii. 

Obserred  [I  to  V],«     -    -        6-8    -         1    " 

10  AM. 

4PJL 

6    « 

7P.M.tolAJC. 

8  «     «8  - 

Gren.  Sabine,  in  speaking  of  the  opposition  of  the  annual  and 
semi-annual  curves  (St.  Hel.  Obs.,  2,  cxix),  savs,  '*  these  remark- 
able systematic  dissimilarities  may  be  regaraed  as  sufficient  in- 
dications of  a  difference  in  the  mode  of  operation  of  the  solar  in- 
fluence in  the  two  cases."  I  am  not  aware  that  anv  attempt  has 
hitherto  been  made  to  explain  this  apparent  diflterence,  or  to 
show  that  it  is  only  apparent,  and  may  result  from  the  action  of 
a  uniform  law.  I  believe  that  I  have  now  given  the  needed  ex- 
planation, and  since  I  have  shown  experimentally  that  the  phe- 
nomena are  such  as  should  be  produced  by  gravitation,  it  is  rea- 
sonable to  assume  that  thev  probably  are  so  produced.  The 
probability  is  increased  by  the  disappearance  of  the  night  oscil- 
lation in  summer  (V),  the  probability  that  when  it  is  observed 
it  results  from  thermal  disturbances,  and  the  greater  stability  of 

'  Id  the  northern  lonea.  '  Gyer  the  whol«  earth. 

'  The  bracketed  references  are  to  the  numbered  quotations  from  the  Girard  Col- 
lege diflcoMions. 


Digitized  by  VjOOQ IC 


88  P.  E,  Chase  on  influence  of  CrravUy  on  Magnetic  Declination. 

those  critical  hoars  which  are  nearest  to  the  hours  of  maximum 
sun-ward  gravitation  (VI).  The  precise  coincidence  both  in 
time  and  direction  of  the  lunar-diurnal  declination  and  tidal 
curves  (VII),  the  unavoidable  inference  that  the  moon  has  no 
constant  or  specific  magnetic  action  (VIII),  the  **  establishment" 
of  ten  minutes  at  the  Philadelphia  station  (IX),  the  correspond- 
ence of  the  lunar  and  solar  curves  in  the  diminished  winter  am- 
plitude (X),  and  the  uniformity  at  all  stations  of  the  semi-annual 
variation-curves  (XI),  are  all  necessary  corollaries  of  my  hy- 
potheses. 

T^he  demonstration  of  a  connection  between  the  daily  and 
annual  variations  of  magnetism  and  gravitation  would  be  in- 
complete, if  our  theory  could  not  be  so  extended  as  to  explain 
the  decennial  and  secular  changes.  For  such  an  extension  we 
are  compelled  to  wait  until  further  study  and  observation  have 
more  precisely  defined  the  character  and  value  of  those  changes, 
and  suggested  all  the  important  gravitation-disturbances  of  long 

Eeriod  to  which  they  may  be  plausibly  referred.  We  may  find, 
owever,  in  the  attraction  of  Jupiter,  one  of  the  possible  causes 
of  the  10-11  year  period,  while  nutation,  precession,  geological 
upheaval  and  depression,  change  of  seasons,  accumulation  or 
diminution  of  polar  ice,  and  the  shifting  position  of  the  center 
of  gravity  of  our  planetary  system,  must  all  necessarily  con- 
tribute to  the  production  of  gradual  changes  in  the  terrestrial 
gravitation  currents.  The  belief  does  not  tnerefore  seem  unrea- 
sonable, that  the  feeble  vibrations  of  the  tremulous  needle  may 
not  only  furnish  us  with  a  delicate  scale  for  weighing  (as  we 
have  already  approximately  done)  the  huge  mass  of  the  sun, 
but  they  may  also  aid  us  in  the  discovery  and  verification  of 
other  important  cosmical  phenomena,  and  the  assignment  of 
their  appropriate  laws. 

Although  it  is  probable  that  terrestrial  magnetism  is  mainly 
owing  to  currents  circulating  above  the  surface,  it  is  well  known 
that  there  are  also  earth-currents  which  exert  an  appreciable 
modifying  influence.  I  am  confident  that  they  will  be  found 
equally  obedient  to  the  laws  of  gravitation,  which  affect  every 
particle  of  the  earth's  body,  modifying  the  crystalline-polarity 
and  cohesion  of  solids  as  well  as  the  flow  of  liquids,  and  pro- 
ducing internal  tides,  which  may  contribute  largely  to  that  met- 
amorphisni  of  stratified  rocks  which  has  been  referred  by  geolo- 

fists  to  the  agency  of  heated  fluids  and  vapors.  (See  Rogers, 
'a.  Report,  ii,  700;  Lyell,  this  Journal,  [2],  xxxix,  22.) 
The  inclination  presents  some  anomalies  that  are  difficult  to 
explain,  and  whether  we  compare  the  solar-diurnal  or  the  annual 
curves  at  the  principal  northern  and  southern  stations,  the  "  in- 
dications of  a  difference  in  the  mode  of  operation  of  the  solar  in- 
fluence in  the  two  cases"  seem  aa  strilang  and  perplexing  as 
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Ihey  did  to  Hadson  and  Herschel  in  their  examination  of  the 
influenoe  of  heat  on  the  barometer  (Proc^  A.  P.  S.,  is,  288),  and 
to  Sabine  in  his  discussions  of  the  semi-annual  declination  curves 
(St.  Hel.  Obs.,  2,  cxix).  But  the  disappearance,  in  the  progress 
of  our  investigations,  of  these  once  seemingly  insurmountable 
difficulties, — the  wonderful  coincidence  in  the  general  features 
of  the  gravitation  and  magnetic  currents, —  and  the  a  priori 
probability  that  all  disturbed  forces,  of  whatever  character  or 
variety,  will  tend  constantly  to  a  mutual  equilibrium, — encour- 
age the  belief  that  this  apparent  paradox  may  be  likewise  sus- 
ceptible of  a  simple  interpretation,  which  will  drive  it  from  its 
latest  lurkine  place. 

I  can  thiuK,  at  this  moment,  of  no  more  probable  causes  of 
the  want  of  symmetry  here  spoken  o^  than  tne  different  distri- 
bution of  land  and  water  in«the  two  hemispheres,  and  the  influ- 
ence of  powerful  alternating  land  and  sea  breezes.  A  long  series 
of  connected  observations  at  a  number  of  new  stations  may  per- 
haps be  required,  before  it  can  be  satisfactorily  ascertained 
whether  the  disturbances  thus  occasioned  are  sufficient  to  ac- 
count for  all  the  phenomena,  but  meanwhile  it  is  interesting  to 
observe  the  degree  of  accordance  that  exists,  at  northern  inland 
stations  like  Philadelphia  and  Toronto,  between  the  curves  of 
vertical  force  and  force  of  wind  on  the  one  hand,  and  those  of 
horizontal  force  and  barometric  pressure  on  the  other,  as  well  as 
the  agreement  that  has  been  pomted  out  by  Dr.  Lloyd  and  Mr. 
Homer,  between  the  annual  curves  of  declination  and  of  temper- 
ature. 


Art.  XII. — Besearches  on  the  Volatile  Hydrocarbons ;  by  C.  M. 

Warren.* 

Introdicctory  Remarks, — ^While  engaged,  a  few  years  since,  in 
attempting  to  separate  some  of  the  constituents  of  coal-tar  naph- 
tha by  the  common  process  of  fractional  distillation,  I  was  forced 
to  the  conviction  that  that  process  could  not  be  safely  relied 
upon  for  anything  like  a  complete  and  accurate  analysia  of  such 
a  complex  mixture  of  liquids ;  and  that,  at  best,  the  products 
thus  obtained  could  not  be  regarded  as  anything  better  than  re- 
mote approximations  to  pure  substances ;  leaving  reason  to  fear 
that  there  might  still  be  other  bodies  present,  in  less  quantities 
perhaps,  which  had  escaped  detection. 

An  examination  of  the  results  of  previous  researches  on  tars, 
petroleums,  etc.,  served  in  general  to  confirm  the  impressions 
induced  by  my  own  less  extended  experiments ;  and  to  increase, 

^  From  the  Memoirs  of  the  American  Academy,  (N*.  S.)  iz,  185. 
Am.  Joub.  Sol— Second  Sbriis,  Vol.  XL,  No.  118.— July,  1865. 
12 
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rather  than  lessen^  the  doubts  already  existing  in  mj  mind  as  to 
the  trustworthiness  of  the  results  which  had  hitherto  been  pub- 
lished concerning  the  neutral  constituents  of  such  mixtures.  In- 
fluenced by  these  considerations,  and  by  the  belief  that,  if  I  could 
succeed  in  finding  a  process  capable  of  effecting  a  more  complete 
separation  of  the  constituents  of  such  mixtures,  it  might  prolmbly 
lead  to  the  discovery  of  new  bodies^  lyings  between  those  which 
had  already  been  described, — I  was  led  to  undertake  the  re- 
searches, the  results  of  which  I  am  about  to  record.  Even  if  this 
chief  purpose  should  fail,  I  was  convinced  that  the  expenditure  of 
labor  in  isolating  those  bodies  in  a  state  of  greater  purity,  would 
be  amply  compensated  by  the  much  needed  confirmation,  or  per- 
haps correction,  of  the  results  previously  published,  in  addition 
to  the  valuable  incidental  evidence  of  the  absence  of  other  bodies 
which  would  thus  be  furnished.  The  results  which  I  have  ob- 
tained in  the  pursuit  of  this  object  are  abundantly  sufficient  to 
show  that  I  did  not  undervalue  the  work  of  my  predecessors, 
nor  over-estimate  the  importance  of  the  work  before  me. 

The  success  which  attended  my  efforts  in  search  of  a  better 
process  of  separation  has  already  been  described  in  detail,  in  a 
memoir  "On  Fractional  Condensation,'' etc.  (Memoirs  of  the 
American  Academy,  1864,  and  the  last  volume  of  this  Journal.) 

This  new  process  was  first  applied,  more  especially  for  the 
purpose  of  testing  its  efficiency  in  the  separation  of  benzole  from 
coal-tar  naphtha.  This  mixture  was  selected  for  the  test  on  ac- 
count of  the  property  which  benzole  possesses,  in  contradistinc- 
tion from  its  associates,  of  being  crystallizable  at  a  low  tempera- 
ture, thus  affording  an  additional  test  of  the  purity  of  the  product 
Vhich  might  be  obtained  by  the  process  of  fractioning.  Some- 
what to  my  surprise  I  found  that,  after  only  the  fifth  series  of 
fractionings,  T  had  obtained  benzole  so  nearly  pure  that  the  whole 
of  it  would  distil  from  a  tubulated  retort  between  80°  and  81° 
C;  and  that  when  congealed,  which  was  effected  by  placinff  the 
containing  bottle  in  pounded  ice,  not  a  drop  of  liquia  could  be 
poured  from  the  mass  of  crystals.  From  this  result, — which,  at 
least,  indicated  a  near  approximation  to  purity, — taken  in  con- 
nection with  other  favorable  indications,  1  felt  confident  that  I 
had  accomplished  mj  first  object,  and  had  found  a  process  that 
could,  in  all  probability,  be  successfully  applied  in  the  study  of 
the  petroleums,  which  up  to  that  time  (1861)  had  baffled  every 
attempt  to  resolve  them  into  their  proximate  constituents. 

Being  naturally  anxious  to  apply  the  new  process  in  this  seem- 
ingly more  promising  field  of  inquiry,  I  at  once  suspended,  for 
the  time  being,  my  operations  on  coal-tar  naphtha,  and  com- 
menced simultaneously  the  investigation  of  Pennsylvanian  petro- 
leum, and  of  the  oils  distilled  from  Albert  coal  (from  Hillsboro, 
New  Brunswick)  in  the  process  of  manu&cturiug  illuminating 


Digitized  by  VjOOQ IC 


C.  il  Warrm  on  ike  Voiatib  Hydrocarbons.  91 

oil.  These  two  «abBtancefi,  oeither  of  which  had  ey^  been 
made  the  subject  of  special  scientific  investigation,  were  selected 
as  being  Mr  representative  types,  on  the  one  hand  of  the  native 
liquid  petroleums,  and  on  tne  other  of  the  artificial  ooal  oils. 
The  comparative  study  of  these  two  substances  seemed  to  promise 
additional  interest  on  acooant  of  the  close  analogies  which  thej 
present,  especially  when  this  circumstance  is  considered  in  con- 
nection with  the  fact  of  their  great  diversity  of  origin.  This  is 
the  limit  which  at  that  time  was  assigned  for  these  researches; 
my  intention  being,  so  soon  as  the  separations  and  analyses 
should  be  completed,  and  the  boiIing-pK)ints  and  some  of  tho 
other  more  important  physical  characteristics  determined,  briefly 
to  publish  the  results,  together  with  the  procesis  of  fractioning, — 
preliminary  to  a  complete  memoir  at  a  more  advanced  stage  of 
the  work.  Before  this  work  had  been  accomplished,  however, 
it  became  evident  that  the  bodies  contained  m  these  mixtures 
could  not  be  studied  so  satisfactorily  by  themselves  as  in  compar- 
ison with  other  series  of  hydrocarbons,  especially  with  reference 
to  certain  important  questions  of  more  general  interest;  for  e<:- 
ample,  the  question  in  regard  to  the  increment  of  boiling-point 
corresponding  to  the  addition  of  C,H,  in  homologous  Bdne^ 
It  was  therefore  deemed  advisable  to  extend  the  inquiry  so  as  to 
include  the  naphthas  from  coal-  and  wood-tars,  and  the  oil  of  ou* 
min.  And  there  are  still  other  mixtures  of  hydrocarbons,  that 
have  been  made  the  subject  of  previous  research  which  must  yet 
be  brought  into  the  works,  in  order  to  clear  up,  in  a  satisfactory 
manner,  the  confusion  and  obscurity  that  seem  to  exist  in  x>ar 
publications  regarding  some  questions  relating  to  the  difierewt 
series  of  this  class  of  bodies. 

This  digression  from  my  original  plan  having  caused  m,uoh 
additional  labor  has  necessarily  delayed  publication  longer  than 
was  desirable,  until  now  the  results  of  more  than  three  years  of 
work  have  accumulated.  In  this  connection  I  may  remark,  so 
far  as  regards  petroleum,  that  I  had  nearly  completed  the  frac- 
tional separations— except  of  the  bodies  of  high  boiling-point — 
so  long  ago  as  June,  1862,  having  been  for  a  long  time  occupied 
with  this  work  before  the  appearance,  in  that  month,  of  the  first 
memoir  of  Pelouze  and  Cahours  on  the  same  subject.  At  that 
time  my  work  was  considerably  in  advance  of  theirs,  and  their 
results  difiered  widely  from  mine  in  some  important  particulars; 
yet  after  the  publication  of  their  memoir  I  felt  reconciled  to  a 
continuance  of  the  delay  which  had  been  caused  by  the  change  of 
plan  above  mentioned,  considering  it  due  to  these  chemists  that 
they  should  have  time  to  complete  the  publication  of  the  results 
of  their  investigatiQns  before  I  should  publish  mine.  Similar 
remarks  might  be  made  respecting  the  first  publication  of  Schor- 
lemmer,  which  appeared  soon  after,  on  the  pnoduQts  A>f  distillation 
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of  cannel  coal ;  this  substance  being  so  closely  analogous  to  the 
Albert  coal  (upon  the  products  of  which  I  haa  at  that  time  been 
long  engaged)  as  to  induce  the  belief  that,  under  the  same  cir- 
cumstances, either  would  afford  the  same  products. 

I. — On  the  Volatile  Htdrooarbons  from  Coal-tar  Naphtha,  Ovl 
OF  Cumin,  and  Cuminic  Acid. 

Part  L — Hydrocarbons  from  Coal-tar  Naphtha. 

In  presenting  the  results  of  a  re-examination  of  a  series  of  sub- 
stances upon  which  so  much  labor  had  already  been  bestowed, 
and  upon  the  nature  and  properties  of  which  so  little  doubt  has 
seemed  to  exist,  it  may  confer  an  interest  on  the  subject  to  state 
briefly  some  of  the  more  important  results  and  conclusions  that 
previous  investigators  have  arrived  at  in  the  study  of  these 
substances. 

The  discovery  by  Faraday,'  in  1825,  of  benzole  ("  bicarburet- 
ted  hydrogen")  in  the  oil  compressed  from  oil-gas,  rendered  it 
highly  probable,  and  indeed  led  this  distinguished  philosopher 
to  suspect,  that  this  substance  might  be  found  in  coal-tar  naphtha. 
His  search  for  it,  however,  proved  unsuccessful,  it  having  been 
first  detected  by  Hofmann  in  1845.*  This  chemist,  however, 
did  not  attempt  to  isolate  this  body,  and  the  bare  fa<5t  of  its  pres* 
sence  appears  to  be  all  that  was  definitely  known  of  the  compo- 
sition of  coal-tar  naphtha  prior  to  1849,  in  which  year  Mansfield* 
published  his  elaborate  and  valuable  research,  being  the  first 
effort  at  a  proximate  analysis  of  this  mixture  which  appears  to 
have  been  attended  with  any  considerable  measure  of  success. 
Although  a  fatal  accident,  while  engaged  in  his  experiments, 
prevented  Mansfield  from  completing  the  investigation  which  he 
had  so  well  begun,  yet  the  work  that  he  had  already  published 
in  an  unfinished  state  must  always  be  regarded  as  having  con- 
tributed mueh  towards  a  clear  and  definite  knowledge  of  the 
nature  of  the  neutral  pyrogenous  oils  contained  in  coal-tar 
naphtha.  Indeed,  it  may  be  said  that  little  has  since  been  added 
to  our  knowledge  on  tms  subject.  Notwithstanding  the  incom- 
pleteness of  his  separations  of  the  hydrocarbons,  the  extent  to 
which  he  had  carried  them  with  the  limited  means  employed  is 
truly  remarkable,  and  could  not  have  been  accomplished  with- 
out an  expenditure  of  labor,  and  a  degree  of  patient  endurance, 
which  only  those  who  have  experienced  the  tediousness  of  such 
operations  can  appreciate. 

Mansfield  claimed  to  show  that  the  light  coal-tar  naphtha  is 
composed  of  a  mixture  of  four  distinct  hydrocarbons,  boiling 

*  Philosophical  TranMctioDs  of  the  Rojal  Societj,  1825,  CX7,  i65. 
'  Aonalen  der  Cbemie  uod  Pbarmacie,  1846,  Ir,  200. 
■*  Quartedy  Joaroal  of  theX:ihemical  Society,  XH9,  i,  244 
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within  the  range  of  80°  to  175®  C. ;  and  probably  having  the 
general  formula  Cn  Hn-<.  The  first  of  these,  which  he  found  to 
boil  constant  at  80^  was  proved  to  be  identical  with  benzole, 
0,,Hj.  The  second,  boiling  at  aboi^t  118°,  was  determimed^ 
from  certain  reactions,  to  be  identical  with  toluole,  C,  ^H,.  The 
special  study  of  this  body  was  deferred,  however,  with  the  re- 
mark that  it  had  not  yet  been  isolated  in  a  state  of  sufficient  pu- 
rity to  claim  an  analysis.  The  third  body,  boiling  at  about  140° 
to  146°,  was  said  to  present  all  the  characteristics  of  cumole. 
C,  ,H, ,  ;  but  this  view  was  not  founded  on  a  careful  study  and 
comparison  of  the  chemical  or  physical  properties  of  these  bodies, 
but  was  merely  an  expression  of  opinion  in  advance  of  anticipa- 
ted results.  Of  the  fourth  body,  boiling  at  about  170°  to  176°, 
Mansfield  remarks  that  it  bears  so  strong  a  resemblance,  in  odor 
and  other  properties,  to  cymole,  C,  <,H,  ^,  as  to  induce  the  belief 
that  this  substance  is  identical  with  the  hydrocarbon  existing 
in  oil  of  cumin.  It  thus  appears  that  of  the  four  bodies  which 
Mansfield  detected  in  coal-tar  naphtha,  benzole  is  the  only  one 
which  he  had  studied  in  any  detail.  Indeed  he  distinctly  states 
that  the  others  had  not  yet  been  isolated  in  such  a  state  of  purity 
as  to  entitle  them  to  analysis.  And  yet  his  conjectures  as  to  the 
identity  of  these  bodies,  thrown  out  by  way  oi  preliminary  no- 
tice of  results  which  were  acknowledged  to  be  incomplete  and 
inaccurate,  have  nevertheless  been  extensively  quoted,  and  gen- 
erally received  as  established  facts.  In  addition  to  the  belies 
already  mentioned,  Mansfield  also  detected  the  presence  of  a 
body  more  volatile  than  benzole,  having  an  alliaceous  odor, 
which  he  found  to  boil  between  60°  and  70°.  Kitthausen*  made 
a  re-examination  of  the  light  coal-tar  naphtha,  in  order  to  obtain 
the  hydrocarbons  in  a  state  of  greater  purity,  and  to  prove  the 
correctness  of  Mansfield's  view  of  the  composition  of  this  naph- 
tha. In  regard  to  the  results  which  he  obtained,  he  says  they 
full^  confirm  those  of  Mansfield.  Of  the  body  which  Mansfield 
designated  as  probably  identical  with  cymole,  and  of  the  oil 
more  volatile  than  benzole,  Bitthausen  obtained  quantities  too 
small  to  admit  of  investigation.  In  regard  to  the  latter,  how- 
ever, he  remarks,*  that  to  Mansfield's  account  he  can  add,  that 
•*  its  nitro-product  auite  resembles  that  of  benzole,  and  hence 
that  at  all  events  it  belongs  to  the  series  Cn  Hn-«,  and  perhaps 
has  the  formula  C,  qH^."  ^    It  is  to  be  regretted  that  Bitthausen 

*  Journal  ftir  praktische  Chemie,  1854,  Ixi,  74. 

*  "  Ich  kana  deo  Angaben  yoD  Mansfield  iiber  das  letztere  nur  das  hinzufuffen* 
das  seine  Nttroproducte  denen  des  Benzols,  etc.  gaxa  ^nlich  sind,  daher  es  jedeofidls 
der  Beibe  CoHn.6  angebort  nnd  yielleicht  die  Formel  OioH^  besitzt. 

"^  On  a  future  occasion  I  sball  sbow  tbat  Rittbausen  was  in  error  in  pladng  this 
body  in  tbe  benzole  series,  and  indeed  in  considering  it  as  a  bjdrocarbon  at  alL 
Be  was  evidently  deceived  by  operating  on  a  mixture  containing  benzole.  Furtber- 
more,  as  Mansfield  suggested  migbt  be  possible,  tbat  part  of  tbe  napbtba  more  vol v 
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also  omitted  to  analyzse  and  determine  the  vapor  density  of  any 
one  of  these  substances,  lie  having  added,  therefore,  nothing 
more  than  a  confirmation  of  the  results  of  Mansfield.  He  gives 
the  boiling-point  of  benzjple  at  80°,  of  toluole  at  109°,  and  of  the 
so-called  cumole  at  lSfl°-14:0°,  which  will  be  found  to  agree  very 
nearly  with  my  own  determinations.  Church,'  in  the  following 
year,  published  a  paper  on  the  **  Determination  of  Boiling- 
points  in  the  "  Benzole  Series."  I  cannot  better  present  his 
results  than  by  quoting  the  following  table : — 

Pormula.  Boilinf-point       Diflbrence. 

Benzole,  C.^He    z=lC^^(Q^'R^  80<»-8(         o^^-d 

Xylole,  C,,  n,,  =  C3  5(0,  H,^  126^-2  iL% 

Cumole,  C,3  H,,  =  Ce  6  C,  hJ  148--4  jL.^ 

Cymole,  C,oH,^  =  C^  7(^2  H,)  Il(i^'l\         ^^  ^ 

Church  states  that  he  obtained  all  of  these  bodies  from  coal- 
naphtha,  and  also  that  he  obtained  benzole  from  benzoic  acid, 
toluole  from  tolaylic  acid,  xylole  from  woodspirit,  cumole  from 
cuminic  acid,  and  cymole  from  oil  of  cumin  ;  and  that  he  has 
found  the  corresponding  bodies  from  these  diflFerent  sources  to 
be  identical.  It  will  be  observed  that  Church  claims  to  have 
found  in  coal-tar  a  body  boiling  at  126°'2,  which  he  calls  aryfofc^ 
thus  supplying  from  this  source  a  fifth  member  of  the  benzole 
series ;  whereas  Mansfield  and  Ritthausen  found  only  four  bodies 
within  the  range  of  temperature  indicated  by  the  table.  It  will 
also  be  observed  that  his  determination  of  the  boiling-point  of 
toluole  is  much  lower,  and  that  of  cumole  much  higher,  than 
the  corresponding  determinations  of  Mansfield  and  Ritthausen  ; 
thus  giving  room  for  a  middle  member  between  them,  and  pre- 
serving a  remarkable  uniformity  of  diflference — viz.  22®  and  a 
fraction — ^between  the  boiling-pom ts  of  any  two  contiguous  mem- 
bers of  the  series,  for  the  addition  of  C^H,. 

That  the  earlier  investigators  had  found  in  coal-tar  naphtha 
only  the  two  lower  members  (C,,H,  and  C,  4H,)  and  the  two 
upper  members  (C,,H,,  andC, ^^H,  J^  indicating  the  absence 
of  the  middle  member  (C^Hj^,)  of  the  benzole  series,  was 
always  to  me  an  anomaly  which  I  could  not  reconcile  with 
any  plausible  theory  in  regard  to  the  formation  of  these  bodies* 
and  I  was  led,  therefore,  to  question  whether  this  body  had 
not  been  overlooked  in  making  the  separations.  The  alleged 
discovery  of  this  body  in  coal-naphtha  by  Church,  together  with 

tile  than  bensole  is  by  no  means  oonoiposed  of  a  single  sabstanee.  Having  bad  a 
large  quantity  of  this  volatile  material  at  my  command,  I  ha^e  been  able  to  obtain 
tfae  separate  oonstitoents  apparently  in  a  state  of  great  purity.  Of  the  two  bodies 
•eparated,  one  of  them  boils  constant  at  about  40^,  and  tne  other  near  0^.  Both  are 
eomponnds  containing  sulphur,  and  therefore  will  more  properly  form  the  subject 
of  a  separate  paper. 
*  PhUosephical  Magadne,  185f ,  [4],  ix,  266. 
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tbe  beautifal  uniforinity  of  the  boiling-point  difference  through- 
oat  the  series  which  he  presented,  ana  the  apparent  care  with 
which  the  whole  research  had  been  conducted,  led  me  to  regard 
his  resalts  as  being  more  reliable  than  those  which  had  previously 
beea  published.  I  remained  under  this  conviction  until  I  had 
discovered  the  boiling-point  difference  of  30°  in  other  series  of 
hydrocarbons,*  which  led  me  to  doubt  the  accuracy  of  Church's 
determinations  of  boiling-points,  and  to  consider  those  of  Mans- 
field and  Ritthausen  as  probably  more  correct. 

In  the  first  paragraph  of  his  paper,  Church  remarks  that, 
"  although  doubts  still  remain  as  to  tne  relations  of  these  bodies 
to  one  another,  yet  their  composition  has  been  ascertained  with 
certainty."  It  does  not  appear,  however,  that  an  analysis  or 
vapor  density  of  any  one  of  the  members  of  this  series,  as  ob- 
tained from  coal-tar,  except  benzole,  had  ever  been  published. 

As  already  indicated  by  the  title  of  his  paper,  it  appears  to 
have  been  the  design  of  Church  to  treat  only  of  the  boiling- 
points  of  these  bodies;  yet  finding  that  his  preparations  of 
toluole — prepared  both  from  coal-naphtha  and  toluylic  acid — gave 
a  boiling-point  differing  considerably  from  observations  previously 
published,  he  took  occasion  to  make  analyses  of  his  preparations 
of  this  substance,  which  he  regards  as  "  perfectly  satisfactory ;" 
and  adds  that  "the  details  and  numerical  results  of  these  analy- 
ses, and  of  many  others  which  the  present  inquiry  necessitated, 
the  limits  and  special  object  of  the  present  paper  do  not  admit 
of  my  giving  here."  As  he  undertook  to  correct  the  work  of 
his  predecessors,  to  do  which  fairly  would  seem  to  require  the 
publication  of  these  "  details  and  numerical  results,"  their  omis- 
sion is  to  be  regretted,  the  more  since  he  found  sj)ace  and  pur- 
pose for  matter  apparently  less  relevant  to  his  special  subject.  I 
am  prompted  to  these  remarks  from  having  been  led  to  under- 
take the  tediou^  task  of  making  a  re-examination  of  coal-tar 
naphtha  mainly  on  account  of  the  disagreement  between 
Church's  determinations,  which  I  have  founa  to  be  mostly  in- 
correct, and  those  which  had  been  previously  published. 

In  addition  to  the  bodies  mentioned  in  the  foregoing  table, 
Church  alludes  to  the  discovery  of  two  other  bodies,  boiling  re- 
spectively at  97°  and  112°.  Subsequently,  in  a  "  Note  on  Para- 
benzole,  a  new  Hydrocarbon  from  Coal-lJaphtha,""  he  publishes 
the  details  of  an  investigation  of  the  former  of  these  two  bodies, 
which  he  finally  found  to  boil  ^^  perfectly  constant  at  97°'5,"  and 
to  be  isomeric  with  benzole. 

I  think  I  shall  be  able  to  show  in  the  following  pages, — 

1.  That  coal-tar  naphtha  contains  only  four  hydrocarbons 
within  the  ran^e  of  80°  to  170°,  as  taught  by  Mansfield,  and 
confirmed  by  Eitthausen. 

'  See  a  following  Memoir  on  thii  snbjeci. 
"*  PhUotophical  Magazine,  1867,  [4],  xiU,  415. 
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2.  That  the  benzole  series  within  that  range  of  temperature 
is  limited  to  four  members,  and  therefore  does  not  contaia  five, 
as  has  been  generally  supposed. 

8.  That  these  four  members  have  the  boiling-points  80®^  110°, 
140**,  and  170  respectively ;  and  consequently  that  the  boiling- 

S>int  difference  m  this  series,  for  an  elementary  difference  of 
,H„  is  30°,  instead  of  22°  and  a  fraction  as  alleged  by  Church. 

4.  That  the  body  obtained  from  coal-tar  naphtha,  boiling  at 
140°,  is  not  identical  with  cumole  from  cuminic  acid,  as  assumed 
by  Mansfield,  nor  even  isomeric  with  it;  but  that  it  has  the 
formula  which  has  been  assigned  to  zylole,  containing  C^H, 
less  than  that  of  curaole. 

5.  That  the  body  obtained  from  coal-tar  naphtha,  boiling  at 
170°,  is  quite  a  different  body  from  cymole  obtained  from  oil  of 
cumin, — with  which  it  has  been  considered  identical,  as  assumed 
by  Mansfield, — these  bodies  differing  from  each  other  by  CgH,. 

6.  That  cumole  from  cuminic  acid,  and  cymole  from  oil  of 
cumin,  do  not  even  belong  to  the  benzole  series. 

7.  That  the  Parabenzole  of  Church  was  in  all  probability  only 
a  mixture  of  benzole  and  toluole. 

Of  the  Quality  of  Naphtha  employed  in  this  Investigation, — rAs 
I  have  taken  occasion  to  question  the  existence  in  coal-tar  naph- 
tha of  two  of  the  substances  which  it  has  been  said  to  contain, 
— viz.  cymole,  CjoH,^,  and  parabenzole,  C,j,Hg, — it  is  a  mat- 
ter of  some  importance  that  I  should  clearly  state  the  kind  or 
quality  of  the  naphtha  employed.  The  tar  from  which  this 
naphtha  was  obtained  was  a  mixture  of  the  tar  furnished  by  the 
following  companies,  viz.  the  New  York  and  the  Manhattan 
Gas-Light  Companies,  of  New  York ;  Brooklyn  Gas-Light  Com- 
pany, of  BrooKlyn,  N.  Y. ;  Albany  Gas-Light  Company,  of 
Albany,  N.  Y. ;  and  the  Gas-Light  Companies  of  Newark  and 
Jersey  City,  in  New  Jersey.  It  was  mostly  made  from  Cannel 
and  Newcastle  caking  coals,  which  were  imported  from  Liver- 
pool, and  mixed  in  the  proportions  of  one-third  to  five-eighths 
Cannel,  to  two-thirds  to  three-eighths  Newcastle.  In  some  of 
the  works  a  portion  of  the  caking  coal  was  from  mines  in  Penn- 
sylvania. The  tar  from  these  different  gas-works,  as  regularly 
received  at  the  naphtha  manufactory,  was  poured  into  a  large 
tank  provided  for  this  purpose.  The  stills  were  uniformly 
charged  with  tar  directly  from  this  tank ;  so  that  there  can  be 
no  doubt  that  the  naphtha  employed  was  made  from  a  mixture 
of  the  tar  supplied  by  the  six  different  companies  above  enu- 
merated. Most  of  the  gas-works  referred  to  are  large,  the  an- 
nual production  of  tar  amounting  in  the  aggregate  to  upwards 
of  60,000  barrels.  It  does  not  appear,  therefore,  that  the  ab- 
sence of  the  bodies  in  question  from  the  naphtha  which  I  have 
employed,  can  be  attributed  to  any  peculiarity  of  the  tar.    The 
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naphtha  was  prepared  in  a  manufactory  in  New  York  over 
which  I  had  at  that  time  personal  control,  and  was  purified  un- 
der my  own  direction.  The  process  of  purification  did  not  dif- 
fer essentially  from  that  in  common  use  in  England,  the  reagents 
employed  being  oil  of  vitriol  and  alkali.  One  hundred  barrels 
of  the  purified  naphtha  were  subjected,  under  my  personal  su- 
perintendence, to  repeated  fractional  distillation  from  an  iron 
stilL  The  chief  object  in  operating  on  so  large  a  quantity 
was  to  insure  the  detection  of  anv  constituent  which  might  be 
present  in  small  proportion.  The  process  of  fractioning  was 
continued  on  this  large  scale  until  the  separations  had  so  far 
progressed,  that  at  certain  temperatures  a  full  barrel  of  distillate 
would  come  off  from  the  ten-barrel  still  employed,  without  a 
variation  of  more  than  one  or  two  degrees  of  the  thermometer. 
Finally,  a  sample  gallon  was  taken  from  each  of  the  barrels  com- 
posing the  last  series  of  products,  and  these  samples  were  set 
aside  for  this  investigation,  which  was  afterwards  conducted  in 
the  laboratory. 

Of  the  Results  of  Fractional  Condensation, — Such  of  the  sam- 
ples above  mentioned  as  promised  to  yield  the  different  constit- 
uents of  the  naphtha  in  the  largest  proportion  were  subjected 
to  repeated  series  of  fractionings  by  my  process  of  "  Fractional 
Condensation." "  As  full  details  of  this  process  have  already 
been  given  in  the  memoir  referred  to,  it  will  be  needless  to  re- 
peat them  here.  It  will  suflBce  to  say  that  the  fractioning  in 
this  case  was  conducted  in  all  respects  as  there  described,  and 
continued  until  the  whole  of  the  naphtha  taken,  boiling  between 
80°  and  170"^,  had  accumulated  at  the  four  points  already  indi- 
cated, viz:  at  80°,  110°,  140°,  and  170° ;  or  so  nearly  the  whole 
that  the  intermediate  quantities  had  become  too  small  to  admit 
of  being  further  operated  upon.  Having,  therefore,  so  thor- 
oughly exhausted  the  intermediate  fractions,  I  can  have  no  hesi- 
tation in  asserting  that  no  other  body  than  those  alluded  to  was 
E resent  in  the  naphtha, — at  least,  in  appreciable  quantity,— 
ence,  that  the  parabenzole  of  Church  was  probably  only  a  mix- 
ture of  benzole  and  toluole.  I  may  here  remark  that  each  of 
the  sample-gallons  employed,  when  subjected  to  my  process  of 
fractioning,  was  found  to  contain,  in  variable  proportion,  all  of 
the  constituents  of  the  naphtha. 

Of  some  of  the  Properties  of  the  Bodies  obtained  by  Fractioning, — 
1.  Benzole.— Specific  gravity,  0-8957  at  0°,  and  0-882  at  15°-5." 

"  Memoirs  of  the  American  Academy,  1864,  and  last  volume  of  thia  Joarnal. 

"  It  would  appear  that  the  specific  graTities  of  liquids  are  usually  determined 
at  the  temperature  of  the  air.  The  result  of  this  is  that  the  determiuatioos  made 
by  different  observers  are  not  comparable  with  one  another.  That  these  specific 
grayities  are  not  uniformly  taken  at  0"  C— the  temperature  which,  on  account  of 

Am.  Jour.  Sol— Second  Skribs,  Tol.  XL,  No.  118.— July,  ISW. 
13 
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Determination  of  Boiling-point. — This  experimcTit  was  con* 
ducted  in  a  tubulated  retort,  operating  on  150-200  c.  c.  of  the 
benzole,  containing  some  pieces  of  sodium.  The  benzole  em- 
ployed had  previously  been  repeatedly  boiled  with  sodinm,  until 
the  latter  ceased  to  have  any  action.  The  thermometer  bulb 
extended  into  the  liquid"  nearly  to  the  bottom  of  the  retort 
A  second  thermometer  was  attached,  by  means  of  flexible  bands, 
to  the  side  of  the  one  in  the  retort;  the  bulb  being  placed,  dur- 
ing ebullition^  at  a  point  midway  between  the  center  of  the  cork 
(—5°)  and  the  upper  end  of  the  mercurial  column,  vi2:  at  85°. 
A  paper  screen^  closely  fitting  the  thermometer  spindle,  was  pla- 
ced across  at  the  top  of  the  cork.  With  the  retort  neck  slightly 
indined  upwardj  and  cooled  to  prevent  the  escape  of  vapor, 
ebullition  was  continued  for  a  considerable  time,  until  the  mer- 
cury in  the  thermometer  ceased  to  rise.  The  lamp  being  removed 
for  the  moraentj  the  neck  of  the  retort  was  then  turned  down- 
ward, and  quickly  inserted  in  a  Liebig*s  condenser.  On  replac- 
ing the  lamp,  distillation  commenced  almost  immediately  at  79^. 

Observations. — 

Tempeniture.  Tlmej  Tamper,  by  ■id«  tbermom. 

o  b.  in. 

79-0  at  2.40.     .  ^,v^*^ 

79-2  "  2.46{,^  "^'^^^^^  22^ 

79-4  •*  8.00{  tZ         .,  24'. 

79-5  •*  8.12    i^         ..  26^ 

79-6  "  8.82(  '■^         „  26^ 

79-6  "  8.60^  ^^  26^. 

greater  convenience,  etc.,  li  geueraHy  acknotrl^ed  to  be  preferable— is  pfobablj 
due  to  the  fact  that  the  more  common  spedfio  grayity  bottle  is  not  anitea  to  thU 
purpoee.  Indeed,  with  a  Tolatile  body  toat  bottle  cannot  serve  for 
an  accurate  determination  at  any  temperature.  A  reform  in  this  re- 
gard being  highly  desirable,  I  itrould  call  attention  to  a  specific  gravitr 
bottle  which  I  obtained  a  fSsw  yean  ago  ftom  Fastrd,  in  Paris,  whicti 
it  admirably  adapted  for  taking  specific  gravities,  even  of  volatile 
liaoids,  at  a  loir  temperature.  The  accompanying  figure  represents 
this  bottle  one-half  its  natuhil  size.  Who  Was  the  author  of  this 
particular  form  I  am  not  informed,  although  it  may  have  been 
already  noticed  in  some  publication.  A  botUe  analogous  to  this  is 
figured  by  Schiel  (**  Einleitung  in  das  Studium  der  oi^ganischen 
C^mie,"  page  76) ;  out  his  bottle  has  an  oval  bottom,  which  mskes 
it  less  convenient  The  particular  advsntafe  of  this  bottle  orer  the 
more  common  one,  which  advantage  Scbiel  omits  to  notice,  consists 
in  this :  that  the  space  or  chamber  above  the  line  on  the  capillary 
neck  is  large  enough  to  allow  for  the  expansion  of  the  liquid  conse- 
quent upon  tlie  elevation  of  temperature  from  0^  to  that  of  the  sur- 
rounding air ;  and  that  the  ground  stopper  fits  so  closely  that  no 
perceptible  lots  from  evaporation  can  take  place  during  the  time 
occupied  by  an  experiment. 

In  order  to  furnish  determmations  of  the  specific  grravitles  of  the 
bodies  to  be  treated  of  in  these  researches,  which  shall  be  comparable  with  correa- 
ponding  determinations  by  other  observers,  I  shall  generally  record  one  or  mom 
spedal  determinations  made  for  this  purpose. 

"  For  critical  remarks  on  the  question  of  propriety  of  placing  the  thermometer 
bulb  in  the  liquid,  etc. ;  and  for  further  detliils  of  the  method  of  taking  boiling- 
points,  especially  at  low  temperatures,  see  a  following  memoir,  "  On  thelnfluenoa 
of  C^Hs  on  the  boiling-points  in  Homologous  Series  of  Hydrocarbons,"  etc 
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Distillation  therefore  oocupied  one  honr  and  ten  minutea,  daring 
which  time  the  thermometer  rose  only  0^*6,  being  fiily  minutes 
in  rising  0**'2  from  79°-4  to  79*^*6,  at  which  temperature  it  had 
distilled  nearly  to  dryness.  Height  of  the  barometer  during  the 
experiment  reduced  to  0^  =761-«»™.  Taking  79''-4,  this  being 
the  average  of  the  last  five  observations,  and  applying  the  cor- 
rections for  the  upper  column  of  mercury,  and  for  atmospheric 
pressure,  according  to  the  directions  given  by  Kopp,"  we  find 
the  corrected  boiling  point  of  benzole  to  be  80^*1. 

Analysis. — 0-2839  gram  of  benzole  gave,  by  my  process"  of 
combustion  in  a  stream  of  oxygen  gas,  0'790S  of  carbo^nic  acid, 
and  01683  of  water, 

CatootaU^.  FoiMia. 


Carbon,            C.,             ?^ 
Hydrogen,        H^                6 

92-31 

921« 

7-69 

7-99 

78 

10000 

10014 

Determination  of  Vapor  Density. — 

Temperature  of  balance, 

16* 

Temperature  of  oil  bath, 

171^ 

Height  of  barometer, 

764-1 

»"»  at  9* 

Increment  of  balloon. 

0-2447 

Capacitjr  of  balloon. 
Density  of  vapor  found. 

265  ce. 

2*6€8 

Theory,  C^2Hg=4  volume*. 

2'69« 

2.  ToLUOLE.— Speeific  gravity,  0-8824  at  0^,  and  0:872  at  15^ 
Determination  of  Boiling-point. — The  preparation  employed  for 
this  determination  had  also  been  repeatedly  boiled  with  sodium 
until  the  latter  ceased  to  have  any  action  upon  it.  X)perating  im 
this  case  also  upon  a  pretty  large  quantity,  the  distillation  occu* 
pied  about  an  hour.  The  experiment  was  conducted  as  detailed 
under  the  head  of  benzole.  Distillation  commenced  at  IXO^'jS; 
two  minutes  later,  the  temperature  had  fallen  to  110°*4,  at  which 
point  it  remained  absolutely  constant  during  the  lapse  of  forty- 
eight  minutes.  Five  minutes  later  the  temperature  had  risen 
again  to  110°-6;  and  five  jninutes  later  to  110®-8,  at  which 
point,  having  distilled  nearly  to  dryness,  the  operation  was  sus- 
pended. The  corrections  for  pressure  (— 0°16)  and  for  the  upper 
column  of  mercury — which,  with  the  thermometer  used  in  this 
experiment,  was  only  7°  in  length, — gives  110***8  as  the  corrected 
boiling-point  of  toluole.  Church**  remarks  that  toluole,  when 
distilled  in  the  ordinary  manner,  is  liable  to  become  oxydized, 
and  its  boiling-point  thereby  raised,  in  conseauence  of  the  upper 
part  of  the  retort  becoming  heated  above  tne  boiling-|)oint  of 
toluole.    He  found  that  toluole  which,  by  .ordinary  distillation, 

^*  Poggendorff's  Aonaleo,  1847,  Izzii,  SS. 

"  Pro^edings  of  ihe  American  Academy,  18K4,  y.^!,  and  tbii  Jour.,  xxxir,  SSft. 

'*  PbUosophKal  Magazine,  1866,  [4],  is,  266.     ' 
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had  come  over  between  108°  and  109°,  would  distil  eigbt-tentbs 
between  103°  and  104°,  after  repeated  purification  with  sodium. 
I  would  therefore  state  that  my  preparation  of  toluole  was  never 
subjected  to  a  temperature  above  its  boiling-point ;  and  that  I 
have  never  uoticea  any  reduction  of  the  boiling-point  of  this 
body  by  purification  with  sodium. 

Analysis. — 0*1628  gram  of  toluole  gave,  by  combustion  in  a 
stream  of  oxygen  gas,  0*5447  of  carbonic  acid,  and  0'1815  of  water. 

Calculated.  Found. 

Carbon,  C,^  84  91-3  91-20 

Hydrogen,  Hg  8  8-7  8-97 

92  lOO-O  100-17 

Determination  of  Vapor  Density. — 

Temperature  of  balance,  17** 

Temperature  of  oil  bath,  209® 

Height  of  barometer,  760-1"*"  at  16* 
Increment  of  balloon,  0-287 

Capacity  of  balloon,  249'6  c.  c. 

Density  of  vapor  found,  8-2196 

Theory,  Ci4H8  =  4  volumes,  3-1822 

3.  Xylole  {Cumole  of  Mansfield  and  Bitthausen), — Specific 
gravity,  0-878  at  0°,  and  0*866  at  15°;5. 

Determination  of  Boiling-point. — This  determination  was  made 
in  all  respects  like  that  of  benzole,  the  xylole  employed  having 
been  also  subjected  to  the  same  treatment  The  quantity  ope- 
rated upon  was,  however,  smaller,  and  the  experiment  conducted 
more  rapidly.  Distillation  began  at  138°'6,  and  terminated  at 
139°,  having  distilled  almost  to  dryness.  The  time  occupied 
was  seventeen  minutes.  Taking  the  average  of  these  observa* 
tions,  viz:  138°*4,  and  applying  the  customary  corrections,  we 
find  139^*8  to  be  the  corrected  boiling-point  of  xylole. 

Analysis. — 01333  gram  of  xylole  gave,  by  combustion  in  a 
stream  of  oxygen  gas,  0*4413  of  carbonic  acid,  and  01186  of  water. 


Calculafed. 

Foond. 

Carbon,            C^g             96 
Hydrogen,       H,<j             10 

90-67 
9-43 

90-29 
9-87 

106 

100-00 

100-16 

Determination  of  Vapor  Density. — 

Temperature  of  balance, 
Temperature  of  oil  bath. 
Height  of  barometer, 
Increment  of  balloon, 
^Uapacity  of  balloon. 
Density  of  vapor  found. 
Theory,  €,eH,^, 

16^-6 

207^-6 

760°»»  at  14* 

0-3628 

228  c.  c. 

8-7^17 

8-6666 
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These  results  show  clearly  that  this  body  has  the  formula 
C,  eH, ,,  and  that  it  is  doubtless  the  third  member  of  the  ben- 
zole  series."  Although  xylole,  first  discovered  by  Cahours  in 
the  oil  separated  from  wood-spirit,  has  had  a  much  lower  boil- 
ing-point assigned  to  it,  I  have  retained  that  name  for  this  bodv, 
since  the  results  which  I  have  obtained  in  the  study  of  the  light 
oil  from  wood-tar  indicate  that  when  the  corresponding  b^y 
from  this  source  is  in  a  state  of  equal  purity,  its  boiling-point 
will  agree  with  the  above  determination.  I  may  here  mention 
that  in  my  researches  on  the  light  oil  from  wood-tar  I  have  ob- 
tained a  body  at  about  140^,  but  nothing  between  that  and  110^ 
(these  temperatures  are  not  corrected),  although  special  pains 
were  taken  to  work  up  the  intermediate  fractions.  So  that  I  am 
in  a  position  to  justify  the  assertion  that  no  other  body  was 
present  in  appreciable  quantity  between  the  temperatures  men- 
tioned. 

That  this  body  from  coal-tar  naphtha,  boiling  at  140^,  is  not 
identical  with  cumole  from  cuminic  acid,  will  be  made  apparent 
on  comparison  of  the  results  above  stated,  with  those  which  will 
be  given  when  treating  of  cumole. 

4.  IsocuMOLE  {Cymole  of  Mansfield). — Specific  gravity,  0*8643 
at  0°,  and  0-863  at  15^. 

Determination  of  Boiling-point — This  was  conducted  with  the 
usual  precautions,  and  under  conditions  similar  to  those  detailed 
above.  The  distillation,  as  in  the  foregoing  determinations,  was 
continued  nearly  to  dryness,  and  occupied  twenty-five  mintftes. 
Before  distillation  was  commenced,  the  temperature  of  the  boil- 
ing liquid  was  found  to  be  166^-5,  and  at  the  close  of  distilla- 
tion  167^.  Applying  the  customary  corrections  to  the  average 
of  these  observations,  viz:  166°*75,  we  obtain  for  the  corrected 
boiling-point  169o-8. 

Analysis. — 01944  gram  of  the  substance  gave,  by  combustion 
in  a  stream  of  oxygen,  0.6366  of  carbonic  acid,  and  0*1896  of 
water. 

Caleolated.  FouDd.  * 

Carbon,         C^g  108  90-00  89-31 

Hydrogen,     H,2  12  1000  10-84 

120  100-00  100-15 

"  As  thif  memoir  is  passing  throoffh  the  press,  the  receipt  of  my  jomnals  for 
September  calls  attentioD  to  Ute  pablicatioDS  of  Hugo  MiiUer,  B^amp,  and 
Naqoet  concerning  this  hydrocarbon.  MiUler  concludes  that  it  is  xylols,  a  result 
which  agrees  wi£  my  own.  (Annalen  der  Chemie  uiid  Pharmaoie,  1864,  czxxi, 
821.)  &champ,  on  the  contrary,  erroneously  regards  it  as  being  a  new  hydrocar- 
bon, not  belonffing  to  the  benzole  series.  (Bulletin  de  la  Soci6t6  Chimique,  Paris, 
1864,  204.)  Naquet  also  calls  it  a  new  hydrocarbon,  and  giyes  it  the  formula 
Ci,H„.    (IWd.,  p.  206.) 
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Dderminatwn  of  Vapor  Density. — 

Temperature  of  balance,  13®'5 

Temperature  of  oil  bath,  241**-0 
Height  ef  barometer,                    7«9-6""»  at  9** 

Incperoent  of  balioou,  0*4206 

'Capacity  of  balloon,  230  c  c. 

Density  of  vapor  found,  4301 9 

Theory,  C^eH^,,  4161 

Hence  it  appears  that  the  calculated  density  oa  the  formula 
C,  jH.  J,  is  O'lSl  less  than  that  found  by  experiment  The  cal- 
culated density  on  the  formula  C,oHi«j  which  has  previously 
been  assigned  to  this  body, — ^althougk,  as  above  stated,  without 
an  analysis  or  determination  of  vapor  density, — is  4-645 ;  which 
is  0*802  greater  than  that  found  by  experiment.  It  will  be  ob- 
fierved  that  the  difference  between  the  density  found  and  that 
calculated  on  the  formula  C,  ^H,  ^  is  not  only  more  than  twice 
as  large  as  the  corresponding  difference  calculated  on  the  for- 
mula C,  ,H,„  but  that  the  error  is  reversed;  being  with  C,  ,H,  ^ 
a  defidehcy^  while  with  C^gH,,  it  is  an  excess.  This  circum- 
stance has  to  my  mind  a  good  deal  of  significance,  as  it  goes 
strongly  to  show  that  the  lower  formula  is  the  true  one.  For 
of  the  many  vapor  densities  of  hydrocarbons  which  I  have  de- 
termined, I  have  but  rarely  met  with  an  instance  in  which  the 
density  found  was  not  greater  than  the  theoretical  density.  And 
Z  ha^re  usually  observed  that  the  excess  of  the  experimental  over 
the  theoretical  density  is  larger  in  proportion  as  the  boiling- 
poiht  of  the  body  is  higher,  a  fact  which  needs  explanation. 
Wurtz"  observed  a  similar  difference  between  the  determined 
and  calculated  vapor  densities  of  bodies  of  the  formulae  CnHa 
andCnHn+a,  which  he  accounted  for  on  the  ground  that  his 
preparations  contained  an  admixture  of  bodies  less  volatile,  the 
vapors  of  which  would  remain  in  the  balloon,  and  increase  the 
density.  But  I  cannot  accept  this  explanation  for  the  substances 
here  Jtreated  of,  since  they  invariably  distil  without  residue  with- 
in a  range  of  one  degree  of  temperature.  I  would  rather  rely 
xi^xk  the  supposition  tha^i  the  high  temperature  employed  causes 

I)artial  decomposition  of  the  substance,  which  would  be  the  more 
iable  to  occur  the  higher  the  boiling-point  of  the  bpdy.  I  do 
not^  however,  offer  this  as  an  explanation,  but  merely  make  the 
suggestion. 

PduiT  XL — Hydrocarbons  from  Oil  of  Cumin  and  Cuminie  Acid. 

The  oil  of  cumin  employed  in  this  research  was  furnished  by 
Messrs.  Reed  &  Cutler,  wholesale  importers  of  drugs,  etc.,  of 
Boston.    The  package  bore  the  label  of  Eduard  Biittner,  manu- 

**  Balletin  de  la  Sod^t^  Chimique  de  Paris,  1868,  809. 
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factnrer,  of  Leipzig,  and  purported  to  be  a  genuine  preparation^ 
answering  in  all  of  its  obvious  pbysical  properties — odor,  color, 
etc. — the  description  given  of  this  oil  by  Gerhardt  and  Cahours*' 
in  their  original  memoir  on  this  substance,  who,  it  appears,  also 
employed  a  commercial  preparation.  Its  behavior  in  distilla- 
tion left  no  doubt  of  its  being  a  genuine  article ;  and  this  was 
afterwards  confirmed  by  treatment  of  the  cuminole  with  fused 
potash,  for  the  production  of  cuminic  acid,  its  comportment  with 
this  reagent  being  in  all  respects  identical  with  that  described 
by  Gerhardt  and  Cahours.  Subjected  to  repeated  series  of  frao- 
tionings  by  my  process  of  fractional  condensation  already  re- 
ferred to,  it  gave,  in  addition  to  cymole  and  the  residue  of  cu- 
minole,  a  body  boiling  at  about  155^,  which  so  closely  resembles 
oil  of  turpentine  in  odor,  etc.,  as  to  be  hardly  distinguishable 
from  the  latter  substance.  The  presence  of  this  body  may  ac- 
count for  the  very  low  boiling-point  which  Gerhardt  and  Ca- 
hours assigned  to  cymole,  viz:  165^.  The  boiling-point  of 
cymole  was  subsequently  found  by  Gerhardt"  to  be  175^,  but 
my  own  determination  places  it  still  lower  by  about  6^.  It  is 
evident,  therefore,  from  a  comparison  of  their  own  determina- 
tions, that  the  oil  of  cumin  which  they  originally  operated  upon 
contained  an  oil  boiling  below  cymole ;  and  hence  the  finaing 
of  such  an  oil  in  that  which  I  employed  need  not  raise  a  doubt 
as  to  its  being  genuine.  This  lighter  body  is  present  in  so  small 
a  quantity  as  hardly  to  admit  of  its  being  detected,  or  at  least 
identified,  by  the  old  process  of  fractiouing;  and  its  detection 
and  isolation  by  the  new  process  is  but  another  illustration  of 
the  superior  excellence  of  this  method. 

1.  Of  the  Body  RESEMBLma  Oil  op  Turpentine.— Spe- 
cific gravity,  0*8772  at  0^,  and  0  8657  at  15°. 

Determination  of  Boiling-point. — The  quantity  of  material  at 
command  was  too  small  to  admit  of  attaining  so  high  a  degree 
of  purity  for  this  body  as  was  desirable.  The  product  obtained, 
however,  distilled  almost  to  dryness  between  153°'4  and  155°  5. 
Taking  the  average  of  these  observations,  and  applying  the 
usual  corrections,  we  obtain  155°-8  for  the  boiling-point  of  this 
body. 

Analysis, — 0*2575  gram  of  the  substance  gave,  by  combustion 
with  oxyd  of  copper,  0-8288  of  carbonic  acid,  and  0-2766  of  water. 

Calculated.  Pound. 

Carbon,  C^^  120  8824 

Hydrogen,      H,^  16  11-76 

186  10000  99-67 

"  AimaleB  de  dnmie  et  d«  Thjnqne,  1841,  [8],  i,  60. 
*  IMd.,  1846,  [8],  iv,  111. 
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16^ 

211* 

768** 

•4»»  at  14° 

0*49d(^ 

221  cc 

4-7281 

«, 

4-7028 
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Determination  of  Vapor  Density. — 

Temperature  of  balance. 
Temperature  of  oil  bath, 
Height  of  barometer, 
iDcrement  of  balloon, 
Capacity  of  balloon, 

Density  of  vapor  found, 

Theory,  C2<,Hjg=4  volumes, 

Excess  found,  '0253 

The  calculated  density  on  the  formula  C,  ,H ,  ^  is  4*686 ;  which, 
compared  with  the  density  found,  would  increase  the  excess  to 
0  093.  Although  the  determination  agrees  more  nearly,  indeed 
almost  exactly,  with  the  calculated  density  on  the  formula  C,  ^ 
H,„  the  calculation  on  the  formula  CjoH,^  does  not  show  a 
greater  variation  from  the  density  found,  than  we  have  observed 
to  be  quite  frequent  with  hydrocarbons  of  so  high  boiling-point; 
80  that  it  may  be  questionable  which  of  these  formulae  is  the  true 
one.  I  cannot  regard  the  determination  of  a  vapor  density  as 
reliable  for  fixing  the  formula  nearer  than  to  within  two  equiva- 
lents of  hydrogen.  In  the  absence  of  opposing  evidence,  it  will 
be  wiser,  however,  to  take  the  formula  which  agrees  best  with 
the  results  of  experiment;  at  least  until  it  shall  be  shown  that 
the  discrepancy  between  the  calculated  and  observed  vapor 
densities  of  bodies  of  high  boiling-point,  which  appears  to  be  so 
frecjuent,  is  nearly  constant,  or  variable  by  some  fixed  law  by 
which  the  amount  of  the  error,  in  any  given  case,  may  be  pretty 
nearly  estimated.  I  shall  therefore  regard  this  body  as  having 
the  formula  C,oHt8»  which  is  also  better  supported  by  the  re- 
sults of  analysis.  On  account  of  its  source,  and  close  resemblance 
to  oil  of  turpentine,  I  think  of  no  better  appellation  for  this  body 
than  cumo-oil  of  turpentine ;  thus  adding  another  to  the  long  list 
of  isomers  of  the  lormer  substance,  the  chemical  relations  of 
which  stand  in  so  much  need  of  being  further  studied. 

2.  CuMOLE. — This  body  was  first  obtained  by  Gerhardt  and 
Cahours,"  by  the  dry  distillation  of  a  mixture  of  six  parts  of 
crystallized  cuminic  acid,  and  twenty-four  parts  of  caustic  baryta. 
Abel"  obtained  the  same  result  by  substituting  caustic  lime  for 
the  baryta.  His  product,  however,  was  found  to  boil  4®  above 
that  of  Gerhardt  and  Cahours.  My  preparation  was  also  made 
by  the  use  of  lime.  Although  the  results  of  my  experiments 
confirm  the  conclusions  arrived  at  by  Gerhardt  and  Cahours  as 
to  the  composition  of  this  body,  yet  the  numerical  results  differ 
considerablv  from  theirs.  I  have  also  observed  some  new  facts 
regarding  the  formation  of  this  body.    They  have  described  the 

•■  Annales  de  Obimie  et  de  Physique,  1845,  [8],  iv,  87. 
**  ADoalea  der  Chemie  uod  Pharmade,  1847,  \xvr,  818. 
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reaction  between  the  baryta  and  cuminic  acid  as  being  much 
more  simple  than  mj  experiments  seem  to  indicate.  On  this 
point  they  remark :  **  The  formation  of  camene  is  easily  explain- 
ed. In  enect,  the  cuminic  acid  being  represented  by  C^  ^^H,  ^O-, 
it  appears  that  C^O^,  that  is  to  say,  2  equivalents  of  carbonic 
acio,  are  retained  by  the  baryta,  while  Cj^H,  ^  are  set  free."" 

In  another  place  (p.  88)  they  remark,  that  **  by  suitably  man* 
aging  the  heat,  and  employing  no  more  than  6  gr.  of  cuminic 
acid  at  a  time,  no  other  products  are  ever  obtained  than  those 
which  we  mention.""  My  experiments  show  that  this  reaction 
is  by  no  means  so  simple  as  thus  described.  The  crude  product 
obtained  from  the  mixtufe  of  lime  and  cuminic  acid,  when  sub- 
jected to  a  simqle  distillation  from  a  tubulated  retort,  was  found 
to  distil  between  155°  and  250°,  leaving  a  residue  at  the  latter 
temperature  which  became  semi-fluid  on  cooling.  The  distillate 
thus  obtained  gave,  by  my  process  of  fractional  condensation,  an 
oil  boiling  at  151°*1,  and  a  residue  at  170°.  It  is  not  improbable 
that  the  latter  may  prove  to  be  mostly  cymole,  C,  ,H,  ^ ;  but  the 
quantity  was  too  small  to  admit  of  pursuing  this  inquiry  with 
tne  probability  of  deciding  the  question.  There  is  evidence, 
however,  that  the  product  obtained  by  Gerhardt  and  Cahours 
was  not  simply  pure  cumole,  as  they  described  it,  but  a  mixture 
of  dififerent  Dodies,  which  would  necessitate  a  more  complicated 
reaction  than  that  which  they  assigned.  Gerhardt  and  Cahours 
found  the  boiling-point  of  their  cumole  to  be  constant  at  144°, 
Four  years  later,  Gerhardt,'*  having  occasion  to  make  a  very 
accurate  determination  of  the  boiling-point  of  this  body,  in  con- 
nection with  his  research  to  find  a  Taw  governing  the  boiling- 
eoints  of  the  hydrocarbons,  found  its  boiling-point  to  be  9° 
igher,  viz.  153°,  which  is  but  2°  higher  than  my  own  deter- 
mination. The  disagreement  between  their  determinations,  it 
being  so  considerable,  may  be  more  reasonably  accounted  for 
on  the  supposition  that  they  operated,  in  the  first  instance,  upon 
a  mixture  of  different  bodies ;  and  yet  I  cannot  see  how  they 
could  have  obtained  the  product  boiling  below  150°.  Additional 
evidence  on  this  point  will  be  found  in  the  discrepancy  which 
appears  between  their  determination  of  the  vapor  density,  and 
that  calculated  upon  theory. 

^  **  La  formation  du  cum^ne  s'ezplique  ais^ment  En  effet,  I'acide  cuminique 
etant  repr^ntS  par  C40H24O4  on  voit  que  C4O4,  c'est-adire  2  equivalents 
cTacide  carbouique  sont  retenus  f)ar  la  baryte,  tandis  que  C3QH34  sont  d^gag^." 
— Annales  de  Chimie  et  de  Physique,  1841,  [8],  i,  89. 

**  '*  En  dirigeant  la  cbaleur  convenabletnent  et  en  n'employant,  pas  plus  de  dsr- 
(Tacide  cuminique  i  la  fois,  on  u'obtient  jamais  d'autres  produits  que  ceux  que 
Doos  Tenons  de  nommer." 

••  Annales  de  Chimie  et  de  Physique,  1846,  [8],  xiy,  107. 

Am.  Jour.  801.— Second  Sbribs,  Vol.  XL,  No.  118.— Jult,  1866. 
14 
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The  specific  gl^vity  of  ray  preparation  of  cumole  was  foimd 
to  be  0  8792  at  0^  and  0-8675  at  15^. 

Determination  of  Boiling-point. — Thequantity  of  material  being 
quite  small,  this  determination  was  made  in  a  large  test  tube, 
-y^ith  the  usual  precautious.  It  had  not  a  perfectly  constant 
boiling-point,  the  distillation  ranging  from  148  4  to  151°'6.  Ap- 
plying tne  proper  corrections  to  the  mean  of  these  observations, 
gives,  for  tne  boiling-point  of  cumole^  151°'l,  which  is  doubt- 
less a  little  too  high  from  the  impracticabilitv  of  making  a  com- 
flete  separation  with  the  small  quantity  of  material  employed, 
f  the  boiling-point  difference  between  cumole  and  cymole^  for 
the  difference  of  C,H,  in  their  elementary  formulae,  is  80°,  aa 
there  is  every  reason  to  believe,  then  the  boiling-point  of  cumole 
should  be  150°,  aa  I  have  found  the  boiling-point  of  cymole  to 
be  but  a  firaction  under  180°. 

Analysis, — 0*1700  gram  of  cumole  gave,  by  combustion  with 
oxyd  of  copper,  0-568  of  carbonic  acid,  and  01557  of  water. 

Calcalated.  found. 

Carbon,  C^g  108  90MD0  90-35 

Hydrogen,     H,,  12  10*00  1018 

120  100-00  100-68 

Determination  of  Vapor  Density. — 

Temperature  of  balance,  17^ 

Temperature  of  oil  bath,  203^ 

Height  of  barometer,  760-l""»  at  16^ 

Increment  of  balloon,  0*4428 

Capacity  of  balloon,  232  c.  c 

Density  of  vapor  found,  4*2003 

Theory,  CjgH J 2=4  volumes,  4*151 

This  determination,  as  well  as  the  results  of  analysis,  confirms, 
therefore,  the  formula  which  Grerhardt  and  Cahours  had  assigned 
to  this  body.  I  had  anticipated  a  different  result  from  this,  inas- 
much as  the  hydrocarbon  from  coal-tar  naphtha,  which  I  have 
called  iso^umole^  boiling  at  170®,  or  nearly  20°  higher  than  cu- 
mole from  cuminic  acid, — had  been  found,  as  I  have  shown 
above,  to  have  the  formula  CisHia.  I  am  forced  to  the  conclusion, 
therefore,  that  these  two  bodies  are  isomeric,  and  belong  to  differ- 
ent series.  A  preliminary  examination  of  their  behavior  with 
reagents  indicates  that  their  chemical  properties  are  also  differ- 
ent   These  will  be  treated  of  on  a  future  occasion,  in  Part  III. 

3.  Cymole. — Notwithstanding  that  this  body  is  so  much  more 
volatile  than  the  cuminole  with  which  it  ia  associated  in  the  oil 
of  cumin, — there  being  a  difference  of  40"*  between  Uieir  boiling- 
points,--Gerhardt  and  Cahours  found  it  necessary  to  resort  to 
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chemical  means,  viz:  treatment  with  fused  potash,  in  order  to 
isolate  it  Being  desirous  of  testing  the  efficiency  of  my  pro- 
cess in  eflfecting  the  separation,  the  preparation  employed  in  this 
investigation  was  obtained  by  fractional  condensation,  this  pro- 
cess having  been  found  as  effective  in  this  as  in  other  cases. 
This  will  appear  by  a  comparison  of  the  results  obtained  in  the 
studv  of  this  body  before  and  after  treatment  with  concentrated 
sulphuric  acid,  which  is  also  effective  to  remove  cuminole. 
/Specific  gravity. — 

At    0*,  before  treatment  with  HO  SO^,        0-S697 
At    0%  after  ♦*  "  "  0-8724 

At  14^  before        **  «  ««  08592 

Determination  of  Boiling-point  be/ore  Treatment  with  Sulphuric 
Acid, — The  preparation  was  found  to  distil  to  dryness  between 
176°*8  and  177°.  The  temperature  remained  absolutely  constant 
at  176°  during  the  lapse  of  ten  minutes,  and  occupied  fifteen 
minutes  in  rising  from  176°  to  176° '5.  Taking  the  mean  of  the 
former  numbers,  viz:  176°'4,  and  applying  the  proper  correc- 
tions for  pressure,  etc.,  we  obtain  179  '5  for  the  boiling-point  of 
cymole. 

After  Treatment  with  Sulphuric  Acid, — The  preparation  dis- 
tilled to  dryness  between  176  and  177°,  the  temperature  remain- 
ing thirteen  minutes  constant  at  176°'8,  indicating  that  no  essen- 
tial change  in  the  boiling-point  had  been  produced  by  the  acid 
treatment.  It  was  nevertheless  evident  that  some  impurity  was 
being  removed  by  the  acid,  as  the  first  portions  of  the  latter  be- 
came dark-colored  and  thickened  on  being  agitated  with  the  oil. 
Successive  portions  of  acid  were  therefore  employed,  until  it 
ceased  to  produce  any  marked  effect 

Analysis  be/ore  Treatment  with  Sulphuric  Acid, — 0*1589  gram 
of  cymole  gave,  by  combustion  in  a  stream  of  oxygen  gas,  05200 
of  carbonic  acid,  and  0*1532  of  water. 

Calculated.  Found. 

Carbon,  C^^  120  89-56  89-26 

Hydrogen,     H,^  14  10-46  10-71 

134  100-00  09-06 

After  Treatment  with  Sulphuric  Acid,  and  DistiUaiion  in  Vacuo, 
— 01628  gram  of  cymole,  by  combustion  in  a  stream  of  oxygen 
gas  gave  0*5824  of  carbonic  acid,  and  0*1561  of  water. 

Calcntated.  Found. 

Carbon,  C^^  120  89-56  89-46 

Hydrogen,     Hj^  14  10-46  10-68 

184  100*00  100-14 
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The  removal  of  impurity  by  treatment  with  sulphuric  acid  had 
therefore  hardly  a  sensible  effect  on  the  results  of  analysis. 

Determination  of  Vapor  Density  he/ore  Treatment  with  Sulphuric 
Acid. — 

Temperature  of  balauce,  11* 

Temperature  of  oil  bath,  269° 

Height  of  barometer,  740-6""  at  6* 

Increment  of  balloon,  0*4446 

Capacity  of  balloon,  239  c  c 

Density  of  vapor  found,  4*742 

Theory,  C2<jHj^=4  volumes,  4-6361 

After  Treatment  with  Sulphuric  Acid. — 

Temperature  of  balance,  25*-6 

Temperature  of  oil  bath,  266* 

Height  of  barometter,  760""  at  26* 

Increment  of  balloon,  0*4647 

Capacity  of  balloon,  232  c.  c. 

Density  of  vapor  found,  4*7636 
Ditto  before  treatment  with  HOSO^,  4*742 

Difference,  '0116 

The  results  of  the  two  determinations  are  therefore  almost 
identical. 

A  comparison  of  the  above  results  with  those  obtained  in  the 
study  of  isocumole,  the  body  from  coal-tar  naphtha  boiling  at 
170°,  will  show  that  the  two  bodies  are  far  from  being  the  same 
substance,  as  Mansfield  assumed,  and  that  they  have  a  constitu- 
tional difference  of  CjH,,  and  therefore  doubtless  belong  to  dif- 
ferent series. 

Note. — I  had  hoped  to  be  able  to  present  on  this  occasion  the  results 
of  the  study  of  some  of  the  more  important  reactions  of  the  hydrocarbons 
treated  .of  in  the  preceding  pages, — at  least,  of  those  in  regard  to  which 
I  have  differed  from  my  predecessors ;  but  as  this  work  is  yet  incomplete, 
and  as  I  am  at  present  occupied  with  the  study  of  other  substances  of  more 
immediate  interest,  I  will  defer  this  branch  of  the  subject  for  future  con- 
sideration, in  Part  HI.  I  may  here  remark,  however,  that  the  behavior 
x>f  these  bodies  with  reagents  is  such  as  to  strengthen  the  oonclosioDt 
already  expiressed  in  regard  to  them. 

[To  be  oondoded.] 
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Abt.  XIII. — On  the  nature  of  the  Invisible  Photographic  Image; 
by  M.  Caeey  Lea,  Philadelphia.    In  a  letter  to  the  Editors, 

Some  experiments  in  which  I  have  lately  been  engaged  seem 
to  me  to  finally  settle  the  long-contested  question  as  to  the  na* 
ture  of  the  invisible  photographic  image,  and  I  hasten  to  send 
a  very  brief  description  of  them,  hoping  it  will  be  in  time  for 
your  July  number. 

The  view  that  the  change  which  takes  place  in  an  iodo-bro* 
mized  plate  in  the  camera,  is  a  purely  physical  one,  that  no 
chemical  decomposition  takes  place,  and  neither  liberation  of 
iodine  nor  reduction  of  silver,  has  obtained  a  pretty  general  ac* 
ceptance.  But  latterly  it  has  been  opposed  by  two  distinguished 
photographers.  Dr.  Vogel  and  Major  Kussel.  The  former  affirms 
that  iodid  of  silver  is  never  sensitive  unless  there  is  a  body 

()resent  capable  of  taking  iodine  from  it  under  the  influence  of 
ight.    And  Russel  believes  that  the  developed  image  is  chiefly 
produced  at  the  expense  of  the  silver  haloid  in  the  film. 

The  following  experiments  seem  to  me  to  decisively  close  this 
^controversy  in  favor  of  the  physical  theory. 

Mcperiment  1. — If  the  iodid  or  bromid  of  silver  in  the  film 
undergoes  decomposition  in  the  camera,  and  still  more,  if  the 
developed  image  is  formed  at  its  expense,  the  film  of  iodo-bro- 
mid  must  necessarily  be  greatly  consumed  in  the  development 
under  the  dense  portions  of  the  negative,  which  it  has  contrib- 
uted to  form. 

To  settle  this  point,  I  exposed  and  developed  an  iodo-bro* 
mized  plate  in  the  ordinary  manner.  Then,  instead  of  remov- 
ing the  unchanged  iodid  and  bromid  by  fixing  in  the  ordinary 
manner,  I  took  measures  to  remove  the  developed  image  without 
affecting  the  iodid  and  bromid.  This  I  succeeded  in  doing  with 
the  aid  of  a  very  weak  solution  of  acid  per-nitrate  of  mercury. 
Now,  if  the  iodid,  or  bromid,  or  both,  had  been  in  any  way  de*- 
composed,  to  form,  or  aid  in  forming,  the  developea  negative 
image,  when  this  came  to  be  removed,  there  should  have  been 
lefk  a  more  or  less  distinct  positive  image,  depending  upon  varyincf 
thicknesses  of  iodid  and  bromid  in  the  film,  much  like  a  fixed 
negative  that  has  been  completely  iodized.  Nothing  of  this  sort 
was  visible,  the  film  was  perfectly  uniform,  just  as  dense  where 
an  intense  sky  had  been,  as  in  those  parts  which  had  scarcely 
received  any  actinic  impression,  and  looking  exactly  as  it  did 
when  it  first  lefii  the  camera,  and  before  any  developer  had  been 
applied. 

This  experiment  seems  sufficiently  decisive.  But  the  follow* 
ing  is  far  stronger. 
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Experiment  2. — A  plate  was  treated  in  all  respects  as  in  No.  1, 
except  that  the  application  of  the  nitrate  of  iBcrcury  for  remov- 
ing the  developed  image  was  made  by  yellow  light.  The  plate, 
now  showing  nothing  but  a  uniform  yellow  film,  was  carefully 
washed,  and  an  iron  developer,  to  which  nitrate  of  silver  and 
citric  acid  had  been  added,  was  applied.  In  this  way  the  original 
image  was  reproduced^  and  came  out  quite  <5learly  with  all  its 
details. 

Now  as  every  trace  of  a  picture  and  all  reduced  silver  had 
been  removed  by  the  nitrate  of  mercury,  it  is  by  this  experi- 
ment absolutely  aemonstrated  that  the  image  is  a  purely  physi- 
cal one,  and  that  after  having  served  to  produce  one  picture, 
that  picture  may  be  dissolved  off,  and  the  same  physical  impres- 
sion may  be  made  to  produce  a  second  picture  by  a  simple  ap- 
plication of  a  developing  agent 

Philadelphia,  June  14, 1866. 

P.  S, — Since  the  above  was  written,  I  have  repeated  the  ex- 
periment with  a  pyrogallic  development  with  similar  results. 
Both  the  first  ana  second  developments  mav  be  made  with  an 
iron  developer,  or  both  with  a  pyrogallic.  The  experiment  suc- 
ceeds without  the  least  difficulty  in  either  way. 


O 


Abt.  XTV. — Mineralogical  Notices;  by  Pro£  C.  U.  Shkpakd. 

1.  Syhedrite. — I  have  thus  named,  from  its  locality,  a  very 
retty  green  mineral  sent  me  in  small  quantity  by  Dr.  Thomas 
>ldham.  Geological  Surveyor  General  of  India.  It  has  the  fol- 
lowing properties :  Hardness  =85.  Gravity  =2-321.  Massive; 
irregularly  foliated  in  much-contorted  individuals,  resembling 
common  varieties  of  massive  highly  crystalline  dolomite.  Color 
leek-green, — that  of  the  purest  Indian  heliotrope.  Translucent 
on  the  edges  onlv.  Luster  vitreous.  Cleavage  in  one  direction 
very  distinct.  Brittle.  Liable  to  alteration  by  exposure  to  the 
weather,  when  it  loses  its  luster  and  cleavage,  and  assumes  a  pale 
greenish  color,  at  the  same  time  emitting  an  earthy  odor  if  mois- 
tened. 

Before  the  blowpipe  it  swells  up  slightly  and  undergoes  easy 
fusion  into  a  slightly  erayish  pearly-white  enamel.  WitJi  borax 
it  gives  imperfectly  the  reaction  of  iron.  Its  powder  is  apple- 
^reen,  in  wnicb  state  it  is  but  slowly  attacked  by  long  boihng 
in  ohlorhydric  acid.    The  liquid  does  not  gelatinize  on  cooling. ' 

As  I  wished  to  preserve  as  much  as  possible  of  the  matenal 
for  an  analysis  hj  Mr.  Tyler,  I  had  but  six  grains  to  submit  to  a 
qualitative  examination.    Nevertheless,  I  kept  as  accurate  an  ac- 
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count  as  I  was  able  of  the  results  obtained^  They  were,  Silica 
55-00,  alumina  12-00,  lime  600,  protoxyd  of  iron  4*50,  magnesia 
2-20,  water  18-83=94-16. 

The  mineral  occurs  in  trap  at  Thore-Ghat,  in  the  Sjhedre© 
Mountains,  Bombay. 

Mr.  W.  S.  Tyler  has  sent  me  the  following  account  of  his 
chemical  examination,  in  a  letter  dated  Gottingen,  March  1, 1865. 

"I  hare  finished  my  examination  of  the  Syhedrite,  with  the 
exhaustion  of  the  material,  and  send  you  herewith  the  results  at 
which  I  hare  arrived.  Though  not  so  satisfactory  as  could  be 
desired,  some  conclusions  as  to  the  constitution  of  the  mineral 
may  nevertheless  be  drawn  from  them.  I  devoted  most  of  the 
material,  of  course,  to  a  search  for  the  alkalies,  but  found  none 
present.  Of  the  rest,  the  larger  part  was  used  for  the  determina- 
tion of  the  water  and  silica,  and  of  the  bases  as  well  as  possible. 
The  determination  of  the  silica  failed,  through  an  accident;  and 
the  precipitate  of  alumina  and  oxyd  of  iron  was  melted  with 
nitrate  of  potassa  to  see  if  a  trace  of  chrome  were  present. 
None,  however,  was  found.  So  only  the  water,  lime  and  mag- 
nesia were  determined  in  this  portion.  The  small  remainder 
was  again  divided.  One  portion  was  heated  with  concentrated 
sulphuric  acid  in  an  atmosphere  of  carbonic  acid,  to  discover,  if 
possible,  whether  the  iron  was  present  as  protoxyd  or  peroxyd ; 
out  the  mineral  appeared  to  be  entirely  insoluble.  The  other 
portion,  of  0*095  grams,  was  devoted  to  a  second  determination 
of  the  water. 

No.  1  (0*8239  grs.)  was  decomposed  with  hydrofluoric  acid, 
and  gave  01241  gr.  A1«0%  0025  gr.  Fe«0',  0  0595  gr.  CaO. 

No.  2  (0*8695  gr.),  decomposed  in  the  usuid  way,  with  carbon- 
ate of  soda  and  potassa,  afxer  ignition  to  determine  the  water, 
gave  0*0209  gr.  (JaO,  0-009  gr.  MgO. 

No.  8  (0095  gr.)  gave  00156  gr.  HO. 

Analyses. 


1. 

2. 

8.          Aversfe. 

Otygpn. 

Ratio. 

XI, 

1606 

1606 

7-08 

7-08 

2 

2-71 

2^1 

•60 

7-28 

5-67 

6-46 

1-84  . 

8-42 

1 

Mjr, 

8*46 

2-46 

•98 

a 

16-88 

16-42        1640 

14-60 

14-60 

4 

5i, 

(by 

theloes) 

=    66*92 

80-86 

80-86 

9 

100*00 

The  simplest  formula  which  corresponds  to  a  ratio  1:2:9:4 
would  be  (3feSi+2iiSi5)+i2  tq.,  in  which  fi  represents  5l;  and 
ft,  te,  6  and  ijig,  in  the  proportion  2*e.  6Ca  and  zAg.  This  formula 
requires  SiO^  58*05,  HO  15*47,  A1»0'  14-78,  FeO  2*81,  CaO 
6*71,  and  MgO  2*84.  If  the  iron  be  calculated  as  peroxyd,  we 
have  the  following  composition : 


Digitized  by  VjOOQ IC 


112  C.  U.  Shepard—MineralogicalNoticei. 


Oxygen. 

Rati 

3Pe. 

1606 
80S 

703  ) 
•90  ) 

^•98 

8 

646 
2-46 

1-84 
•98   ' 

2-82 

1 

a 

16-40 

14-60 

14-60 

6 

Bi, 

66-60 

80^16 

8016 

11 

&:fi:Si:£[=±l:8:ll:0 


So  regarded  it  has  very  nearly  the  composition  of  stilbite,  tbe 
oxygen  ratio  in  which  is  1 :  3  :  12 :  5,  or  (fe§i»+afcigi«)+6  aq.,  with 
gi  59-79,  3fcl  16-61,  Ca  9*06  and  fi  14  54.  The  mineral  differs, 
however,  from  stilbite  in  its  complete  insolubility  in  acids;  and 
its  green  color  would  seem,  in  the  absence  of  chrome,  to  indi- 
cate that  the  iron  was  contained  as  protoxyd.  Want  of  material 
prevented  any  further  attempts  to  solve  this  not  altogether  easy 
question."    *    *    *    * 

2.  Octahedral  Oamet  at  Middktoum,  Conn. — Ever  since  the 
china-stone  quarry  of  feldspar  has  been  wrought  at  Middle- 
town,  I  have  known  of  the  occasional  finding  there  of  precious 
garnet  in  small  drusy  masses,  either  loose  in  cavities  of  feld- 
spar or  slightly  adhering  to  the  walls  of  such  cavities.  The 
color  is  intermediate  between  blood-red  and  hyacinth-red.  The 
largest  masses  were  rarely  above  half  an  inch  in  diameter. 
Their  most  ambiguous  feature  was,  that  they  presented  no  facets 
of  the  rhombic  dodecahedron  or  the  trapezohedron,  both  of 
which  forms  were  often  to  be  met  with  in  the  common  red-brown 
garnet  of  the  same  locality.  Prof.  Johnston  of  Middletown,  how- 
ever, has  lately  sent  me  a  small  fragment,  amone  some  fragments 
of  columbite,  which  shows  distinct  octahedral  Sices,  thus  evinc- 
ing the  relationship  of  the  substance  with  the  octahedral  garnet 
of  Elba. 

8.  Oorundophilite  at  Chester,  ifass.^ — 1  find  this  mineral  to  be 
most  abundant  along  with  the  emery  of  this  locality,  especially 
with  the  coarse  granular  variety  (where  the  corundum  is  in 
rhombohedral  crystals  of  a  reddish-brown  color) ;  also  with  the 
margarite.  Ilmenite,  in  thin  curved  laminae,  is  likewise  asso- 
ciated with  the  margarite. 

4»  American  Sienna. — A  valuable  repository  of  this  precious 
pigment  exists  in  the  town  of  Whately,  whicn  will  soon  be  re- 
ported upon,  and  is  destined  to  be  brought  into  extensive  use. 

5.  Diaspore  in  the  Emery-rock  of  Chester^  Mass, — I  found  this 
mineral  on  the  surfaces  of  cross-joints  of  the  emery-rock  about 
a  month  since.  It  was  associated  with  rose-colored  amphode- 
lite.  On  visiting  the  locality  yesterday,  I  again  discovered  it 
similarly  situated,  but  associated  with  radiated  epidote ;  and  in 

*  This  if  the  mineral  which  Dr.  Jackson,  in  his  account  of  the  emery  localitj, 
calls  eA/m<ot(^ 
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a  second  instance,  in  very  distinct  crystals  occnpyinff  little  clefts, 
the  crystals  being  implanted  on  massive  or  simply  foliated  dias- 

?>re  of  a  delicate  pink  color,  similar  to  the  Hungarian  variety, 
he  crystals  had  the  form  usually  figured  for  Gcethite,  and  were 
of  a  biood-red  color,  owing  to  a  very  thin  film  of  peroxyd  of 
iron.  When  broken  across,  however,  they  showea  the  same 
tint  as  the  massive  mineral  beneath.  The  hardness,  cleavage, 
and  blowpipe  characters  fully  agreed  with  the  inferences  con- 
cerning the  nature  of  the  mineral  derived  from  crystalline  form. 

The  observation  is  the  more  interesting  as  adding  another 
species  to  the  associates  of  emer^  detected  at  this  locality.  I 
have  elsewhere  had  occasion  to  point  out  two  Connecticut  local- 
ities of  diaspore,  one  at  Litchfield  with  corundum  and  kyanite, 
the  other  at  Trumbull  with  topaz  and  fluor. 

6.  Dipyre  at  Canaan^  Conn, — Mr.  F.  E.  Seymour  of  New  York 

Sve  me  for  examination  an  unknown  mineral  which  I  find  to 
dipyre.  It  occurs  in  small  crystals  disseminated  through  a 
white  saccharoidal  limestone,  associated  with  minute  crystals  of 
pyrites  and  occasional  scales  of  a  nearly  colorless  mica.  At 
first  view  the  mineral  seemed  to  be  a  glassy  pyroxene ;  but  on 
further  examination  it  was  found  to  disagree  with  that  species 
both  in  form  and  in  the  absence  of  cleavage.  The  crystals  are 
octagonal  prisms,  or  rather  right-square  prisms,  with  their  lateral 
edges  deeply  truncated,  so  as  to  possess  very  nearly  equal  breadth 
with  the  J)rimary  planes,  to  which  they  incline  under  angles  of 
135^  (reflfec.  goniom.).  Hardness  =6.  Gravity  =2*6.  Semi- 
transparent.  Color  gray  with  a  tinge  of  blue.  Fracture  con- 
choidal  to  uneven.  No  traces  of  cleavage.  Luster  vitreous. 
Largest  crystals  one-third  of  an  inch  in  diameter.  Length  about 
three  times  their  diameter.  I  have  seen  but  one  crystal  (out  of 
fifty)  that  showed  a  tendency  toward  a  regular  termination. 
This  exhibited  one  of  the  pyramidal  planes  common  in  meionite 
and  scapolite.  Before  the  blowpipe  it  immediately  whitens,  be- 
comes nearly  opake,  and  fusee  easily  with  ebullition  into  a  vesic- 
ular glass,  the  name  of  the  blowpipe  being  deeply  colored  yellow. 

Amherst  Ck>llege,  Feb.  15, 1865. 


SCIENTIFIC    INTELLIGENCE. 

I.    CHEMISTRY  AND  PHYSICS. 

1.  On  the  chemical  constitution  of  the  brain. — Lisbrsich  has  discov- 
ered in  the  fresh  brain  of  man  and  animals  a  crystalline  substance  to 
which  he  has  given  the  name  of  protagon  (from  nq^xayov).  The  brain 
of  an  animal  is  most  conveniently  obtained  free  from  blood  by  catting 
the  carotid  arteries  and  injecting  water  until  the  liquid  which  flows  from 
Ah.  Joub.  Sol— Second  Sbribs,  Vol.  XL,  No.  lia— Jult,  1865. 
15 
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the  veins  is  colorless.  After  removal  from  the  skull  and  adberinff  mem* 
brait^,  the  brain  is  to  be  rubbed  in  a  mortar  to  a  fine  paste  and  the  maas 
shaken  in  a  flask  with  water  and  ether.  Cholesterin  and  substances  solu- 
ble in  water  are  thus  removed ;  after  filtering,  the  mass  on  the  filter  is 
treated  with  alcohol  of  86  per  cent  at  46*  C.  in  a  waterbath  and  then 
filtered  through  a  water-bath  filter.  The  filtrate  is  to  be  cooled  to  0*  C, 
when  an  abundant  flocky  precipitate  settles,  which  is  to  be  collected  upon 
a  filter  and  washed  with  cold  ether  until  the  filtrate  is  free  from  choles- 
terin. The  mass  is  then  to  be  dried  under  the  air-pump  over  sulphuric 
acid,  moistened  with  a  little  water  and  dissolved  in  alcohol  at  45^  C. 
The  solution,  after  filtration,  is  to  be  allowed  to  cool  gradually  upon  a 
water-bath  to  the  mean  temperature  of  the  atmosphere,  when  the  liquid 
wilt  be  found  filled  with  microscopic  crystals.  These  differ  somewhat  in 
appearance  according  to  the  quantity  of  alcohol  employed ;  they  may  be 
purified  by  repeated  crystallization.  The  pure  protagon  as  obtained  from 
tlie  brains  of  various  animals  was  found  to  have  the  formula 

Dried  under  the  air-pump  over  sulphuric  acid,  protagon  is  a  light  fiockj 
powder  soluble  in  hot  alcohol  and  ether,  but  with  difiiculty  soluble  in 
these  media  when  cold.  Absolute  alcohol  at  a  temperature  higher  than 
55^  C.  decomposes  protagon  partially.  With  water,  protagon  swells 
up  remarkably  and  gives  an  opaque,  starch-like  mass.  More  water  gives 
a  clear  but  opalescent  solution ;  when  boiled  with  saline  solutions  the 
protagon  coagulates,  but  the  coa^ulum  is  not  a  chemical  compound,  as 
the  salts  may  be  washed  out.  Glacial  acetic  acid  dissolves  protagon  to  a 
clear  liquid,  from  which,  on  cooling,  crystals  may  be  obtained  similar  to 
those  yielded  by  alcohol.  When  strongly  heated,  protagon  melts,  be- 
coming at  the  same  time  brown,  and  finally  leaves  a  carbonaceous  mass 
which  is  difficult  to  burn  and  which  has  an  acid  reaction  when  moistened. 

When  protagon  is  boiled  for  24  hours  with  baryta  water,  glycerin- 
phosphoric  acid  is  formed,  which  unites  with  the  baryta,  while  a  new 
base  which  the  author  terms  neurin  is  set  free.  Two  fatty  acids  are 
formed  at  the  same  time,  of  which  one  appeikrs  to  be  stearic  acid.  The 
lead  salt  of  the  other  acid  is  soluble  in  ether,  but  the  acid  is  not  the  oleic 
Neurin  has  the  formula  Cj^Hj^N  as  the  simplest  expression  of  the 
analysis;  its  platinum  salt  is  CjoH^^N^Cl,  PtCl^.  The  above  investi- 
gations are  sufficient  to  show  that  protagon  possesses  an  extremely  com- 
plex structure,  while  the  products  of  its  decomposition  separate  it  in  a 
remarkable  manner  from  other  known  substances.  Liebreich  considers 
it  certain  that  the  glycerin-phosphoric  acid,  oleo-phosphoric  acid,  cerebrin, 
4J^c.,  of  certain  writers,  are  all  secondary  products  of  the  decomposition 
of  protagon.  It  is  to  be  hoped  that  the  author  will  pursne  the  investi- 
gation, which  promises  results  of  extraordinary  importance  and  interesL 
— Ann,  der  Chemie  und  Fharm,,  cxxxiv,  29.  w.  g. 

2.  On  an  advantageous  method  of  preparing  oxygen, — Flbxtmann  has 
given  a  method  of  preparing  oxvgen  from  bleaching  powder,  which  pos- 
sesses much  interest  theoretically,  and  which  appears  also  to  offer  some 
decided  advantages  over  the  ordinary  processes.  The  method  in  question 
depends  upon  the  fact  that  a  concentrated  solution  of  hypochlorite  of 
lime,  when  warmed  with  a  trace  of  freshly  prepared  moist  byparozyd  of 
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oobdt,  is  completely  deoomposed  into  oxygen  and  a  solution  of  chlorid 
of  calcium.  No  chlorate  of  lime  is  formed,  but  the  whole  of  the  active 
oxygon  is  given  off.  The  evolution  of  oxygen  takes  place  at  a  tempera- 
ture of  70**  to  80®  C  in  a  regular  current,  with  a  gentle  foaming  of  the 
liquid.  The  author's  explanation  of  the  process  is  that  a  lower  hyper* 
oxyd  constantly  takes  oxygen  from  the  hypochlorite  of  lime  and  passes 
into  a  higher  oxyd,  which  is  deoomposed  into  oxygen  and  the  lower  oxyd, 
and  the  process  is  then  repeated.  The  same  quantity  of  hyperoxyd  will 
serve  to  decompose  an  indefinite  amount  of  the  hypochlorite;  the  quan- 
tity required  is  very  small,  fron^  ^  to  ^  of  one  per  cent  being  suflScient 
Instead  of  preparing  the  hyperoxyd  of  cobalt  separately,  a  few  drops  of 
any  soluble  cobalt  salt  may  be  added  to  the  solution  of  the  hypochloritCt 
when  a  corresponding  quantity  of  the  hyperoxyd  is  formed.  The  advan- 
tage<t  of  the  new  mode  of  preparing  oxygen,  according  to  Fleitmann,  are 
as  follows.  1.  The  evolution  of  the  gas  is  very  regular  and  easily  man- 
aged, so  that  the  process  may  be  used  for  lecture  experiments  in  which  a 
^as  bladder  cannot  be  employed.  After  the  heat  is  once  applied  the 
amp  may  usually  be  removed,  the  decomposition  going  on  to  the  end. 
2.  AH  the  oxygen  of  the  material  is  obtained,  which  is  not  the  case  when 
peroxyd  of  manganese  is  heated.  3.  The  method  is  much  cheaper  than 
that  by  means  of  chlorate  of  potash. 

It  is  to  be  regretted  that  the  solution  of  hypochlorite  of  lime  cannot 
be  used  in  the  raw  unfiltered  state,  but  must  be  perfectly  clear,  since  a 
milky  solution  foams  so  that  finally  the  whole  contents  of  the  vessel  pass 
over.  A  clear  solution  is  best  obtained  by  decantation,  one  portion  of 
of  the  hypochlorite  being  heated  with  water,  and  then  this  solution  being 
employed  to  act  upon  a  fresh  portion  of  the  bleaching  powder.  In  this 
manner  it  is  easy,  from  a  good  bleaching  powder  of  85  per  cent,  to  ob* 
tain  a  solution  which  evolves  25  to  30  times  its  volume  of  oxygen.  Upon 
the  small  scale,  flasks  may  be  employed  with  advantage,  and  these  Aoay 
be  filled  with  the  liquid  to  ^  of  their  volume.  Upon  the  large  scale  for 
technical  purposes  steam  boilers  would  answer  well,  and  would  permit 
the  evolution  of  gas  under  pressure. — Ann,  der  Chemie  und  Pkarm^ 
cxxxiv,  64.  W'  fl. 

8.  On  propyl-phycit, — Carius  has  given  the  name  of  propyl-phycit  to 
a  new  alcohol,  which  affords  the  first  instance  of  a  tetratomic  organic  oxyd 
in  combination  with  water,  and  the  formula  of  which,  in  the  ordinary 

c  n  ) 

equivalent  notation,  is  CgH^O^,  4H0  or    ^^  v  O3.    The  new  alcohol 

is  an  amorphous,  solid,  tough  and  colorless  substance.  It  does  <not  crys- 
tallize, is  spluble  in  water  and  alcohol,  and  has  a  very  sweet  taste.  In  its 
chemical  relations,  propyl-phycit  resembles  the  group  of  sugars  jn  a  very 
remarkable  manner.  The  solution,  acidulated  with  a  little  cblorhydric, 
sulphuric,  or  even  acetic  acid,  and  evaporated  in  a  water-bath  becomes 
brown,  while  a  body  resembling  humus  separate^  and  the  greater, part  of 
the  alcohol  is  converted  into  a  carbonaceous  mass.  flumus-Jike  substances 
are  also  formed  by  boiling  the  alcohol  with  alkalies.  Propyl-phycit  pre- 
vents the  precipitation  of  ^xyd  of  copper  by  caustic  potash  and  reduces 
silver  from  the  ammonia  nitrate.     Dilute  nitilc.acid  oxydizes  the  alcohol 

C  H  0    ) 
and  forms  a  imw  a^,    •*    ^^  >  0^ ;  'by  a'further  oxydation,, oxalic  acid 
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ii  formed.    All  the  four  eanivalents  of  hydrogen  in  the  roolecnle  of  pro- 

pyl-pbycit  may  be  replaoea  by  other  radicnlB,  simple  or  compound ;  thoa 

OH) 
the  lead  salt  has  the  formula  „  ^.  *  v  Og.    The  author  describes  varioua 

ethers  derived  from  the  new  alcohol,  the  formulae  of  which  are  aa  follows : 
Mono-nitrate,  ^  ^^    V  Og. 

Di-acetat«,  &Jo,H,0,)  J  ^^o- 

Triethyl  ether.  ^(C^HjJ^*- 

Tetrethyl-ether,  ?d^  )    \^»' 

CeV  *       ) 
Di«ceto-dielhyl  ether,  (C^Hj),       J-  0,. 

These  compounds  are  of  special  interest  as  illustrating  the  tetratomic 
character  of  the  new  radical  C^H^,  and  as  establishing  the  existenoe  of 
4-acid  alcohols.  They  render  it,  to  say  the  least,  extremely  probable  that 
Mannit,  and  also  the  ordinary  species  of  sugar,  may  be  prepared  artifi- 
cially,  and  they  confirm  the  view  long  since  proposed  by  Berthelot  that 
the  sugars  are  hyd rated  oxyds  analogous  to  ordinary  alcohol  but  of  a 
higher  order.    A  tetracid  alcohol  will  form  four  cblorids  by  the  successive 

replacement  of  HO,  by  CL   Thus  we  should  have  ^•g*  |  O,,  ^«  J*  j  ^f' 

^*H*  \  C\  '  ^*H*  i  C\  »  ^sH^ .  CI4.    Of  these  two  ohlorids,  the  second 

C  H  ^O 
in  order,  namely,    ^^r^  [  q^  ,  was  obtained  by  the  author  from  glycerine 

and  formed  the  starting  point  of  the  present  investigation. — Ann,  der 
Chemie  und  Pkarm^  cxxxiv,  p.  71.  w.  q. 

IL  MINERALOGY  AND  GEOLOQY. 

1.  Deieriptmns  of  New  Species  of  Fossils  from  the  Palemsaie  Rocks  cf 
the  Western  States;  by  J.  H.  MgChesnbt.  Chicago.  Date  of  text  be- 
tween 1659  aad  1861 ;  illustrations,  1865.' — ^The  letter-press  of  this  me- 
moir, issued  in  separate  parts  some  time  back,  was  briefly  noticed  in  this 
Journal,  [2],  voi  xxxii,  p.  122,  1861.  Since  that  time  the  author  has 
had  most  of  the  fossils  described  by  him  carefully  lithographed,  and  now 
reissues  the  whole,  consisting  of  ninety-seven  largo  octavo  pages  of  text, 
with  intercalated  wood-cuts,  and  nine  well  executed  plates  containing 
alKNit  one  hundred  and  sixty  figures.    The  fact  that  these  figures  were 

*  Hm  exact  dats  oi  the  puUicati<m  of  this  memoir  is  unkaown  to  pi,  siooe  it 
bears  only  the  date  of  the  proration  of  the  first  part,  (Oct  1S69|,  which  was  Doi 
actually  published  for  tome  time  after;  while  we  did  not  receive  toe  last  part,  nor 
aao  we  kara  that  it  reached  others,  until  about  the  mkUlle  of  Fefarosiy,  IMl. 
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drawn  oa  stooe  by  Mr.  Salter  of  London,  the  well  known  English  paleon* 
iologist,  is  alone  a  auffieient  guaranty  for  their  accuracy ;  but  we  can  add, 
from  a  personal  knowledge  of  many  of  these  forms,  our  own  testimony 
that  they  are  faithfully  represented. 

By  reference  to  our  former  notice  of  this  memoir,  alluded  to  abo^e,  as 
originally  published  without  figui-es,  it  will  be  seen  we  were  then  im- 
pressed with  the  remarkable  coincidence  of  the  characters  of  several 
forms  described,  with  those  of  old  and  well  known  species.  But  as  no 
illustrations  accompanied  these  descriptions  as  then  issued,  we  did  not 
consider  our  means  of  comparison  sufficient  to  justify  an  expression  of 
opinion  in  r^ard  to  the  validity  of  the  proposed  new  species.  As  the 
author  has  now,  however,  added  good  figures  of  many  of  these  fossils, 
we  have  made  careful  comparisons  of  the  species  with  those  figured  and 
described  by  others,  and  here  ofier  some  critical  notes  embodying  our 
conclusions. 

To  begin  with  the  first  plate,  we  would  remark  that  figure  1,  BeUfia 
9ubfflobosa  McC.  was  described  by  Dr.  Shumard  in  1858,  under  the  name 
Retzia  punctulifera^  in  the  Trans.  St.  Louis  Acad.  Sci.,  vol.  i,  p.  220.  It 
is  also  identical  with  a  form  described  by  Marcou  during  the  year  1858, 
in  his  N,  Am.  Geol.,  p.  51,  as  Terehratula  Mormoniu  Figure  2,  Tere* 
bratula  geniculosa  McU.  represents  a  well  known  species  described  many 
years  back  in  this  Journal,  by  Dr.  Morton,  from  Ohio,  as  T,  bovidenSy  and 
more  recently  by  Prof.  Hall  under  the  name  T,  millepunctata^  in  vol.  iii. 
Pacific  Rail  Road  Reports,  p.  101,  1857.  Figure  3  of  this  plate  is  not 
mentioned  in  the  explanations  of  the  figures,  and  as  no  references  were 
printed  with  the  text  to  any  of  the  illustrations,  some  doubts  may  exist 
m  regard  to  the  species  it  is  intended  to  represent;  but  from  the  fact  that 
it  agrees  well  with  the  description  of  a  shell  he  proposes  to  call  Amb^ 
eoelm  gemmula  on  page  41,  and  with  no  other  form  described  in  the 
memoir,  we  suppose  it  must  have  been  drawn  from  that  shell.  In  regard 
to  this  form,  however,  we  have  only  to  say,  that  reliable  authorities  both 
in  this  country  and  England,  including  Mr.  Davidson  of  London,  alter  a 
careful  examination  of  authentic  specimens  from  the  Illinois  localities, 
consider  it  the  common  Spirifer  Urei  Fleming.  If  future  comparisons, 
however,  should  show  it  to  be  distinct.  Prof.  McOhesney's  name  could 
not  stand,  since  Dr.  Shumard  had  proposed  for  it  the  name  Spirifer  plo^ 
noconvexuSy  in  1858;  see  Missouri  Geol.  Report,  page  202.  Figure  4, 
Spirifer  subventricoitiu  (subventrico^a  in  the  memoir),  seems  to  be  a  vari- 
ety of  tiie  same  shell  described  by  Prof.  Hall  in  1858,  under  the  name  S, 
opimus  (Iowa  Report,  p.  711),  judging  from  specimens  of  S.  opimtu  from 
the  Iowa  localities.  Figure  5,  Orthis  lUchmondi  McC,  was  described  by 
Meek  4s  Hayden,  from  the  Coal-measures  of  Kansas,  in  the  Proceed.  Acad. 
Nat.  Sci.  Philad.,  1858,  under  the  name  Ortkisina  crassa,  an4  subse- 
quently referred  by  them  to  the  genus  SireptorhynchuB^  to  which  it  prop- 
erly belongs.  Fig.  6,  Orthis  LascUlensis  McC.  is  almost  certainly  only  a 
variety  of  the  last  Upon  such  trivial  differences,  species  may  be  rniUti* 
plied  indefinitely  in  a  genus  like  this.  Fig  7,  Productus  asper  McC,  ^g.  8, 
P.  Wilberantu  McC,  and  fig.  9,  P.  Bymmetricus  McC,  are  all,  we  strongly 
suspect,  only  varieties  of  one  species,  apparently  very  closely  allied  to  the 
European  F,  icabriculua;  if  distinct  from  that  shell,  however,  Norwood 
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and  Prattefn'fl  name,  P.  Rogersii^  (Jour.  Phil.  Acad.  Sci.,  Aug.  1854) 
founded  upon  a  variety,  or  more  propeHy,  condition  <»f  tbe  same,  will 
bare  to  be  adopted.  Figures  II  and  12,  Froductus  tubulospinus  McC^ 
seems  scarcely  distinct  from  tbe  European  species,  P.  punctutus;  but  if 
different,  our  author's  name  cannot  be  retaineil  for  it,  since  it  was  figured 
by  Prof.  Shephard  in  this  Joirraal,  vol.  Kxxiv,  p.  153,  under  the  name 
P.  $efiiipunetatuSj  as  long  back  as  1836. 

In  regard  to  Plate  II,  we  would  merely  remark  that  figure  6,  BeUero- 
pK^n  Blaneyanus  McC.  seems  to  be  on^  a  variety  of  his  B.  vittatus. 
He  is  doubtless  correct,  however,  in  separating  these  forms  from  B.  Urn 
Fleming,  though  here,  again,  he  was  too  late  in  proposing  a  new  name, 
since  Mr.  Cox  oamed  this  sheH  B,  carbofMtrius  in  1667  (see  Kentucky 
Geol.  Report,  vol.iii,  p.  562).  His  figures  9,  10  and  18,  of  this  plate, 
representing  forms  he  calls  Leda  Knoxentis^  L,  Otoenii,  and  Z,  Bushensis^ 
have  more  the  form  of  the  genus  Yoldia,  If  they  are  true  Ledas,  how- 
ever, their  Barnes  must  be  written  NHcuhina  Knoxensis,  N,  Ruskensis 
and  N,  OtHnii^  since  the  name  Leda  is  only  a  synonym  of  the  older 
genus  Nuculana  Link,  1807.  Figure  12,  Nucula  Aferceretisis  McC,  has 
not  the  form  of  shells  of  that  gemis  as  restricted  by  modern  conchologtsta. 
Figures  14  and  15,  Naiica  Mtonefuis  llcG.  and  i\r.  Shumardi  McC.  are 
not  Naticas  at  all,  as  will  be  seen  at  a  glance,  but  belong  to  McCoy^s 
genus  NaticopslSy  and  hence,  if  new,  must  be  called  Naticopsit  Altonen^ 
$ii  and  Natieopns  Shumardi.  The  semis  I^atiea^  as  now  restricted,  is 
wholly  unknown  in  the  Paleozoic  ro^,  as  all  well  informed  paleontol- 
<Ma;ists  must  be  aware.  Figures  10  and  20,  Discina  trigonalis  McC.,  and 
3.  eapuliformis  McC.  are  doubtless  only  varieties  of  A  nilida  Phillips, 
which,  according  to  figures  given  by  Mr.  Davidson,  who  referred  speci- 
mens sent  from  the  Illinois  localities  to  that  species,  includes  a  wider 
range  of  varieties  than  the  two  forms  figured  by  our  author. 

We  pass  over  Plates  III  and  IV,  occupied  by  figures  of  shells  and 
criooids,  which,  so  far  as  we  know,  represent  good  species. 

On  Plate  V,  among  other  CrinoidH,  he  gives  (dft,  4)  an  excellent  rep- 
resentation of  a  noble  species  under  the  name  Forbe$ioerinu8  Pratteni^ 
which  shows  distinctly /our  basal  pieces,  supposed  by  our  author  to  be 
**  probably  an  accidental  feature."  It  is  unnecessary,  however,  to  inform 
any  one  who  has  given  the  Crinoids  more  than  a  superficial  study,  that 
this  is  a  typical  MelocrinuSf  and,  hence,  must  be  called  Mdocrimu 
PraiUnL 

Figure  1  of  Plate  VI  represents  his  Productus  inflattu^  which  may  be 
a  small  variety  of  P,  9emiretictUatu8,  supposing  that  shell  to  vary  to  the 
extent  represented  by  Mr.  Davidson.  Figures  8  and  9  of  this  plate  illus- 
trate his  Allori$ma  iinuata  and  A,  clavata.  In  the  explanations  of  the 
plate  he  writes  their  names  Allorisma  (Sanguinaria)  sinuate^  and  AUo^ 
ritma  (Sanguinaria)  clavata.  As  Sanguinaria  is  a  genus  of  plants,  the 
Professor  doubtless  intended  to  write  it  Sanguinoliles^  since  the  first  of 
these  two  species  seems  to  be  congeneric  with  some  of  the  forms  included 
in  the  latter  genus  by  McCoy. 

On  Plate  VII,  he  gives  (fig.  4)  NucuUie$  Vaseyanug,  which  is  un- 
doubtedly a  true  Leda^  or  more  properly  Nuculana,  and  should  be  called 
Hfuculana  Vaseyana.     The  ridge  he  mentions,  descending  from  the 
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beaks,  on  the  inner  side  of  the  valves,  is  a  common  feature  in  such  Car- 
boniferous species  as  Nuculana  bellistriata  {jzzLeda  bellistriata  of  Ste- 
vens). His  Nacida  rectangula,  of  the  same  plate,  is  more  probably  a 
I^uculiies, 

On  Plate  IX,  fig.  I  represents  bis  Pentanurus  hmnuaiuB^  which  is  ap- 

Sarently  only  a  variety  of  ihe  well  known  P.  oblongus.  On  the  same  plate, 
e  figures  a  shell  at  first  described  by  hitn  under  the  name  Ambonychia 
neylecta,  but  placed  by  him  now  in  the  genus  Fterinea,  It  has  not  the 
strong  anterior  muscular  scar,  nor  apparently  the  posterior  hinge  teeth  of 
Pterinea,  however,  and  until  the  characters  of  its  hiuge  can  be  clearly  de- 
termiued,  it  would  have  been  better  tu  leave  it  in  the  genus  Ambonychia, 

In  conclusion,  we  would  state  that  we  do  not  mean  to  assert  that  all 
the  species  described  in  this  memoir  are  spurious,  or  placed  in  wrong 
genera,  for  some  of  them  are  undoubtedly  distinct  from  all  previout^Iy 
described  forms,  and  have  been  properly  referred ;  while  the  descriptions 
are  generally  sufiScieutly  clear  to  enable  the  paleontologist,  by  the  aid  of 
the  figures,  to  identify  tlie  forms  described.  The  Muthor  also  deserve* 
credit  for  having  published  accurate  figures  of  most  of  the  species  pro- 
posed by  him,  aud  it  is  to  be  hoped  that  he  will  publish  figures  of  the 
others,  so  that  all  may  form  their  own  conclusions  as  to  which  of  them 
should  be  adopted,  and  which  arranged  in  the  lists  of  synonyms.  We 
must  confess,  however,  that  a  careful  study  of  his  memoir  has  not  lefl  a 
very  favorable  impression  in  regard  to  the  author's  powers  of  discrimina- 
tion, nor  of  bis  knowledge  of  the  literature  of  the  subject  upon  which  he 
has  essayed  to  write. 

2.  Mont  Alto  Lignite  and  Appalachian  JSronon ;  by  J.  P.  Lbslet. 
80  pp.,  8vo,  with  4  plates.  (From  tlie  Proc.  Amer.  Acad.  Sci.,  1864* 
pp.  463-482.) — ^Mr.  Lesley  here  describes  a  bed  of  lignite  found  recently 
in  Southern  Central  Pennsylvania.  He  regards  it  as  of  the  same  age 
with  the  lignite  of  Brandon,  Vermont,  described  by  Prof.  Hitchcock, 
but  not  connected  in  any  way  with  the  iron  ore  (limonite)  beds  with 
which  the  latter  associates  them.' 

Mr.  Lesley  enters  at  some  length  into  the  nature  and  origin  of  the 
ore-bed  formation  of  the  Atlantic  border,  and  the  position  of  the  lignite, 
from  which  we  cite  the  following : 

**  It  consists  everywhere  of  two  parts,  more  or  less  easily  distinguished ; 
the  one  stratified  in  the  same  sense  as  the  Silurian  limestones  themselves ; 
the  other  a  surface-wash  over  the  basset  edges  of  the  first  The  date  of 
the  formation  of  this  local  surface-wash  may  be  Tertiary,  and  perhapt 
Poet-tertiary.  The  stratified  portions  must  be,  as  to  their  stratificadon,  of 
Lower  Silurian  age;  while  the  metamorphism  which  they  have  undergone, 
fH  situ^  productive  of  stratified  clays  and  ores,  may  date  from  any  tims 
suheeguent  to  the  formation  of  a  eurface-topography  approximately  iden* 
ticaX  with  that  which  now  exists.  The  actual  change  of  the  original  Lower 
Silurian  calcoferriferous  sandstones  and  slates,  in  situ,  at  their  outcrops, 
into  limonite  clay  beds,  in  ipso  situ,  stratified  as  before,  but  charged  with 

'  These  limonite  beds  were  long  since  showD  br  Percival  to  be.  in  part  at  least, 
oiontrar^  to  the  views  of  Prof.  Hitchcock,  alterecT  beds  of  pjritiferoos,  micaceoos 
and  artfillaceoiis  schist  in  place.  (See  his  Report  (1842),  p.  182,  and  also  this  Jour- 
nal, [2J,  ii,  268,  1846.) 
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an  additional  percentage  of  the  oxjds  from  a  former  higher  surface  now 
eroded,  and  with  this  extra  charge  of  iron  and  manganese  carried  by  per* 
eolation  down  to  and  crystallized  against  their  foot  rock, — this  change 
may  have  required  an  immense  time  to  perfect,  and  no  doubt  was  going 
on,  pari  passu  with  the  degradation  of  tbe  surface  by  slow  erosion,  from 
higher  to  lower  levels,  until  it  stands  at  the  level  of  the  present  day, 

**The  brown-liematite  ore-deposits  of  Mont  Alto  follow  the  outcrop 
edges  of  the  slates  and  sandy  limestones  which  form  the  southeastern 
edge  of  the  valley.  The  ore  is  in  fact  nothing  but  the  residue  of  these  beds 
after  decomposition  and  dissolution,  the  honeycombed  and  altered  edges 
of  the  Silurian  slates  and  sand-limes  themselves,  after  their  lime  has  beien 
washed  out  of  them,  and  their  carbonated  and  sulphuretted  iron  has  beea 
hydrated  and  peroxydized.  The  muddy  slates  formed  the  present  deposits 
of  small  ore  with  white  and  red  clay.  The  sandy  limestones  formed  the 
present  harder,  siliceous,  rock-ore  belts.  The  geologist  can  procure,  in  the 
banks,  specimens  of  every  stage  of  this  interesting  process,  from  the  per- 
fect limestones  which  refused  to  disintegrate,  and  the  iron-lime-sandstone 
with  the  disintegration  and  reorystallization  begun,  to  the  perfect  ball 
and  pot  ore  of  radiated,  acicular,  crystallized  brown-hematite.  The  great 
variety  in  the  composition  of  the  original  rocks  has  been  the  cause  of  a 
great  diversity  in  the  ores  taken  from  the  different  openings.  But  two 
principal  distinctions  may  be  particularly  noticed;  viz:  that  the  ores 
which  have  resulted  from  the  decomposition  of  the  slates  are  more  dis- 
posed to  the  redskort  side,  whereas  the  ores  which  have  resulted  from  the 
decomposition  of  the  limestones  are  more  or  less  coldshort;  probably  be- 
cause of  the  sand  in  the  limestones;  it  is,  in  fact,  called  by  the  New  York 
geologists  the  Calciferous  sandrock.  The  slates,  on  the  contrary,  are  apt 
to  hold  a  small  percentage  of  sulphur ;  or  perhaps  we  should  say,  are  less 
likely  to  permit  the  abundant  drainage  needful  for  carrying  off  the  sal- 
phur  in  the  form  of  a  salt  Sometimes  in  the  same  deposit  there  is  a 
mixture  of  the  two  varieties,  producing  a  neutral  ore.  But  it  is  not 
often  that  such  large  exposures  of  both  varieties  occur  in  the  same 
neighborhood,  as  is  the  case  here. 

^  Taking  into  view  all  that  we  know  of  these  deposits  along  the  southeast 
side  of  the  Great  Valley  from  the  Hudson  river  to  Tennessee  and  Alabama, 
and  adding  what  we  know  of  similar  deposits,  produced  in  a  similar  way, 
out  of  the  exposed  outcrop  edges  of  the  same  rocks  in  the  limestone  val- 
leys fuKher  back  toward  the  Allegheny  Mountains  (such  as  Kishicoquillis, 
Nittany,  dec.),  and  deposits,  in  the  same  geological  positions  in  Lanoaster 
and  Chester  counties,  we  can  divide  them  with  ffreat  certainty,  as  stated 
above,  into  two  classes,  the  slate-crop  banks,  and  the  sand-lime-crop  banks^ 
the  former  being  always  geologically  underneath  the  latter.** 

Mr.  Lesley  also  describes  the  positions  of  the  lignite  beds,  and  refers 
them  to  the  Tertiary  age,  as  done  by  Lesquereux  (though  without  men- 
tioning the  paleontological  evidence  on  this  point  afforded  by  the  Mont 
Alto  lignite).  He  then  points  out  the  fact  that  these  beds  of  lignite  and 
limonite  indicate  that,  to  a  great  extent,  the  surface-erosion  of  the  Ap- 
palachian and  Green  Mountain  regions  antedates  the  Tertiary  period  of 
the  lignite.  He  also  refers  for  further  evidence  with  regard  to  early  ero- 
sion over  these  regions  to  the  New  Red  Sandstone  or  Triassico- Jurassic 
of  the  Atlantic  slope,  as  follows : — 
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**Th6  New  Red  is  seen  in  the  section  dipping  northward  against  or 
toward  a  country,  the  surface  of  which  is  three  hundred  feet  lower  than 
its  own.  There  i»  no  evidence  of  a  wide  extension  of  New  Red  over  that 
lower  surface  in  the  New  Red  age.  On  the  contrary,  not  a  hillock  or 
gravel  patch  of  New  Red  is  to  be  found  throughout  the  whole  Paleozoic 
country  to  the  north  or  west  of  this,  its  present  absurdly  constructed  over- 
hanging and  outdipping  margin.     How  is  this  to  be  accounted  for! 

*^  There  roust  have  been  some  barrier  to  the  New  Red  waters  between 
the  Schuylkill  and  the  Susquehanna,  to  correspond  with  the  barrier  which 
we  see  everywhere  else  between  the  Hudson  and  the  James.  Otherwise 
the  New  Red  waters  would  have  overflowed,  by  at  least  three  hundred 
feet,  the  Silurian  valley  in  its  rear,  and  penetrated  to  valleys  still  further 
back  by  means  of  the  principal  gaps  in  the  Kittatinny  mountains  through 
which  the  Schuylkill,  the  Swatara,  and  the  Susquehanna  rivers  flow, 
WJiat  was  this  barrier  ? 

'*  I  think  none  can  be  suggested  but  one  composed  of  the  originally 
mnch  more  elevated  surface  of  the  Silurian  valley  itself.  Carry  up  the 
whole  mean  level  of  the  Paleozoic  area — the  valley  beds  up  to  the  pres- 
ent height  of  the  mountains,  and  the  mountain  crests  to  a  proportionately 
greater  altitude,  the  gaps  to  correspond  with  both,  and  the  anticlinal  and 
synclinal  Mructure  to  determine  the  face  of  the  surface  at  any  given 
ttage  of  the  process, — and  we  have  the  required  barrier  to  the  estuary 
of  the  New  Red ;  the  explanation  of  its  top  Conglomerate ;  a  good  reason 
Tfhy  there  are  no  New  Red  traces  back  of  the  South  mountains ;  and  a 
closer  date  for  the  Lignite  of  Mont  Alto." 

Referring  to  a  plate  illustrating  the  paper,  he  says,  it  'M's  noticeable, 
1.  How  vast  an  amount  of  Paleozoic  rock-substance  has  been  swept  away ; 
and,  yet,  that  amount  represents  only  the  waste  of  the  four  lower  Paleo- 
Eoic  formations;  superposed  upon  these  at  a  still  older  date, eight  others, 
including  the  Coal-measures,  must  have  formed  their  surfaces ;  suppos- 
ing  no  cataclysm.  2.  How  fine  a  chance  was  given  for  collecting  toward 
the  present  sur&ce  the  ferruginous  elements  of  the 'slowly  decomposing 
and  cavernous-becoming  limestone  layers ;  and  8.  How  the  erosion  must 
have  acted,  for  some  reason  or  other,  more  upon  the  Paleozoic  surface 
outside,  than  upon  the  Paleozoic  surface  inside  the  limits  of  the  New  Red ; 
the  reason  probably  being,  simply  this  :  that  the  latter  was  under  the 
New  Red  waters,  and  was  being  covered  up,  while  the  other  was  being 
eroded ;  but  the  erosion  had  not  yet  brought  the  valley  surface  down  to 
the  New  Red  water-level,  when  tne  uplift  of  the  New  Red  took  place. 
After  which,  the  two  erosions  went  on  with  diflerent  velocities  propor- 
tional to  the  diflerent  solubilities,  Sec,,  of  the  Silurian  limestone,  and  of 
the  New  Red  sandstone,  formations. 

As  for  the  lignite,  therefore,  it  must  have  been  subsequent  to  the  ero- 
sion of  the  New  Red,  that  is,  certainly  not  older  than  the  Cretaceous  lig- 
nites of  the  United  States ;  and  when  we  consider  the  immense  lapse  of 
time  needful  for  carrying  the  Silurian  valley  surface  from  a  level  with  the 
tops  of  the  New  Red  Hills,  down  to  a  level  with  their  feet,  we  may  well 
believe  that  the  precise  condition  of  the  ore  deposits  as  we  see  it,  while 
it  commenced  before  New  Red  times,  was  not  perfected  until  the  latest 
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Tertiary  age,  and,  therefore,  this  last  mast  be  the  age  of  the  lignite — 
apart  from  all  consideration  of  fossils. 

3.  Eruption  of  Etna, — A  lettetby  Mr.  Fouqu6  in  '*Les  Mondes"  of  the 
6th  of  April,  contains  the  following:  At  half  past  10,  on  the  evening 
of  the  21st  of  January,  there  was  a  severe  earthquake,  and  immediately 
after,  the  eruption  commenced.  It  broke  out  on  the  northeast  side  of 
the  mountain  at  a  point  about  1700  meters  above  the  sea-lerel  and  500 
meters  from  the  foot  of  the  old  cone  of  Frumento.  In  two  or  three 
days  the  lava  had  flowed  on  6  kilometers  with  a  breadth  of  8  to  4,  and 
a  variable  thickness  sometimes  amounting  to  10  or  20  meters.  The  cra- 
ters are  seven  in  number.  Four  kinds  of  fumaroles  exist  there,  the  dry^ 
on  the  incandescent  lava ;  the  acid^  where  the  temperature  is  above  400^ 
C. ;  the  alkaline^  where  the  temperature  is  below  this,  but  mostly  above 
100^  C. ;  and  the  carbonic^  in  an  old  crater  near  by,  where  there  is  the 
ordioaiy  temperature.  There  was  a  remarkable  absence  of  sulphur  and 
all  its  compounds,  its  odor  being  not  perceptible  over  the  lavas,  and  paper 
containing  acetate  of  lead  not  being  blackened  by  the  fumes.  The  mu- 
riate of  ammonia  was  detected  in  the  ooc/  fumaroles,  and  even  in  the 
</ry,  (although  in  these  in  but  small  quantity),  as  well  as  in  the  alkaline. 
The  four  lower  craters  detonated  differently  from  the  three  others.  The 
detonations  of  the  latter  were  two  or  three  per  minute,  and  resembled 
thunder,  those  of  the  former  were  a  continuous  series,  too  rapid  to  be 
counted,  comparable  to  the  blows  of  a  hammer  on  an  anvil. — LeB  Monda^ 
April  6. 

4.  Volcano  of  Kilauea. — As  all  information  relating  to  Eilanea  will 
be  read  with  interest,  we  insert  the  following  received  from  Mr.  Coan. 

**  The  submerging  and  uprising  of  the  island  in  the  boiling  cauklron  of 
the  crater,  is  a  rare  and  grand  spectacle.  The  same  phenomenon  occur- 
red in  June  last,  with  this  difference,  that  the  island  disappeared  entirely 
for  several  days,  but  was  gradually  restored  by  the  spoutiug  liquid  lava. 

**I  was  at  Kilauea  on  the  9th  and  10th  inst  There  was  much  action 
in  the  great  cauldron  ^*  Halemaumau."  The  lavas  were  boiling  with  vehe- 
mence, as  if  preparing  for  action.  Besides  this  raging  lake,  1  saw  seven 
other  fires  at  different  points  in  the  crater.  One  lake  was  boiling  moat 
intensely,  about  a  mile  from  the  fountain-lake  in  a  northwesterly  direc- 
tion. The  natives  told  mo  that,  a  day  or  two  previous  to  my  arrival  at 
Kilauea,  a  jagged  cone,  of  the  size  of  a  church,  and  forming  an  elevated 
island  near  the  center  of  the  igneous  lake,  became  so  undermined  by  the 
intense  boiling  of  the  lavas  along  its  apparent  base,  that  it  fell  over, 
and  was  submerged  in  the  fiery  abyss ;  but  that,  after  a  little  time,  it 
roee  again,  like  a  whale  from  the  deep,  and  shook  cataracts  of  molten 
minerals  from  its  burning  brow.  In  visiting  a  Pulu  station  on  the  high- 
lands, some  fifteen  miles  from  Kilauea,  I  passed  many  large  pit  and  cone 
craters,  most  of  them  ancient  and  densely  wooded,  from  300  to  800  feet 
in  height  and  depth.  I  spent  a  night  near  a  beautiful  pit-crater  called 
NapaUy  nearly  circular,  about  300  feet  deep,  a  mile,  perhaps,  in  diame- 
ter, and  with  a  bottom  of  sand,  so  smooth  and  bard  that  a  regiment  of 
cavalry  might  be  reviewed  there.  One-eighth  of  a  mile  from  this  crater, 
fissures  are  opened  in  the  earth,  out  of  which  scalding  steam  and  smoke 
have  issued  from  time  immemorial,  and  affording  heat  enough  to  cook 
for  an  army." — Honolulu  Commercial  Advertiser y  Dec.  10,  1864. 
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5.  Addition  to  Prof,  Shepard'a  Notes  on  the  minerals  of  the  Emsry 
mine  at  Chester^  Mase,^  ^see  p.  1 1 2) ;  by  the  Author. — I  have  just  found 
the  diaspore  at  Chester,  in  broad,  nearly  transparent  white  laroinse,  with 
a  structure  like  that  of  kjanite,  also  of  a  most  delicate  violet  color,  deeper 
than  that  of  Chemnitz. 

White  massive  corundum,  in  veins  half  an  inch  thick,  occurs  travers- 
ing the  massive  emery.  The  latter  mineral  at  Chester  is  exceedingly 
uniform  in  composition,  and  may  be  regarded  as  an  aluminate  of  protoxyd 
of  iron,  ta^l 

A  vein  of  Indianite,  many  inches  thick,  is  found  near  the  tunnel  on 
South  mountain,  running  for  many  rods  through  the  chloritic  rock  on  the 
east  side  of  the  emery-vein  (exterior  to  its  gneissoid  wall).  This  chloritic 
seam  is  called  by  the  workmen  ^*  ike  fringe-rock.^^  Small  particles  of 
crystalline  corundum  are  diffused  through  the  Indianite. 

Masonite  (the  variety  near  to  ottrelite)  is  also  abundant  at  many  places 
in  the  emery- vein  on  the  North  mountain.  Brookite  rarely  attends  the 
diaspore  and  corundophilite. 

I  would  also  add  that  emery  occurs  in  fine  grains  widely  diffused 
throughout  the  talcose  rock  which  is  the  contiguous  formation  of  the 
emery  on  its  eastern  side.  Indeed  I  regard  this  as  the  parent  rock  of  the 
emery,  out  of  which  it  was  deposited  (when  the  strata  were  horizontal), 
just  as  the  emery  of  the  Grecian  archipelago  and  Turkey  was  segregated 
in  fine  limestone. 
Amherst.  Mass.,  Jaoe  28. 18S5. 

6.  Geological  Map  of  Russia, — An  excellent  geological  map  of  Russia 
containing  the  most  recent  discoveries  up  to  the  date  of  publication  was 
prepared  by  Mr.  H.  Helmersen  and  issued  in  1868.  It  presents  by  colors 
the  distribution  of  the  formations  over  European  Russia  and  the  Urals, 
and  the  adjoining  countries  to  and  beyond  the  Aral  sea  of  the  east,  Con- 
stantinople on  the  south,  and  Stockholm  and  Cracow  on  the  west.  The 
lettering  upon  it  is  wholly  in  Russian ;  and  as  it  may  prove  convenient 
to  some  persons  ordering  the  map,  we  here  give  the  English  names  of 
the  formations  corresponding  to  the  several  numbers:  1,  Alluvium.;  2 
and  3,  Pliocene,  2,  newer  Caspian,  3,  ancient  Caspian;  4,  Miocene;  5, 
Eocene;  6,  Cretaceous ;  7,  Jurassic;  8,  Triassic;  9,  Permian  ;  10,  Car* 
boniferous;  11,  Devonian;  12,  Silurian;  1 8,  Metamorphio  schists ;  14, 
Granite  and  gneiss ;  15,  Eruptive  rocks.  The  lines,  unbroken  and  dotted, 
stand  for  railroads ;  and  the  black  dots  for  coal  beds.  The  geology  of 
the  region  betMreen  the  Black  Sea  and  Caspian  is  by  the  geologist,  Abich, 
and  has  a  separate  numbering  and  coloring :  a.  Pliocene ;  h^  Miocene ; 
r.  Eocene ;  rf.  Cretaceous ;  tf,  Jurassic  and  Triassic ;  /,  Carboniferous  lime- 
stone and  Devonian ;  ^,  Metamorphic  schists ;  ^,  Granite  and  Protogine ; 
i.  Eruptive  rocks,  not  volcanic ;  k,  Volcanic  rocks ;  N.,  naphtha  springs, 
solfataras,  mud  volcanoes.  The  map  is  accompanied  by  a  pamphlet  de- 
scriptive of  the  formations. 

7.  On  the  Changes  rendered  necessary  in  the  Geological  Map  of  South 
Africa,  by  recent  Discoveries  of  Fossils  ;  by  Dr.  R.  N.  Rubidgb,  (Proc. 
Geol.  Soc.) — Dr.  Rubidge  first  called  attention  to  a  former  paper,  in  which 
he  pointed  out  the  occurrence  of  horizontal  beds  of  sandstone  resting  on  the 
upturned  edges  of  gneiss,  and  continuofus  with  inclined  sandstone  of  like 
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kind,  interstratified  with  gneiss.  He  therefore  conjectured  that  the  Claj« 
slate  and  Bokkeveldt  schist,  which  Bain  considered  distinct,  belonged  to 
one  formation,  that  they  are  of  the  same  age  as  the  gneiss,  and  that  the 
**  Carboniferous  rocks"  of  the  Eastern  province  were  not  separable  from 
the  clay-slate,  which  Mr.  Bain  had  called  primitive  clay-slate.  It  follows 
from  this  that  if  the  clay-slate  proved  Devonian,  as  Mr.  Rubidge  believed 
it  would,  the  horizontal  quartzite  must  be  much  newer,  and  probably 
an  outlying  mass  of  the  Dicynodon  rocks.  He  explained  these  phenom- 
ena by  supposing  that  rocks  of  widely  different  ages  bad  been  metamor- 
phosed into  masses  having  the  same  mineralogical  characters.  The  dis- 
covery of  certain  fossils  has  lately  verified  the  conjecture  respecting  the 
Devonian  age  of  the  clay-slates  and  Bokkeveldt  rocks ;  and  Dr.  Rubidge 
therefore  infers  that  the  rest  of  the  old  rocks  are  of  the  same  age.  Fi- 
nally, the  discovery  of  a  Oalamite  in  the  sandstone,  not  unlike  some 
specimens  belonging  to  the  same  genus  found  in  the  Dicynodon  rocks, 
renders  the  probability  of  the  truth  of  the  second  conjecture  very  great. — 
Beadefy  May  20. 

8.  AnthrakerpetiMy  a  new  Carboniferous  Beptile, — Prot  Owen  has 
described  a  fossil  reptile  from  the  Coal-beds  of  Llantrissent  in  Glamor- 
ganshire, Wales.  It  comes  from  the  lower  part  of  the  ''Middle"  if  not 
Uie  upper  part  of  the  ''Lower"  Coal-measures.  The  species  is  interme- 
diate in  size  between  the  Bapketes  and  Dendrerpeton ;  the  ribs  are 
longer  than  in  any  known  Labyrinthodont,  and  these  and  the  limb  bones 
indicate  that  the  animal  belonged  to  "  that  law  air-breathing  type  which, 
with  developmental  condition  of  the  bones  like  those  in  some  fishes,  and 
very  common  in  Devonian,  showed  forms  of  the  skeleton  more  like  thoee 
in  Saurian  reptiles,  than  in  the  modern  air-breathing  Batrachians." — 
Reader^  Jan.  7. 

9.  Mineral  wealik  of  MexlcQ, — Baron  db  Mornbr,  a  Swedish  man  of 
science,  is  reported  to  have  found  a  bed  of  anthracite  of  excellent  quality 
in  the  district  of  Guerrero,  Mexica  Already  a  deposit  of  bitumen  and 
of  two  beds  of  -coal  are  under  exploration  in  the  district  of  Iturbide,  be- 
sides a  source  of  petroleum  near  Tenancingo,  and  a  vein  of  cinnabar  at 
Sultepec  Two  Frenchmen,  MM.  Favre  and  Gabriel,  are  about  to  under- 
take the  working  of  the  iron  ore  of  the  district  of  Chaloo,  where  rail- 
roads are  being  rapidly  built — Les  Mondex,  March  23. 

10.  Gneiss  with  ike  impression  of  an  Equiseitun, — ^The  museum  at 
Turin  <;ontains  a  fragment  of  gneiss  from  an  erratic  block,  derived  appar- 
ently ^om  the  ValteLine,  from  the  mass  of  crystalline  rocks  of  that  re- 
gion which  underlie  die  Infraliassio  group  of  Sismonda.  Mr.  Sismonda 
regards  the  fossil  as  proof  of  the  metamorphic  character  of  the  funda- 
mental gneiss  of  the  AJps,  and  as  afifording  a  fact  bearing  on  the  age  of 
the  vegetable  impressions  accompanying  the  anthracitiferous  beds  of  the 
Western  Alps. — Les  Mondes,  March  23,  p.  '582. 

11.  Kalicine, — H.  St.  Clairb  Dsvillx  thus  names  bicarbonate x>f  pot- 
ash, of  the  same  composition  with  that  of  the  arts,  found  native  at 
Ohypis  in  Yalais.  An  analysis  afforded  carbonic  acid  42*2,  potash  46*6, 
carbonate  of  lime  2*5,  carbonate  of  magnesia  1*84,  sand  and  organic 
xnalters  86Q,  water  17*76,  corresponding  to  .the  formula  KO^CO^+nO. 
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12.  Geoloffical  Exeurnon. — Mr.  Frank  H.  Bradley,  a  member  of  the 
Zoological  and  Paleontological  Department  of  the  Sheffield  Scientific 
School,  proposes  to  take  charge  of  a  few  students,  for  the  purpose  of 
giving  a  practical  introduction  to  geology,  during  a  trip  of  about  four 
weeks  through  the  State  of  New  York. 

He  will  meet  bis  class  at  Burlington,  Vt,  on  Monday,  July  Slst,  and 
commence  work  on  the  following  morning  at  Port  Kent  on  the  opposite 
tide  of  the  lake. 

The  trip  will  include  visits  to  some  of  the  fine  scenery  for  which  New 
York  is  famous,  as  well  as  to  characteristic  and  productive  localities  of 
nearly  all  the  formations  from  the  Potsdam  sandstone  to  the  Chemung 
group,  for  whose  examination,  within  a  small  extent  of  country,  the  State 
affords  the  best  opportunity  in  America,  if  not  in  the  world. 

For  some  years  past  Mr.  Bradley  has  been  engaged  in  the  study  of 
the  New  York  rocks  and  fossils,  and  has  made  quite  extensive  coUectiona 
therefrom.     We  recommend  him  for  the  charge  which  he  undertakes. 

Mr.  B.  informs  us  that  the  expenses  while  with  him  need  not  exceed 
one  hundred  dollars  besides  his  fee  of  thirty  dollars. 

Communications  addressed  to  him  at  New  Haven  vill  be  received  at 
4ate  as  July  25th. 

III.   BOTANY  AND  ZOOLOGY, 

1.  j[%waites,  Enumeratio  Plantarum  Zeylanice ;  an  Enumeration  of 
4Jeylon  Plants,  etc,  is  now  completed  with  the  publication  of  part  5.  It 
/orms  an  octavo  volume  of  483  pages,  and  is  the  only  separate  work  of 
any.  consequence  upon  the  botany  of  Ceylon  since  the  publication  of  the 
"Flora  Zeylanica"  of  Linnaeus  and  the  "Thesaurus  Zeylanicus"  of  Bur- 
mann.  In  the  preface,  when  referring  to  the  changes  which  are  occur- 
ring in  the  vegetation  of  the  island,  through  man's  direct  or  indirect 
agency,  Mr.  Thwaites  records  the  following  interesting  fact.  "The  obtru- 
•ive  character,  too,  of  a  plant  brought  to  the  island,  about  fo.rty  yean 
ago,  is  also  helping  to  alter  the  character  of  the  vegetation  up  to  an  ele- 
vation of  3000  feet.  The  plant  alluded  to  is  the  Lantana  mixta^  Linn.^ 
which  appears  to  have  found  in  Ceylon  a  soil  and  climate  exactly  suited 
to  its  growth  ;  for  it  now  covers  thousands  of  acres  with  its  dense  masses 
of  foliage,  tidcing  complete  possession  of  land  where  cultivation  has  been 
n^lected  or  abandoned,  preventing  the  growth  of  any  other  plants,  and 
even  destroying  small  trees,  the  tops  of  which  its  subscandent  stems  are 
able  to  reach.  The  fruit  of  this  plant  is  so  acceptable  to  frugivoroua 
birds  of  all  kinds,  that  through  their  instrumentality  it  is  spreading  rap- 
idly, to  the  complete  exclusion,  in  spots  where  it  becomes  established,  of 
the  indigenous  vegetation."  Dr.  Hooker  has  found  time  to  render  hit 
invaluable  aid  in  the  identification  of  the  species  and  synonymy,  and  in 
superintending  the  publication  at  London,  Mr.  Thwaites  remaining  at  his 
post  in  Ceylon.  a.  o. 

2.  Flora  Capensis  ;  by  Drs.  Harvey  and  Sondkr. — The  third  volume 
of  this  standard  work,  comprising  the  Monopetalous  Orders  from  Bubi- 
aeecB  to  CampanulacecB  inclusive,  was  issued  early  in  the  present  year,  the 
preface  bearing  date,  Feb.  24.    Nearly  five-sixths  of  the  630  pages  Jot 


Digitized  by  VjOOQ IC 


126  Scientific  Intelligence. 

this  volume,  are  devoted  to  the  order  CompontcBy  which  is  elaborated  by 
Profl  Harvey.  Aster  is  here  pretty  largely  represented,  the  genus  being, 
as  might  be  expected,  brought  back  almost  to  its  original  limits  by  the 
aupjpression  of  i^elicia^  Agatkcfa^  Munychia^  and  Bellidiattrum,  as  well 
as  Tripolium,  (There  ought  now,  therefore,  to  be  no  question  about  the 
admissibility  of  the  Polynesian  Ag&tea  of  the  Violet  Family,  which  has 
been  thought  to  be  in  pronunciation  too  like  Agathce^a,)  The  price  of 
the  volume  has  been  raised  from  twelve  to  eighteen  shillings,  which  is 
atill  very  reasonable.  a.  o. 

8.  Thesaurus  Capensis^  by  Prof.  Harvbt,  the  excellent  companion  of 
the  above  Flora,  has  reached  the  two-hundredth  plate,  completing  the 
aecotid  volume.  The  most  interesting  plant  figured  in  the  last  fasciculus 
is  Hydnora  triceps^  illustrated  upon  a  double  plate.  a.  g. 

4.  Ammdbroma  Sanorcs  (literally,  the  Sand-food  of  Sonora)  is  the 
name  of  an  extraordinary  root-parasitic  plant,  of  the  region  at  the  head 
of  the  Gulf  of  California,  which  Dr.  Torrey  has  just  described  and  figured 
in  the  8th  volume  of  the  Annals  of  the  Lyceum  of  Natural  History,  New- 
York.  It  has  been  briefly  noticed  before  (but  never  fully  characterised) 
as  a  new  genus,  allied  to  the  rare  Mexican  Corallophyllum  of  Eunth 
(or  Lennoa,  Lexarza),  and  still  more  to  the  Californian  and  hardly  better- 
known  Pholisma  of  Nuttal.  It  hardly  throws  any  new  light  upon  the 
aflinity  of  these  strange  plants,  which,  though  justly  thought  to  he  rather 
Monotropaceous  than  Orobanchaceous,  are  still  obscure.  This  plant, 
growing  in  a  forlorn  sandy  desert,  almost  covered  by  the  sand  in  which 
It  lives,  was  found  by  its  discoverer,  the  late  Col.  A.  B.  Gray,  to  form  a 
considerable  part  of  the  sustenance  of  the  Papigos  Indians  of  the  dis- 
trict, and  is  said  to  be  very  luscious  when  first  gathered  and  cooked,  re- 
sembling in  taste  the  sweet  potato,  only  far  more  delicate.  a.  g. 

5.  Annates  Botanices  SystsmatiecSy  tom.  YL — With  the  fourth  volunie» 
Dr.  Walpers  having  deceased,  the  editorship  of  this  work  passed  into  the 
hands  of  Dr.  Carl  Mtiller  of  Berlin ;  and  fascicle  7  of  the  sixth  volume, 
just  issued,  concludes  the  enumeration  of  the  Phanerogamous  species 
published  from  1651  to  1855  inclusive,  and  carries  down  to  the  letter  C 
the  alphabetical  index  of  these  three  volumes.  The  remainder  of  the 
index  will  occupy  fasc  8  of  this  bulky  volume,  which  began  to  be  issued 
in  1861.  The  accumulation  of  species  published  within  the  last  10  years 
(since  1855)  is  perhaps  equally  large;  and,  if  treated  in  the  same  way, 
their  enumeration  may  be  completed  in  the  year  1875.  It  is  to  be  re- 
gretted that  the  compacter  plan,  adopted  in  the  earlier  volumes  of  the 
series,  was  not  adhered  to.  a.  g. 

6.  The  Production  of  Organisms  in  closed  vessels, — As  appears  from 
an  abstract  in  the  Reader  of  May  20,  a  paper  by  George  Child,  M.D^ 
in  continuation  of  a  former  communication,  was  read  before  the  Royal 
Society,  April  27.  Dr.  Child^s  experiments  were  similar  to  the  earlier 
ones  of  Prof.  Wyman,  and  reach  the  same  results,  viz.  that  Bacterians 
are  produced  '*  exactly  under  the  circumstances  in  which  M.  Pasteur  as- 
serts that  they  do  not  exist"  And  he  accounts  for  the  discrepancy  thus. 
^*M.  Pasteur,  in  his  memoir,  speaks  of  examining  his  substances  with  a 
power  of  350  diameters.  Now  my  experience  throughout  has  been,  that 
it  is  impossible  to  recognize  these  minute  objects,  with  any  degree  of  cer- 
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taiuty,  eren  with  double  that  magnifying  power.  When  onoe  their  ex- 
istence on  a  slide  is  shown  with  a  power  of  1500  to  1700  diameters,  it  is 
quite  possible  afterward  to  recognize  the  same  object  with  a  power  of 
750,"  &c  He  continues :  *^  I  can  now  have  no  doubt  of  the  fact  that 
^bacterians' can  be  produced  in  hermetically  sealed  vessels,  containing 
an  infusion  of  organic  matter,  whether  animal  or  vegetable,  though  sup- 
plied only  with  air  passed  through  a  red-hot  tube,  with  all  necessary  pre- 
cautions for  ensuring  the  thorough  heating  of  every  portion  of  it,  and 
though  the  infusion  itself  be  thoroughly  boiled.  *  *  *  ««It  seems  clear 
that  either  (1)  the  germs  of  Bacterium  are  capable  of  resisting  the  boiling 
temperature  in  a  fluid,  or  (2)  that  they  are  spontaneously  generated,  or 
(3)  that  they  are  not  *  organisms '  at  all.  I  was  myself  somewhat  inclined 
to  the  latter  belief  concerning  them  at  one  time ;  but  some  researches  in 
which  I  am  now  engaged  have  gone  far  to  convince  me  that  they  are 
really  minute  vegetable  forms.  The  choice,  therefore,  seems  to  remain 
between  the  other  two  conclusions.  Upon  these  I  will  not  venture  a 
positive  opinion,  but  remark  only,  that  if  it  be  true  that  'germs'  can  re- 
sist the  boiling  temperature  in  fluid,  then  both  parties  in  the  controversy 
are  working  upon  a  false  principle,  and  neither  M.  Pouchet  nor  M.  Pas- 
teur is  likely  at  present  to  solve  the  problem  of  spontaneous  generation." 
The  decided  conclusion  as  to  the  organic  character  of  these  Bacteriums 
was  reached  through  an  examination  of  them  by  the  -^  object-glass  re- 
cently constructed  by  Messrs.  Powell  and  Lealand.  a.  o. 

7.  On  ike  absorption  and  assimilation  of  carbonic  acid  by  plants. — 
Mr.  BoussiNOAULT  has  recently  made  some  experiments  on  the  absorp- 
tion and  assimilation  of  carbonic  acid  by  leaves  exposed  to  sunlight. 
His  results  are  thus  summed  up :  1.  Leaves  exposed  to  the  sun  in  pure 
carbonic  acid  do  not  decompose  this  gas,  or  if  they  do,  it  is  with  exces- 
sive slowness.  2.  Leaves  exposed  in  a  mixture  of  carbonic  acid  and 
atmospheric  air  rapidly  decompose  the  former  gas.  Oxygen  does  not  > 
seem  to  interfere  in  the  phenomenon.  3.  Carbonic  acid  is  rapidly  de- 
composed by  leaves  when  that  gas  is  mixed  with  either  hydrogen  or 
nitrogen.  The  author  has  pointed  out  some  analogies  of  these  phenomena 
with  the  slow  combustion  of  phosphorus  under  certain  circumstances. 
Thus  phosphorus  placed  in  pure  oxygen  does  not  become  luminous,  and 
dees  not  burn,  or  if  it  does,  burns  with  excessive  slowness.  In  a  mixture 
of  oxygen  and  atmospheric  air,  however,  phosphorus  burns  rapidly;  it 
also  burns  when  placed  in  oxygen  mixed  with  hydrogen,  nitrogen,  or 
carbonic  acid.  Phosphorus,  which  does  not  bum  in  pure  oxygen  at  an 
ordinary  pressure,  becomes  combustible  when  the  gas  is  rarefied ;  and 
Mr.  Boussingault  found  that,  similarly,  a  leaf  placed  in  rarefied  pure  car- 
bonic acid  decomposed  the  gas  and  evolved  oxygen. — Reader^  May  27. 

8.  Classification  of  Polyps;  by  A.  E.  Verrill. — The  following  sub- 
divisions of  the  class  of  Polyps  have  been  proposed  by  Prof.  Verrill,  in 
the  Proceedings  of  the  Essex  Institute,  vol.  iv,  p.  146. 

Order  I.  Madreporaria. — Polyps  simple  or  compound  with  embry- 
onic or  rudimentary  basal  or  abactinal  re^on,  which  has  no  special  func- 
tion unless  for  vegetative  attachment  while  young.  Actinal  area  well 
developed,  form  broadly  expandeel^  having  a  tendency  in  the  higher 
groups  to  become  narrowed  toward  the  mouth.    Tentacles  simple,  coni- 
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cal.  Dermal  tissues,  and  usually  the  radiating  lamellse,  depositing  solid 
coral ;  the  radiating  plates  being  between  the  lamellae,  are,  therefore, 
ambulacral,  and  appear  to  originate  from  the  surfaces  of  the  lamellse  and 
the  connective  tissues  extending  across  the  ambulacral  chambers  and 
filling  them  from  below.     Interambulacral  spaces  distinct. 

Suborder  I.  Stauracea  (Madreporaria  rugosa  *). — Coral  simple,  or  compound  bj 
budding;  chiefly  epidermal  and  cndothecal ;  septa  apparently  in  multiple  of  four, 
sometimes  wanting.    Type  embryonic,  like  a  young  Astnea  or  Fungia. 

^aym/t09— Stauridse,  Cyathopbyllidie,  Cyatbaxonidte,  Cyetipbyllidse. 

Suborder  II.  Fungacea. — Polyps  either  simple  or  componnd  by  marginal  or  disk 
budding,  rarely  by  iiasiparity.  Tentacles  numerous,  in  multiples  of  six,  imperfectly 
developed,  scattered  on  the  actinal  surface,  URually  short  and  lobe-like.  Upper  part 
of  polyps  scarcely  exsert.  Coral  bruad  and  low,  growth  mostly  centrifugal,  tissue 
chiefly  septal;  walls  imperfectly  developed,  often  perforate,  subordinate,  usually 
formine:  the  basal  attachment. 

i^ami/itf*— Cyclolitidee,  Lophoseridse,  FungidsB,  Merulinida. 

Suborder  III.  Astraacea.—YoXyxm  mostly  compound,  either  by  fissiparity  or  Tm- 
rious  modes  of  budding.  Tentacles  usually  well  developed,  long,  subcylmdrical, 
limited  in  number,  in  multiples  of  six  encircling  the  disk.  Coral  mural,  septal  and 
endothecal ;  growth  vertical  and  centrifugal,  producing  turbinated  forms  which  are 
often  elongated. 

^am;7teA-^LithophyIlid8e,  Mffiandrinidse,  Eusmilidffi,  Caryopbyllidse,  Stylinidis, 
Astrsinee,  Oculiniu^,  Stylophoridse. 

Suborder  IV,  Madreporacea  {Af(idreporariaperforata).'^TeniBc\eB  in  definite  num- 
bers, twelve  or  more,  well  developeo,  encircling  the  narrow  disk,  therefore  nearer 
the  mouth;  polyps  with  the  upper  portion  much  exsert,  flexile;  growth  chiefly  ver- 
tical ;  coral  mural  and  septal,  porous.  Polyps  compound  by  budding,  sometunef 
siniple. 

^ami/t««-*-Eup8ammidfiB,  Gemmiporidse,  Poritidse,  Madreporidte. 

Order  II.  Actinaria. — Polyps  with  well  developed,  often  highly 
specialized,  basal  or  abactinal  region.  Walls  well  developed,  tentacles 
longer,  more  concentrated  around  the  mouth,  which  is  also,  usually,  if 
not  always,  furnished  with  special  tentacular  lobes  or  folds.  Ambulacral 
spaces  always  open,  destitute  of  connecting  tissues  and  solid  deposits. 

Suborder  L  Zoanihaeea.-^'Po\ji»  encrustine,  adherent,  budding  from  mural  ex- 
pansions ;  tentacles  simple,  short,  at  edge  of  disk. 
Fatniliea — Zoanthidte,  Bergidse. 

Suborder  II.  Antipathacea. — Polyps  connected  by  a  ccBnenchyma,  secreting  a 
solid  sclerobase  or  coral  axis.     Tentacles  few,  six  to  twenty-four,  simple,  cooicaL 
FamiHea— Aniipathidsdf  Gerardidse. 

'  This  group  is  placed  here  with  considerable  hesitation,  and  principally  on  ac- 
count of  the  close  resemblance  in  structure  to  the  young  of  the  succeeding  and 
higher  groups,  when  they  first  begin  to  form  a  coral,  which  then  consists  of  a  ring 
of  epitheca  or  epidermal  deposit  with  a  few,  imperfect,  rugose  septa  radiating  from 
the  center.  If  the  number  four  be  a  constant  feature  of  the  arrangement  of  their 
septa,  it  is  possible  that  they  may  be  entitled  to  rank  as  a  separate  order  of  Polypt. 
To  this  opinion  Prof  J.  D.  Dana  inclines.  Prof.  Agassiz  unites  the  group  with  Hy- 
droid  Acalephs,  on  account  of  their  resemblance,  in  some  features,  to  the  Tabulaia, 
It  seems  to  me.  however,  that  the  absence  of  transverse  plates  in  Cyathaxonida 
and  CtfvtiphyllitUe  and  the  perfection  of  the  vertical  septa  in  Siaurida^  Cyaihaxo' 
nida  and  some  of  the  Oyathophyllida,  together  with  their  general  structure,  shows 
them  to  be  more  closely  allied  to  the  Fungacea  and  Aitraaeea^  of  which  they  may 
be  considered  embryonic  types,  while  at  the  same  time  the  group  is  a  synthetic 
one,  having  analogies  with  nearly  all  the  higher  groups  of  Polyps,  and  also,  in  i 
respects,  with  Hydroids. 
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Suborder  III.  ^c^tftoMa.— Poljpe  free,  capable  of  locomotion,  with  a  highly  spa- 
dalized,  muscular  base  or  abactiual  area.  TeDtdcles  well  organized,  either  dmple 
or  braoclied,  varying  from  ten  to  many  hundreds,  often  with  accessory  organs  aris- 
ing from  the  same  spheromeres,  such  as  inner  tentacles,  verruca,  complicated  or 
simple  branchial  lobes,  cinclldie,  eye-spherules,  suckers,  etc  Mouth  with  special 
lobes  or  folda  Most  of  the  species  are  simple,  a  few  are  compound  by  fissiparity, 
many  abnormally  bud  from  tne  wall  near  tiie  base,  a  few  secrete  from  the  base  a 
horn-like  deposit  similar  to  the  axis  of  Antipnthes. 

Families — Actinidse,  Thalassianthldse,  Minyidie,  Ilyanthidie,  CerianthidsB. 

Order  III.  Alotonaria. — Polyps  with  well  developed  actinal,  mu- 
ral, and  abactinal  regions,  compound  by  budding.  Tentacles  eight,  pin- 
nately  lobed,  long,  encircling  a  narrow  disk.  No  interambuiacral  spaces. 
Ambulacral  ones  open  and  wide.        . 

StAorder  I,  Alcyonacea. — Polyps  turbinate  at  base,  budding  in  Tarious  ways,  en- 
crusting, adherent  to  foreign  bodies  by  the  ccenenchyma. 

Familie* — Alcyonidc,  Xenidss,  Comularidse,  Tubiporids. 

Suborder  II.  Gorgonacea. — Polyps  cylindrical,  short,  connected  by  a  cosnenchy- 
ma,  secreting  a  central  supporting  axis. 

J^amt/t><---Gk>rgonidffi,  Plexauridse,  Primnoidse,  Qorginellidse,  Isidie,  Corallids, 
Briaridse. 

Suborder  HI.  Pennaiulacea. — Polyps  forming  free,  moving  colonies,  the  compo- 
site basal  portion  with  locomotive  functions  and  spedal  cavities,  with  or  without  a 
•olid  free  axis. 

Families — Pennatulidie,  Pavonaridse,  Yeretillidse,  Renillidee. 

9.  Embryology  of  the  Star  Fuh  ;  by  Alexander  Aoassiz.  70  pp. 
4to,  with  8  lithographic  plates,  from  fol.  v,  of  Prof.  Agassiz's  Contribu- 
tions to  the  Natural  History  of  the  United  States. — The  microscopic  re- 
searches here  described,  and  very  beautifully  displayed  on  the  eiffht 
plates,  relate  mainly  to  the  ABteraeanOieon  berylinus  Ag.,  and  A.  palliaui. 
The  author  closes  with  the  following  important  observations  on  the  Badi- 
ate  type^  and  its  relation  to  the  apparent  bilaterality  in  the  larval  Echino- 
derm. 

^  From  what  has  been  said,  it  is  evident  that  the  plan  of  radiation  un- 
derlies this  apparent  bilaterality  of  the  Brachiolaria,  and  of  the  Pluteus. 
The  throwing  of  the  whole  of  the  stomach  and  the  alimentary  canal  on 
one  side,  the  complicated  system  of  arms  arranged  with  perfect  symmetry 
on  each  side  of  the  axis,  passing  through  the  mouth  and  the  anus,  does 
not  change,  though  it  partially  conceals,  the  radiate  plan.  We  have  Ho- 
lothnrians  which  always  creep  upon  three  of  their  ambulacra,  where  a 
dorsal  and  a  ventral  side,  an  anterior  and  a  posterior  region,  are  subordi- 
nate to  the  plan  of  radiation  ;  and  the  same  takes  place  to  a  less  extent 
in  Spatangoids.  Among  Polyps  even,  which  are,  as  it  were,  the  simplest 
type  of  radiate  animals,  an  anterior  and  posterior  region  are  strikingly 
shown  in  the  case  of  Arachnactis.  The  additional  spheromeres  are  all 
added  at  one  extremity  of  the  mouth-slit,  and  yet  the  Actinia  is  made  up 
of  radiating  spheromeres.  The  earliest  stages  of  the  larvae  of  Echino- 
derms,  before  the  apppearance  of  the  water-tubes,  remind  us  forcibly  of 
the  young  Actinia  soon  after  it  has  escaped  from  the  egg,  or  of  the  first 
stages  of  growth  of  a  Scyphistoma,  after  it  has  attached  itself  to  the 
ground,  previous  to  the  formation  of  tentacles.  What  constitutes  the 
difference  in  the  structural  plan  of  these  animals  belonging  to  different 
classes,  in  their  primary  stages  of  growth  ?  They  are  all  built  according 
Am.  Joub.  Sol— Secokd  Sbbibs,  Vol.  2X,  No.  lia-JniT,  1865. 
17 
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to  one  and  tbe  same  idea,  so  carried  out  as  to  be  eminently  echinoder- 
moid  in  one  instance,  acalephian  in  another,  and  polypoidal  in  a  third. 
In  young  Echinoderms,  as  in  young  Ctenopfaorse,  we  find  nothing  of  the 
remarkable  preponderance  of  certain  parts  which  gives  these  young  their 
bilateral  appearance  in  more  advanced  conditions.  Their  radiate  charac- 
ter is  extremely  prominent  at  first,  but  becomes  gradually  obscured  and 
bidden  under  the  guise  of  this  biliiterality,  which  is,  after  all,  due  only  to 
the  excessive  development  of  certain  spheromeres  as  compared  with  the 
others. 

**  The  case  of  these  larvse  is  only  an  additional  example  of  what  we  find 
so  often  in  nature,  that  one  plan  of  structure  apparently  prevails,  while, 
in  reality,  it  is  only  an  external  analogy,  obtaining  a  great  predominance 
in  certain  parts,  but  subservient  to  the  primary  plan,  even  though  the 
latter  be  perceived  only  on  closer  examination.  This  view  solves  a  ques- 
tion which  has  hitherto  perplexed  all  investigators  of  this  subject, — viz : 
how  it  was  possible  that  a  larva,  which  has  always  been  considered  aa 
bilateral,  should  produce  a  radiate  animal  by  a  process  of  internal  gem- 
mation. It  is,  indeed,  a  bilateral  larva,  but  built  upon  a  radiate  plan  ; 
a  larva  recalling  a  lower  class  of  this  branch  of  the  animal  kingdom,  an 
acalephian  larva  giving  rise  to  an  Echinoderm,  which,  from  its  very  be- 
ginning, is  a  radiate  animal,  having  a!l  its  spheromeres  developed  at  the 
same  time,  and  equally.' 

*'  These  transformations  are,  however,  peculiar  to  the  class  of  Echino- 
derms  ;  they  constitute  neither  a  metamorphosis,  nor  a  case  of  alternate 
generation.  The  egg  becomes  the  embryo  larva ;  nothing  essential  is  lost 
during  the  process;  no  intermediate  individual  comes  into  the  cycle.  It 
is  the  yolk  which  becomes  the  larva,  the  latter  being,  in  its  turn,  trans- 
formed into  the  young  Echinoderm.  This  larva  is,  in  short,  an  acale- 
phian larva,  reminding  us  somewhat  of  the  twin  individuals  of  free  Hy- 
droids,  though  adapted  to  the  mode  of  development  of  the  Echinoderma. 
But,  in  the  latter,  we  have  no  intermediate  condition  corresponding  to  the 
Folyp-like  Hydroid  in  Acalephs,  from  which  the  Medusae  or  reproductive 
individuals  arise,  and,  in  their  turn,  bring  forth  the  Hydroid  again,  which 
completes  the  cycle  by  developing  another  set  of  Medusae. 

*'  If  the  views  here  taken  of  the  plan  of  development  of  Echinoderma 
be  correct,  they  introduce  a  new  set  of  facts  respecting  their  affinities 
with  the  Polyps  and  Acalephs,  which  cannot  fail  to  have  an  important 
bearing  on  the  question  of  the  separation  of  the  Echinoderms  as  a  dis- 
tinct type  from  the  two  latter  groups.  The  Echinoderm  plutean  form, 
with  its  mouth,  stomach,  intestine,  with  the  water-system  originally  form- 
ing a  part  of  the  digestive  cavity,  bears,  as  it  seems  to  me,  the  same  re- 
lation to  the  Ctenophorae  which  the  Hydroid  Polyps  hold  to  the  true 
Polyps.  The  Ctenophorse  may  be  considered,  as  it  were,  the  prophetic 
type  of  the  Echinoderms,  as  the  Polyps  are  the  prophetic  type  of  Aca- 
lephs. We  have  in  the  CtenophoraB  a  digestive  cavity,  from  whidi 
branches  the  water-system,  and  that  peculiar  funnel,  opening  outward, 
through  which  the  fecal  matters  of  the  Gtenophoras  are  discharged, 
reminding  us  at  once  of  the  almost  identical  arrangement  of  an  Echino- 
derm Pluteus,  in  the  relations  of  the  intestine  to  the  stomach.    The  pla- 

*  For  a  closer  comparison  of  young  Ctenophone  and  Echinoderm  Larvae,  eee  the 
Illustrated  Catalogue  of  the  Museum  of  OomparatiTe  Zoology,  No.  II,  now  m  presa. 
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tean  forms  certainly  show  that  the  plan,  upon  which  the  Echinoderms 
are  built,  does  not  differ  from  that  upon  which  the  Acalephs  are  built, 
and  that  we  have  between  the  Echinoderms  and  Acalephs  the  same  con- 
nection, based  upon  the  identity  of  plan  which  exists  between  the  Aca- 
lephs  and  Polyps.  We  cannot,  therefore,  admit  that  the  views  so  fre- 
X|uent]y  urged,  and  so  universally  admitted,  in  support  of  the  separation 
of  the  Acalephs  and  Polyps,  as  a  distinct  type  (Coelenterata^,  from  the 
Echinoderms,  have  any  i«al  foundation  in  nature  ;  and  still  less  can  we 
concur  in  them,  when  we  remember  that  the  main  argument  in  their 
favor  rests  upon  the  assumed  total  want  of  connection  between  the  ambu- 
lacral  system  and  the  digestive  system.  Now  this  connection  has  been 
shown,  by  Prof.  Agassiz,  to  exist  in  the  adult  of  many  Echinoderms, 
while  the  facta  above  stated  prove  that  it  also  exists  in  the  early  stages  of 
the  embryonic  development^  when,  in  fact,  the  water-system  is  formed 
from  the  digestive  system.  With  this  evidence  falls  the  strongest  argu^ 
ment  for  the  validity  of  a  classification  by  which  the  type  of  Radiates 
would  be  broken  up,  and  the  Polyps  and  Acalephs  separated  from  the 
Echinoderms,  as  a  distinct  type,  under  the  name  of  Ccelenterata.  We 
are,  therefore,  justified  in  affirming  that  the  type  of  Radiates  constitutes 
an  independent  type  of  the  animal  kingdom,  containing  three  equivalent 
classes, — Echinoderms,  Acalephs,  and  Polyps.** 

IV.  ASTRONOMY. 

1.  I^ote  on  the  inclination  of  ike  planetary  orbits  to  the  invariable 
plane;  by  Prof  G.  Hinrichs. — On  page  138  of  the  preceding  volume 
appears  an  editorial  footnote  stating  that  the  numbers  given  by  us  for 
the  inclinatioas  I  of  the  planetary  orbits  toward  the  invariable  plane 
**  are  not  quite  exact"  A«  this  remark  might  create  doubt  of  the  gene- 
ral closeness  of  the  planetary  orbits,  the  following  additional  develop- 
ments seem  necessary. 

Let  i  be  the  inclination  of  the  orbit,  and  »'  the  inclination  of  the  Inva- 
riable plane  toward  the  ecliptic  As  the  values  of  i  themselves  aire 
subject  to  quite  considerable  changes,  we  deemed  it  unnecessary  to  cal- 
culate the  exact  values  of  I,  and  made  use  of  the  equation 

L  e.,  subtracting  the  smaller  from  the  greater  angle. 

The  remark  of  the  editor  has  induced  us  to  calculate  the^ex^ct  values  of 
I  in  order  to  see  bow  great  an  error  is  committed  in  nedecting  the 
spherical  excess  A  of  the  spherical  triangle.  From  the  fifth  edition  of 
M&dler's  Astronomic  Popudaire  (Berlin,  1S61)  we  take  the  following 
elements : 

Q 


Mercury, 

46*  23'  56''0 

7*    0'13"-8 

Venus, 

75    11   29  -8 

8    23  31  -4 

Mars, 

48   16   18  -0 

1    61     6-7 

Jupiter, 

98   48  87  -6 

1    18  42  -4 

Saturn, 

112    16   84  -2 

^    29  29  -9 

Uranus, 

73      8  47  -8 

46  29  -2 

Neptune, 

129   59  23   1 

1    47     0-9 

Invariable 

plan^ 

106     jO  ^  '0 

J   86  27-9(fQrl800) 
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These  Talues  give  the  following  results  (stated  to  the  nearest  minute) : 


I 

t'^t 

A 

Mercury, 

6M8' 

6*26' 

68' 

Venus, 

2   11 

1    49 

22 

Mars, 

1    40 

16 

1*24 

Jupiter, 

18 

16 

2 

Saturn, 

65 

64 

1 

Uranus, 

1      2 

49 

13 

Neptune, 

45 

12 

83 

We  have  also  given  the  values  according  to  the  formula  made  use  of 
in  our  article,  page  138 — and  the  difference  of  the  two  first  values  will 
give  the  spherical  excess  A  neglected  in  that  approximation. 

It  will  be  seen  that  the  deviation  only  in  the  case  of  Mars  exceeds  one 
degree,  and  in  the  case  of  Mercury  is  nearly  one  degree;  but  these  be- 
long to  the  smaller  planets.  Of  the  large  planets  there  is  only  Neptune 
making  a  considerable  deviation  (sy)  from  our  former  value;  the  very 
near  coincidence  between  the  orbit  of  Neptune  and  the  invariable  plane, 
pointed  out  by  Mr.  Trowbridge  (vol.  xxxviii,  p.  355)  does  not  now  exist. 
If  Neptune  is  not  in  its  maximum  of  inclination,  then  this  circumstance 
would  make  it  highly  probable  that  there  must  be  another  planet  be- 
yond Neptune  (§  5, 1). 

Thus  it  appears  that  our  numbers  for  I  given  on  page  139,  though 
approximations  only,  and  therefore  not  quite  exact,  still  are  sufficiently 
near  the  truth  to  warrant  the  deductions  then  drawn  therefrom,  except 
in  the  case  of  Neptune,  which  planet  at  present  deviates  about  50  min- 
utes from  the  invariable  piano,  and  thus  appears  not  to  be  the  uUima 
Ihule  of  the  planetary  world.  Iowa  City,  April,  186J. 

2.  ^ew  Comet, — A  large  comet  was  visible  in  the  southern  hemispliere, 
in  the  months  of  January  and  February.  It  was  seen  at  Rio  Janeiro  OQ 
the  24th  of  January.  On  the  26th,  its' tail  was  26®  in  length.  The  fol- 
lowing elements  were  computed  by  Mr.  Moesta  from  observations  on 
Feb.  21st,  25th,  and  29th.  Oa  the  20th,  he  observed  a  second  very 
faint  tail  branching  out  to  the  north  of  the  principal  tail. 
Perihelion  passive,  1865,  Jan.  14*3867, 
71=         3°  33'-79  t     =     92°  17'-16 

Q     =,     255   46-27  log.  y    =        8-4511 

*  Obtauied  firom  the  formula 

A4-B 

.1       ~"-T-  A^B 

.     c 
Bin  — 

2        / p.— 

where  tan  tf  =« — jj~g  vginA.suiB. 

•«•  — 

c 

«>•  2 

•in*«= ^5^/slnA.iinB, 

and  edlie  difference  of  the  longitude  of  the  nodes,  and  A  and  B  the  other  two  An- 
gles of  the  triangle,  i  and  180  -  t',  or  180  - 1  and  t'. 
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9.  iff.  Hugpint  on  ih$  Spectrum  of  the  Nebula  in  Orion. — At  the 
meeting  of  the  Royal  Ast  Soc,  March  10th,  1865,  Mr.  Huggins  remarked 
that  **  the  recent  examination  of  the  Great  Nebula  in  Orion  shows  that 
this  large  and  wonderful  object  belongs  to  the  class  of  gaseous  bodies. 
The  light  from  this  nebula  resolves  itself  under  the  refractive  power  of  the 
prism  into  the  same  three  bright  lines.  With  a  narrow  slit  they  appear 
exceedingly  thin  and  well  defined.  The  intervals  between  them  are  dark, 
And  in  the  light  from  no  part  of  this  nebula  was  any  indication  detected 
of  a  continuous  spectrum,  such  as  is  characteristic  of  incandescent  solid  or 
liquid  matter.  Different  portions  of  this  great  nebulous  mass  were 
brought  successively  upon  the  slit,  but  the  results  of  minute  examination 
showed  that  the  whole  nebula  emits  light  which  indicates  a  constitution 
identical  throughout  the  body.  The  light  from  one  part  differs  from  that 
of  another  in  intensity  alone. 

The  four  bright  stars  of  the  trapezium  and  other  stars  distributed  over 
the  nebula  gave  a  continuous  spectrum. 

According  to  Lord  Rosse  and  ProC  Bond,  the  brighter  parts  near  the 
trapezium  consist  of  clustering  stars.  If  this  be  the  true  appearance  of 
the  nebula  under  great  telescopic  power,  then  these  discrete  points  of 
light  must  indicate  separate  and  probably  denser  portions  of  the  gas,  and 
that  the  whole  nebula  is  to  be  regard^  rather  as  a  system  of  gaseous 
bodies  than  as  an  unbroken  vaporous  mass. 

Since  the  usually  received  opinion  of  the  enormous  distances  of  the 
nebulsd  ha^  no  longer  any  foundation  to  rest  upon,  in  respect  of  the 
nebulae  which  give  a  gaseous  spectrum,  it  is  much  to  be  desired  that 
proper  motion  should  he  sought  for  in  such  of  them  as  are  suitable  for 
this  purpose. 

If  the  gaseous  matter  of  these  objects*  represented  the  ^  nebulous 
fluid,'  out  of  which,  according  to  the  hypothesis  of  Sir  Wm.  Herschel, 
stars  are  to  be  elaborated,  we  should  expect  a  spectrum  in  which  the 
groups  of  bright  lines  were  as  numerous  as  the  dark  lines  due  to  absorp- 
tion found  in  the  spectra  of  the  stars. 

If  the  three  bright  lines  be  supposed  to  indicate  matter  in  its  most 
primary  forms,  still  we  should  expect  to  find  in  some  of  the  nebulsB^  or  in 
some  parts  of  them,  indications  by  a  more  complex  spectrum,  of  an  ad- 
vance in  the  formation  of  the  separate  elementary  bodies  which  exist  in 
the  Sun  and  in  the  stars. 

A  progressive  formation  of  some  kind  is,  however,  suggested  by  th« 
presence  in  many  of  the  nebulae  of  a  nucleus,  the  spectrum  of  which  in- 
dicates that  it  is  not  pure  gas,  but  contains  solid  or  liauid  matter. 

It  may,  therefore,  be,  that  nebulae  which  have  little  indication  of  re- 
solvability,  and  yet  give  a  eontintioue  spectrum,  such  as  the  Great  Nebula 
in  Andromeda^  are  not  clusters  of  suns,  but  gaseous  nebulae  which,  by 
the  gradual  loss  of  heat,  or  the  influence  of  other  forces,  have  becoma 
crowded  with  more  condensed  and  opaque  portions. 

So  far  as  my  observations  extend  at  present,  they  suggest  the  opinion 
that  the  nebulae  which  give  a  gaseous  spectrum  are  systems  possessing  a 
structure,  and  a  relation  to  the  universe,  altogether  distinct  from  the  great 
group  of  cosmical  bodies  to  which  our  Sun  and  the  fixed  stars  belong.** 
— Aet.  Soc.  Notices. 
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4.  On  the  Meteorite  qf  Mamhaum^  Bengal;  by  Mr.  Haidikoer. — 
This  meteorite  fell  130  miles  oortheaH  of  Calcutta,  on  the  22d  of  De- 
cember, 1863,  at  9  A.  ic,  during  a  calm.  The  detonations  which  accom- 
panied the  fall  were  heard  to  a  distance  of  30  miles;  and  some  hours 
afterward  a  large  fragment  was  <x)llected  at  Corsipore,  a  second  smaller 
at  Pandra,  and  others,  as  large  as  a  nut,  near  Qovindpur.  The  paste  or 
base  of  the  stone  is  ash-gray  and  is  distinctly  brecciform  in  structure, 
ivithout  rounded  granules.  Monosulphuret  of  iron  is  abundant  in  it, 
though  only  in  minute  particles ;  grains  of  metallic  iron  are  less  numer- 
ous.    The  specific  gravity  is  3-424.— jBcr.  Wien.  Akad^  Sept  21,  1884. 

5.  New  Asteroid. — Another  small  planet  was  discovered  April  26th 
by  de  Gasparis  at  Naples.  It  was  equal  in  brightness  to  a  star  of  the 
10th  magnitude. 

V.    MISCELLANEOUS  SCIENTIFIC  INTELLIGENCE. 

I.  Experiments  on  the  production  of  cylinders  of  ice  hy  pressure 
trough  orifices;  by  Mr.  Fresca,  (Proc  Acad.  Sci.,  Paris,  for  Feb.  21). — 
These  experiments  were  made  by  acting  on  ice  containal  in  a  cylinder 
0-16  meter  (about «  inches)  in  diameter,  with  the  requisite  pressure  to 
drive  it  through  a  central  orifice  in  its  base  0*05  m.  (nearly  two  inches) 
in  diameter.  These  plates,  prepared  by  TyndalPs  method,  in  some  cases 
colored  at  the  joints  and  in  others  not,  acted  like  plates  of  lead  or  of  por- 
celain paste,  as  before  explained  by  the  author  to  the  Academy.  The 
siarfaces  of  the  planes  of  division  or  joints,  originally  flat,  are  transformed 
by  the  process,  as  with  other  substances,  into  tubes  concentric  and  per- 
fectly distinct  from  one  another,  thus  indicating  the  movement  of  each, 
point  of  the  mass  in  the  coucse  of  the  transformation.  The  cylinders  of 
ioe  are  longitudinally  furrowed,  and  the  furrows  appeared  to  proceed  from 
fractures  produced  at  the  moment  when  a  portion  of  the  cylindrical  block 
leaves  the  orifice,  and  when,  as  a  consequence,  it  ceases  to  be  subjected 
to  pressure  at  the  outer  extremity.  The  porcelain  paste  aflforded  the 
author  delicate  furrows  or  fractures  of  a  similar  kind,  and  in  some  cases 
the  material  was  divided  into  small  separate  lamellae.  The  evenly-bedded 
structure  of  the  cylinder  of  ice  shows  that  the  origin  of  these  fractures  is 
subsequent  to  the  first  formation  of  the  cylinder. 

For  a  block  of  the  dimensions  employed  in  the  experiments  the  pres- 
sure required  for  the  flow  of  the  ice  is  10,000  kilograms,  while  for  lead 
it  is  50,000  kilograms.  These  pressures  correspond,  for  the  square  centi- 
meter, to  126  and  637  kHograms.  This  pressure  of  126  kilograms  cor- 
responds to  a  column  of  water  1300  meters  in  height  It  is  evident  that 
if  the  orifice  were  smaller  in  proportion  to  the  diameter  of  the  mass  un- 
der pressure;,  the  force  requisite  would  be  notably  less. 

Mr.  Fresca  observes  that  the  circumstances  attending  the  formation 
of  these  jets  of  ice  appear  to  throw  light  on  the  controverted  ques- 
tion as  to  the  movement  of  glaciers.  The  relative  displacement  of  the 
layers  of  ice  in  the  process,  the  change  of  form  in  the  faces  originally  flat, 
the  curved  form  of  the  beds  at  the  extremity  of  each  partial  tube,  the 
large  cavities  formed  toward  these  extremities,  and  even  the  fissures  or 
fractures  at  the  moment  of  escape  from  the  pressure,  are  so  many  points 
of  resemblance  to  the  phenomena  of  glaciers.    There  is  not  the  mass  of 
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material  consti luting  moraines,  but  the  traces  of  coloring  matter  which 
are  deposited  in  parallel  threads^  and  which  are  reunited  toward  the  axis, 
complete  to  a  degree  the  analogy. 

Tjndall  bad  before  shown  that  ice  cosld  be  moulded  to  anj  shape  bj 
pressure  in  a  mould.  Mr.  Fresca  observes  that  his  trials  prove,  in  addi- 
tion, that  it  may  by  pushed  into  a  thread,  in  accordance  with  the  geomet- 
rical law  of  this  kind  of  flow.  The  facts  help  to  bring  the  explanations 
of  Tyndall  and  Forbes  into  accord,  since  they  indicate  that  the  viscosity, 
more  or  less  great,  of  the  material  does  not  necessarily  play  any  import* 
ant  part  in  the  phenomenon.  They  exhibit  the  material  conditions  of 
the  now  :  and  the  transparency  of  the  jet,  afler  its  escape  from  the  orifice, 
shows,  besides,  that,  under  a  comparatively  feeble  pressure,  ice  may  be 
changed  in  form  without  ceasing  to  be  glassy  in  texture  or  aspect — Les 
Monies,  Feb.  23.  « 

2.  Observations  on  Sepulture  in  the  Age  of  Stone,  between  Castries 
and  Baillargues,  France;  by  P.  Gbryais. — A  natural  excavation,  several 
yards  in  length,  has  been  discovered  in  the  Ck>mmuue  of  Baillargues^ 
which  had  been  used  for  the  burial  of  a  number  of  human  Itodies  of  the 
Age  of  Stone.  The  bones  were  those  of  adults,  and  several  were  of  quite 
an  advanced  age,  as  shown  by  the  t^eth.  One  of  them  indicated  a  man  of 
high  stature ;  the  femur  was  0*465  meter  long.  A  cranium  presented  to 
the  Academy  of  Sciences  by  Mr.  Gervais  was  of  the  type  of  the  white 
race,  it  having  a  brachycephalus  head  without  a  trace  of  prognathism, 
and  a  well-developed  forehead.  It  appeared  to  have  belonged  to  a  female, 
and  not  one  of  advanced  years.  Flint  implements  found  with  the  remains 
are  regarded  as  fixing  the  age  to  which  the  people  here  interred  belong. 
There  are  also  in  the  graves  numerous  disks  of  carbonate  of  lime  having 
a  hole  at  center,  and  some  calcareous  objects  of  other  forms,  a  few  frag- 
ments of  coarse  pottery,  bits  of  charcoal,  and  bones  of  some  modern  spe- 
cies of  animals,  as  of  the  fox,  hare,  sheep,  vertebrae  of  snakes,  and  femurs 
of  frogs. 

Mr.  Gervais  concludes  from  his  observations,  that,  in  the  remote  period 
referred  to,  the  country  of  Castries  and  much  of  southern  France  were 
inhabited  by  the  race  here  indicated. — Les  Mondes,  Feb.  23. 

3.  Lake- habitations. — Mr.  Messikombr,  of  Zurich,  has  again  suc- 
ceeded in  making  some  highly  interesting  discoveries  and  obwirvations 
by  his  continued  excavations  in  the  large  turf-bed  near  Robenhausen.  It 
is  true  that  these  latest  discoveries  do  not  give  the  key  to  the  chronolog- 
ical enigma  of  the  Pale  buildings  and  their  inhabitants;  but  they  spread 
a  clearer  light  on  the  manner  of  living  in  that  remote  period,  as  well  as 
its  condition  of  civilization.  Hitherto  it  was  believed  that  only  two  of 
these  old  settlements  existed  on  this  curious  spot,  one  above  the  other ; 
these  recent  observations  make  it  plain  that  there  are  three,  one  on  the 
top  of  the  other.  The  two  oldest  settlements  have  been  destroyed  by 
fire,  and  furnish  a  great  number  of  antiquarian  objects.  The  third  set- 
tlement, however,  the  pales  of  which  do  not  consist  of  round  wood,  but 
split  oak,  had  not  been  destroyed  by  fire,  but  had  been  abandoned  in  the 
course  of  time;  it  is  poor  in  remnants  of  interest.  All  three  settlements 
which  must  have  existed  for  a  great  number  of  years,  belong  to  the  Stone 
period.    Among  the  astonbhing  quantity  of  objects  of  industry  recent^ 
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excavated  by  Mr.  Messikomer)  only  tools  of  stone,  bone  atrd  wood  bare 
been  found,  many  for  uses  unknown,  but  not  the  sligbtest  trace  of  bronze 
or  iron.  The  distinct  separation  and  length  of  duration  of  the  pre-his- 
torical  periods  of  the  so-calIe<]  Stone  period  and  Bronze  period  have  no- 
where been  more  clearly  demonstrated  than  in  the  Pale  buildings  of 
SwitzeHand,  much  clearer  and  more  precise  even  than  in  those  of  Den* 
mark  and  Mecklenberg.  No  settlements  of  the  oldest  men,  aAiong  those 
known  till  now,  can,  in  fact,  be  compared  in  size  and  preservation  with 
the  large  lake-villages  of  the  Stone  period  at  Robenhausen,  Wauwyl  and 
Wangen,  on  Lake  Constance. — AtkencBum,  May  27. 

4.  On  the  Human  Remains  of  the  Trou  du  Frontal;  by  P.  J.  Vaw 
Bknbdsn  and  Dr.  E.  Dupoht. — Remains  of  fourteen  individuals  have 
been  found  at  the  cave,  called  (from  the  discovery  of  a  cranium)  Trou 
de  FrontaL  Of  the  two  best  crania,  one  is  orthognathous,  the  other 
prognathous;  and  still  the  prognathous  one  has  the  largest  cavity. 
The  various  other  bones  include  fragments  of  crania  and  of  nearly  every 
other  portion  of  the  skeleton,  part  of  them  the  remains  of  children,  and 
others  of  youths  and  adults.  All  lie  in  complete  disorder,  as  if  they  had 
been  disturbed  by  some  catastrophe  subsequent  to  their  first  burial ;  and 
with  them  are  bones  of  various  mammals  of  kinds  now  living,  besides 
diflferent  species  of  Helix,  Cyclostoma  and  Unio,  flint  implements,  orna- 
ments, amulets,  coarse  pottery,  a  crystal  of  fluor  spar,  a  bone  needle,  eta 

6.  Instrument  for  measuring  distances. — Dr.  Emsmann,  in  a  paper  in 
Poggetidorff's  Annalen,  describes  a  new  instrument  for  measuring  dis- 
tances, which  differs  from  all  previous  arrangements  by  being  independ- 
ent of  the  measurement  of  angles,  or  of  a  base  line.  It  consists  simply 
in  an  application  of  the  well-known  principle  that  the  image  of  an  ob- 
ject is  brought  to  a  focus  by  a  convex  lens  at  a  distance  from  the  lens 
varying  according  to  the  remoteness  of  the  object  The  arrangement 
described  by  Dr.  Emsmann  consists  of  an  object-fflass  of  30^,  and  an 
eye-piece  of  1"  focal  length,  a  screen  of  ground  glass,  upon  which  the 
image  is  received,  being  placed  behind  the  eye-piece.  The  instrument, 
it  will  be  seen,  resembles  m  principle  a  photograpnic  camera ;  the  length, 
however,  is  about  5^  feet  In  oitler  to  keep  the  indications  within  cer- 
tain limits,  the  screen  is  placed  behind  the  eye-piece,  and  the  distance 
between  the  lenses  is  so  arranged  that  a  variation  in  the  distance  of  25 
paces,  at  all  ranges,  requires  at  least  a  movement  of  one  line  in  the 
screen.  Trustworthy  readings  may  be  obtained  up  to  2000  paces.  Dr. 
Emsmann  suggests  that  the  instrument  will  be  found  useful  in  coast  bat- 
teries, for  measuring  the  distance  of  a  vessel  out  at  sea.  In  siege  opera- 
tions, the  time  generally  admits  of  the  measurement  of  a  base  line,  the 
distance  of  the  enemy's  works  being  calculated  by  trigonometry.  Should 
there  be  no  practical  difficulties  in  the  way,  it  might  probably  replace 
with  advantage  the  stadiometer,  which  depends  on  the  principle  of  sim- 
ilar triangles,  supplied  by  the  War-office  to  volunteer  corps  for  nse  in 
judging  distance  drill. — header.  May  13. 

6.  On  a  Journey  from  Chimhorazo  to  Bogota  across  the  Central  Andes; 
by  Mr.  Robert  Cross,  (Proc  Royal  Geogr.  Soc.,  April  24.)— This  was  a 
narrative  of  a  journey  performed  by  the  writer  whilst  employed  by  the 
India-office  in  collecting  seeds  of  the  Pitayo  cinchona-tree  for  planting 
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in  India.  This  valaable  species  of  cinchona  appeared  to  be  now  reduced 
to  a  few  specimens  growing  near  Popayan,  from  which  the  writer  suc- 
ceeded in  obtaining  a  good  supply  of  seeds.  His  journey  from  the 
Pitayo  forests  to  the  valley  of  the  Magdelena  was  over  the  high  and 
bleak  plateau  of  Guanacas,  where  his  mules  had  a  narrow  escape  from 
perishing  of  cold,  and  where  he  saw  the  road  strewed  with  skeletons  of 
men  and  animals. 

General  Mosquera,  Minister  of  the  United  States  of  Columbia  to  Great 
Britain,  at  the  invitation  of  the  President,  addressed  a  few  remarks  to 
the  meeting  in  English,  in  which  he  described  the  efforts  which  the 
government  of  his  native  country  were  making  to  open  a  road  across 
the  Cordillera.  .  .  .  This  was  one  out  of  many  enterprises  which  were 
now  being  pushed  forward  with  a  view  to  increase  the  commerce  between 
New  Granada  and  Great  Britain  in  the  abundant  produce  of  that  part  of 
Tropical  America. 

Mr.  £van  Hopkins,  C.E.,  who  had  been  employed  by  General  Mosquera 
to  survey  various  parts  of  New  Granada,  confirmed  the  statements  of 
Mr.  Oliphant  with  regard  to  the  geography  of  the  Isthmus.  As  to  th« 
vast  region  which  Mr.  Cross  had  given  them  an  account  of,  the  difficul- 
ties of  traveling  described  by  him  were  due  to  the  want  of  proper  pre- 
cautions. He  bad  himself  crossed  all  the  ranges  of  the  Cordillera  five 
times,  without  8ufi*ering  any  great  privation,  and  a  more  magnificent 
region  for  beauty  and  fertility  of  soil  he  had  never  seen. 

Mr.  Gerstenberg  reviewed  the  capabilities  of  the  various  routes  which 
had  been  proposed  for  a  ship  canal,  and  gave  his  reasons  for  preferring 
that  which  had  been  first  suggested  by  Humboldt,  namely,  between  the 
Gulf  of  St.  Miguel  and  Caledonia  Bay,  which  was  the  only  line  that 
presented  the  indispensable  requirement  of  good  harbors  at  each  end. 

Mr.  Oliphant  differed  from  Mr.  Gerstenberg  in  supposing  that  a  good 
harbor  at  each  end  was  of  more  importance  than  a  depression  in  the 
intervening  ridge.  Mr.  Crawford  and  Dr.  Hodgkin  also  took  part  in  the 
discussion,  and  the  President,  in  summing  up,  said  the  question  of  cross- 
ing the  Isthmus  of  Panama  had  been  productive,  in  years  past,  of  fre- 
quent and  lively  discussions  in  the  Society ;  but  he  agrees  with  Mr.  Oli- 
phant, that  it  would  be  a  disgrace  to  British  geographers  if  they  did  not 
complete  the  examination  of  this  region. — Header,  May  6. 

7.  Walker  Prizes,  Boston  Society  of  Natural  History, — The  follow- 
ing prizes  were  founded  by  the  late  Dr.  William  J.  Walker,  for  the  best 
memoirs,  in  the  English  language,  on  subjects  proposed  byya  committee 
appointed  by  the  Council  of  the  boston  Society  of  Natural  History.  The 
first  and  second  are  to  be  awarded  annually ;  the  third,  once  in  five  years, 
beginning  with  1870. 

First — For  the  best  memoir  presented,  a  prize  of  sixty  dollars  may  be 
awarded.  If,  however,  the  memoir  be  one  of  marked  merit,  the  amount 
awarded  may  be  increased  to  one  hundred  dollars,  at  the  discretion  of 
the  committee. 

Second — For  the  next  best  memoir,  a  prize  not  exceeding  fifty  dollars 
may  be  awarded  at  the  discretion  of  the  committee. 

Neither  of  the  above  prizes  shall  be  awarded  unless  the  memoirs  pre- 
sented shall  be  deemed  of  adequate  merit. 

Ax.  JouB.  Sci.— Sboond  Ssbiss,  Vol.  2X,  No.  lia— Jitlt,  18QIS. 
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Third — Grand  Honorary  Prize.  The  Council  of  ibe  Society  may 
award  the  sum  of  five  hundred  dollars  for  such  scientific  investigation  or 
discovery  in  natural  history  as  they  may  think  deserving  thereof;  pro- 
vided such  investigation  or  discovery  shall  have  first  been  made  known 
and  published  in  the  United  States  of  America ;  and  shall  have  been  at 
the  time  of  said  award  made  known  and  published  at  least  one  year. 
If  in  consequence  of  the  extraordinary  merit  of  any  such  investigation 
or  discovery,  the  Council  of  the  Society  should  see  fit,  they  may  award 
therefor  the  sum  of  one  thousand  dollars. 

The  following  subjects  for  prizes  under  the  Walker  fond  have  been 
announced  by  the  Society. 

Subject  of  the  Annual  Prize  for  1865-6.  "Adduce  and  discuss  the 
evidences  of  the  co-existence  of  man  and  extinct  animals,  with  the  view 
of  determining  the  limits  of  his  antiquity.'* 

Subject  for  1866-7.  **The  fertilization  of  plants  by  the  agency  of 
insects,  in  reference  both  to  cases  where  this  agency  is  absolutely  neces- 
sary, and  where  it  is  only  accessory ;"  the  invcbtigations  to  be  in  prefer- 
ence directed  to  indigenous  plants. 

Memoirs  offered  in  competition  for  the  above  prizes  must  be  forwarded 
on  or  before  April  first,  prepaid  and  addressed  ^Boston  Society  of  Natu- 
ral History,  for  the  Committee  on  the  Walker  PriteSy  Boston^  MassP 

Each  memoir  must  be  accompanied  by  a  sealed  envelope  enclosing  the 
author's  name,  and  superscribed  by  a  motto  corresponding  to  one  borne 
by  the  manuscript 

Boston,  Msy,  1865. 

8.  Tunnel  of  Mount  Cenis. — Of  the  total  length  of  the  Mt.  Ceni* 
tunnel,  12,220  meters,  7,977  remain  to  be  made.  Having  been  begun 
in  1868,  and  with  new  methods  and  eneriry  in  1863,  4423*4  meters  were 
finished  on  the  first  of  April,  1866 ;  of  which,  1646  meters  were  accom- 
plished by  the  old  methods  of  tunnelling  and  2777*4  by  the  new  me- 
chanical methods  since  the  commencement  of  1863 — 802  meters  in 
1863,  1088  in  1864,  and  337*4  in  the  first  three  months  of  1866.  The 
rate  of  progress  in  1862  was  2*02  meters  per  day,  in  1864,  2*92  meters, 
and  thus  far  in  1865,  3*75.  At  the  last  rate  it  will  take  five  years  and 
eight  months  to  complete  the  tunnel. — Les  Mondes,  May  18. 

9.  Centennial  Celebration  of  the  Royal  Saxon  Mining  Academy  at 
Freiberg, — Baron  von  Beust  and  Professors  Reich,  Breithaupt,  Cotta, 
Scheerer,  and  others  have  issued  an  announcement  in  the  Bery-  und  Hat- 
tenm&nnisches  Zeituny^  that  the  Centennial  celebration  of  the  Freiberg 
Mining  Academy  will  take  place  on  the  30th  of  July,  1866.  It  is  ex- 
pected that  many  of  the  former  students  of  the  Academy  will  be  present 
at  this  festival ;  and  it  is  especially  requested  that  every  one  interested 
should  do  as  much  as  possible  to  acquaint  others  with  the  appointed  day, 
and,  further,  every  one  is  solicited  to  bring  his  photograph,  so  that  it 
may  be  placed  in  a  book  to  be  kept  in  the  Mining- Academy  as  a  souvenir 
of  the  occasion. 

10.  The  Ayassiz  Expedition  to  South  America, — The  expedition  of 
Prof.  Agassiz  arrived  safely  at  Rio  de  Janeiro  on  the  22d  of  April.  The 
Emperor  sent  a  boat  along  side  of  the  Colorado  to  take  the  party  on 
ahore,  and  in  the  evening  had  a  long  interview  with  Mr.  Agassiz.    The 
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Secretary  of  the  Treasury  of  Brazil  gave  orders  to  hare  the  baggage  and 
instruments  of  the  party  passed  unopened  at  the  Custom  House,  and 
every  courtesy  was  extended  to  the  members  of  the  expedition  by  the 
officials  of  the  Brazilian  government — Boston  Transcript^  June  0. 

11.  Report  on  t/ie  mortality  in  Paris  ;  by  M.  Dbvillb. — As  far  as  we 
can  judge  from  historical  documents,  the  annual  morlality  in  Paris  at 
the  commencement  of  the  last  century  was  1  m  28 ;  50  years  later,  1  in 
80;  in  1836,  1  in  36.  The  year  1840  was  exceptional,  and  the  ratio  was 
1  in  33 ;  in  1841  it  was  again  1  in  36.  In  1846,  5  years  later,  the  ratio 
was  I  in  37  ;  in  1851, 1  in  88 ;  in  1856, 1  in  39.  Ihese  numbers  apply 
to  old  Paris. 

In  1860,  the  time  of  the  annexation,  the  population  was  increased  by 
the  accession  of  an  area  less  favorable  for  health  than  the  interior  of  Paris. 
Still,  the  proportion  of  deaths  in  1861,  out  of  1,696,141  inhabitants, 
was  1  in  39.  In  1862  and  1863  the  diminution  in  the  ratio  of  deaths 
continued,  it  amounting  in  both  years  to  1  in  40,  the  number  of  deaths 
being,  in  1862,  42,113. 

The  Commission  attribute  the  improvement  of  the  public  health  to 
the  great  works  carried  forward  in  the  capital — that  is,  the  opening  of 
avenues,  and  the  improvements  in  the  supply  of  water^  in  drainage,  in  the 
supervision  of  the  '*  Commission  des  logements  insalubjes,''  the  organiza- 
tion of  hospitals ;  and  also  to  the  general  prosperity  of  the  working 
classes,  who  take  better  care  of  themselves,  dress  more  warmly,  and  eat 
more  wholesome  and  abundant  food. — Les  Mondes^  Feb,  23. 

12.  Dr,  H,  Falconer^ — It  has  been  determined  to  place  a  marble  bust 
of  Dr.  Falconer  in  one  of  the  London  scientific  Societies,  and  to  establish 
a  Falconer  Scholarship,  or  Fellowship,  in  Natural  Science  in  the  Univer- 
sity of  Edinburgh.  Upwards  of  £1000  have  already  been  subscribed. — 
Mackie^s  Repert.^  May  \st, 

13.  Ink. — The  Paris  Soci6t6  d'Encouragement  pour  I'lndustrie  Ra- 
tionale has  offered  a  prize  of  three  thousand  dollars  for  an  ink  that  will 
not  corrode  steel  pens. — A  then, 

14.  Production  of  the  Sexes, — The  views  of  Mr.  Thury,  published  in 
volume  xxxix  of  this  Journal  (p.  84)  have  recently  been  controverted  by 
Mr.  Coste,  in  a  memoir  read  on  May  8th  before  the  Academy  of  Sciences 
at  Paris.  The  author  bases  his  conclusions  on  an  extensive  series  of  ex- 
periments and  observations. 

15.  British  Association, — The  thirty-fifth  meeting  of  the  British  As- 
sociation will  be  opened  on  Wednesday,  the  6th  of  September,  1865,  at 
Birmingham.  Prof.  John  Phillips  is  President  for  the  year,  "William 
Hopkins  and  Francis  Galton,  Vice  Presidents,  George  G^flSth,  General 
Secretary. 

]  6.  Academy  of  Sciences,  Paris, — In  May  last.  Otto  Struye  was  elected 
a  corresponding  member  of  the  Astronomical  Section  of  the  Academy,  in 
the  place  of  Carlini,  and  Plantamour  of  Geneva  in  t^e  place  of  William 
Struve;  and  in  the  Botanical  section,  Alexander  Brf^un  was  elected  a 
corresponding  member. 

17.  Voyage  of  the  Novara. — The  second  part  qf  volume  I^I  ,Qf  »the 
Zoology  of  tlie  Voyage  of  the  Novara,  has  been  published  by  the  Vienna 
Academy  of  Sciences.  It  treats  of  the  Lepidopterai  and  is  the  woijc  of 
Messrs.  Cajetan,  and  R.  Felder. 
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OBITUARY. 

Valenciennes. — Mr.  Valenciennes,  the  distinguished  zoologist,  died 
at  Paris  on  the  12th  of  April  last.  He  was  born  in  that  city  on  the  9lh 
of  April,  1794.  Mr.  Decaisne  announced  his  death  to  the  Academy  of 
Science  in  the  following  words :  Mr.  Valenciennes  was  the  friend  and 
fellow-worker  of  the  most  illustrious  naturalist  of  the  age,  George  Cuvier. 
He  was  for  half  a  century  the  friend  and  confidant  of  Alexander  von 
Humboldt.  Such  friendships  will  ever  honor  the  memory  of  our  regret- 
ted confrere. — Les  MondeSy  May  4, 

Pierre  Gratiolet,  the  eloquent  professor  of  zoology  of  the  Faculty  of 
Sciences,  Paris,  distinguished  also  as  a  spiritualist  writer,  died  suddenly 
on  the  21st  of  February  last. 

Leon  Ddfour,  one  of  the  most  prominent  of  French  zoologists,  and 
especially  eminent  in  entomology,  long  an  associate  of  Cuvier,  Latreille, 
etc.,  died  on  the  18th  of  April,  in  his  eighty-sixth  year. 

Admiral  Fitzroy,  the  able  and  learned  commander  of  the  Exploring 
Expedition  of  the  Beagle,  (that  of  which  Darwin  was  the  naturalist,) 
hydrographical  surveyor  in  various  regions,  and  author  of  extended  me- 
teorological researches,  died  eariy  in  May  last,  in  his  60th  year,  having 
been  bom  on  the  6th  of  July,  1805. 

A.  Grebsly,  a  prominent  Swiss  geologist,  died  recently  at  Soleure, 
in  Switzerland. 

Sir  J.  Richardson,  the  distinguished  naturalist  and  Arctic  voyager, 
died  on  the  5th  of  June  last 

Sir  Joseph  Paxton,  the  architect  of  the  Crystal  Palace  of  1851,  edi- 
tor of  the  "Magazine  of  Botany,"  between  1840  and  1852,  and  author 
of  a  Botanical  Dictionary  and  other  works,  died  on  the  8th  of  June,  at 
his  residence.  Rock  Hill,  Sydenham,  in  his  sixty-first  year. 

KuPFFER,  the  meteorologist,  and  Director  of  the  Central  Observatory 
of  Russia,  at  St  Petersburg,  has  recently  died. 

VL    MISCELLANEOUS  BIBUOGRAPHY. 

1,  A  Treatise  on  Astronomy;  by  Elias  Loomis,  LL.D.,  Professor  of 
Nat  Phil,  and  Astron.  in  Yale  College.  Harper  &  Brothers,  New  York, 
1865.  8vo,  pp.  338. — ^This  treatise  is  especially  designed  as  a  college 
text-book.  This  primary  object  has  directed  the  selection  of  the  topics, 
and  the  extent  of  the  development  of  each.  The  articles  and  sections 
are  also  arranged  to  meet  the  wants  of  the  class  room.  Tho  mathemat- 
ical discussions  imply  a  knowledge  of  the  elements  of  mathematics  in* 
eluding  Spherical  Trigonometry  and  Conic  Sections.  The  subject  is 
rendered  more  attractive  to  students  by  allotting  more  than  usual  space  to 
various  physical  phenomena,  as,  the  constitution  of  the  sun,  the  tides,  the 
constitution  of  the  comets,  &c.  At  the  end  of  the  volume  are  fifteen 
tables,  and  eiffht  plates.  The  tables  give  the  elements  of  the  planets, 
asteroids,  satellites,  periodical  comets  and  binary  stars,  the  heights  and 
diameters  of  the  lunar  mountains,  the  parallaxes  of  fixed  staro,  £c 

Prof.  Loomis*s  Treatise  on  Practical  Astronomy  has  been  deservedly 
esteemed,  and  his  experience  of  the  peculiar  wants  of  college  classes  affords 
assurance  that  this  treatise  will  ibe  equally  worthy  of  favor. 
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2.  Entomological  Society  of  Philadelphia, — The  Entomological  So- 
ciety of  Philadelphia  during  the  three  years  pai»t  has  issued  three  vol- 
umes, containing  in  all  1650  pages  and  20  plates,  many  of  the  plates 
beautifully  colored.  Since  the  commencement  of  the  present  year  two 
thick  numbers  of  Proceedings  have  already  appeared  :  No.  1,  for  January 
and  February,  containing  212  pages  and  one  plate,  No.  2,  for  March  and 
April,  containing  120  pages  and  one  pinte.  These  nearly  complete  the 
4th  volume  of  the  publications  of  this  Society. 

These  numbers  contain  the  following  memoirs: 

Page  1,  Hymenoptem  of  Cubn;  E.  T.  CrfSfon.-^p.  201,  On  certain  Diamal  Lepldop- 
tera  of  N.  Ameiica;  Wm.  H.  FdwartU,  (with  a  plate).— p.  204,  Variation  of  sexes  in 
Argynnis  Diana;  i/.  W.  JBaten.—p,  207,  Ou  Synononiy  of  Pamthyris  Angelica;  A.  R, 
Oi'ote. — p.  208,  On  new  fipecies  of  Clirysopa;  //.  ^'/d'wMr.— Page  213,  Description 
of  tbree  new  Canadian  Nocturnal  Lepidoptera;  C.  J.  S.  Bethune. — p.  '216,  On  some 
American  Pierinse  ;  T.  Reakirt. — p.  222,  On  new  species  of  Citheronia,  and  on  Ari- 
•Ota  rubicunda;  A.  R,  Groie  and  C.  S.  Robinson. — p.  224,  New  North  American 
Liranobina ;  R,  Often  Saeken. — p.  242,  Catalogue  of  Hynienoptera  from  Colorado 
Territory,  in  the  Society's  collection ;  JS.  T,  Cretaon.'^p.  818,  New  species  of  Cuben 
Lepidoptera;  C.  A,  Blake, — p.  815,  Descriptions  of  North  American  Lepidoptera, 
No.  6;  A.R.  Otote. 

Along  with  the  last  number  of  the  Proceedings  we  have  received  a 
copy  of  a  Circular,  signed  by  the  Publication  Committee,  E.  T.  Cresson, 
J.  Cassin  and  A.  R.  Grote,  annnouncing  that  the  Society  had  beeu 
greatly  indebted  for  ita  means  of  publishing  to  the  generosity  of  Dr. 
Thomas  B.  Wilson,  who  had  given  $5,000  as  a  fund  for  this  purpose,  be- 
aides  additional  aid  at  various  times,  and  $5,000,  also,  for  ihe  general 
maintenance  of  the  Society  ;  and  that,  on  account  of  Dr.  Wilson's  sud- 
den death  without  having  carried  out  his  expressed  intention  to  place  the 
Society  upon  a  permanent  foundation  with  a  large  publication  fund,  it 
was  now  greatly  crippled  in  its  means.  The  circular  states,  that,  *\To 
insure  the  permanence  of  the  Society,  and  the  continuance  of  its  publi- 
cations, an  income  of  $3,000  is  judged  to  be  required,  representing  a 
funded  capiUl  of  $50,000,"  and  that  $40,000  are  therefore  needed  and 
asked  for  from  the  friends  of  science  in  the  land.  No  scientific  Society 
or  Academy  in  the  United  States  has  been  doing,  of  late,  more,  or  better 
work  for  science  than  the  Entomological  Society  ;  and  the  failure  of  its 
means,  which  has  come  upon  it  so  suddenly,  is  a  calamity  to  the  country 
as  well  as  to  the  general  interests  of  science.  This  call  merits  a  ready 
response.  The  Society,  as  it  states,  cannot  offer  any  equivalent  advan- 
tages for  donations  to  the  fund.  They  propose,  however,  to  make  those 
who  come  to  their  aid  at  this  juncture,  and  give  at  least  $100,  Honorary 
Members ;  while  those  who  give  $500  or  more  will  be  entitled  also  to 
the  Publications  of  the  Society  during  life.  Tlie  public  may  aid  the  So- 
ciety by  subscriptions  to  its  publications,  which  are  furnished  at  the  small 
subscription  price  of  three  dollars  a  volume. 

8.  Whitney^s  Report  on  the  Geological  Survey  of  California, — The 
publicatioo  of  the  text  of  the  first  volume  of  this  Report,  containing  the 
Paleontology  by  F,  B.  Meek  and  W.  M.  Gabb,  was  noticed  in  the  lasi 
volume  of  this  Journal  (p.  99).  The  engraving  of  the  plates  has  since 
been  completed,  and  they  are  now  ready  to  be  issued.  They  are  thirty- 
two  in  number,  in  large  8vo,  and  are  crowded  with  figures  of  California 
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fossils,  from  tbe  Carbooiferons,  Triassic,  Jurassic,  Cretaceous,  and  Tertiary 
formations.  They  are  engraved  from  drawings  by  Mr.  Meek  and  Mr. 
Gabb — which  is  a  sufficient  pledge  of  accuracy.  These  handsome  plates 
annexed  to  the  text  make  one  of  the  most  elegant,  as  well  as  roost  valu- 
able, volumes  that  has  yet  been  published  on  any  department  of  Ameri- 
can geology.  The  plates  of  the  Jurassic  include  figures  of  the  species 
that  were  obtained  from  the  metamorpliic  gold  rocks  of  the  Sierra  Nevada. 

4.  A  Preliminary  Report  on  the  Geology  of  New  Brunswick^  together 
mth  a  special  Report  on  the  "  Quebec  Group^^  in  the  Province;  by  Hbnbt 
YoDLB  Hind,  M.  A^  F.R.G.S.,  <kc  294  pp.  8vo.  Fredericton,  New  Bruns- 
wick, 1865. — ^This  Report  is  made  partly  from  the  author^s  observations, 
and  largely  from  other  sources.  It  takes  up  in  succession  the  geograph- 
ical features  of  the  Province;  the  general  geological  structure ;  the  Gran- 
itic series  of  rocks ;  the  Carboniferous  series ;  the  Devonian  ;  the  Upper 
and  Middle  Silurian ;  the  Quebec  Group ;  and  the  Drift,  Terraces,  Beaches 
and  Valley-erosion.  The  Albertite  question  is  discussed,  and  with  the 
conclusion  that  it  is  an  "  ini»pissated  or  altered  petroleum  "  injected  from 
below  (from  the  Devonian)  into  fissures  situated  along  anticlinal  axes. 

5.  Comparative  Geography,  by  Carl  Rittkb,  late  Professor  of  Geog- 
raphy in  the  University  of  Berlin.  Translated  for  the  use  of  Schools  and 
Colleges,  by  Wm.  L  Gaob.  220  pp.  12mo.  Philadelphia,  1865.  J.  B. 
Lippinoott  6c  Co. — ^This  work  is  a  translation  of  one  of  the  series  of  lec- 
tures by  the  great  geographer  Ritter,  whose  writings  it  is  almost  super- 
fluous to  commend.  It  is  a  condensed  and  philosophical  review  of  the 
geographical  features  of  our  globe,  presented  without  encumbering  de- 
tails, in  a  simple  yet  animated  style ;  and  is  full  of  instruction  both  for 
the  student  and  the  general  reader. 

6.  Annual  Report  of  the  American  Institute  of  the  City  of  New  York^ 
for  the  years  1863,  '64.  Albany,  1864. — Discussions,  opinions  and  infor- 
mation on  a  great  variety  of  topics,  of  practical  interest,  connected  with 
agriculture  and  the  useful  arts,  are  presented  in  this  volume,  together  with 
the  address  of  Gen.  Wm.  H.  Anthon  and  the  anniversary  address  of  C.  P. 
Daly,  LLD. 

7.  BaircTs  Review  of  American  Birds, — Sheets  10  to  20,  covering 
pages  146  to  320  inclusive,  of  Baird's  **  Review  of  American  Birds,"  have 
been  iesued.  They  treat  oif  the  Motacillidce^  Sylvicolidm^  (the  latter  un- 
der the  four  subfamilies  Sylvicolince^  Geothlypince,  Icteriance  and  Setopha- 
ffince),  and  the  Hirundinidas, 

8.  Naturalises  Directory ;  by  F.  W.  Putnam.  Published  by  the 
Essex  Institute. — Part  1.  of  the  Naturalist^s  Directory,  noticed  in  our  last 
number,  has  been  issued.  It  extends  to  32  pages,  12mo,  and  includes 
the  names  of  the  naturalists  of  North  America  and  the  West  Indies. 

0.  Chambers's  Encyclopedia, — The  seventh  volume  of  this  excellent 
Encyclopedia  has  been  issued,  carrying  the  work  nearly  through  with  the 
letter  P. 

16.  Report  of  the  Commissioner  of  Agriculture  for  the  year  1862. 
632  pp.  8vo,  with  many  plates. — Among  the  many  interesting  papers  in 
this  'Volume,  tluere  is  one  on  Petroleum,  or  Coal  Oil,  by  J.  P.  Lesley ; 
others^u  the  Wheat  Plant,  Cotton,  Tobacco  culture,  Imphee  and  Sorghum 
culture, .<£heep  husbandry  and  breeding,  Marbles  of  Rutland,  Vt.,  etc. 
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11.  Report  on  the  Formation  of  the  Canterbury  Plains  {Nero  Zealand^ 
with  a  Geological  Sketch-map  and  five  Geological  sections,  by  Julius 
Haast,  Ph.S.,  F.G.S.,  etc.,  Provincial  Geologist  64  pp.  Bniall  fol.,  with 
a  colored  map  and  becttons. — Canterbury  Province  adjoins  Banks's  Pe- 
oinsula,  on  the  west  side  of  the  middle  island  of  New  Zealand.  The 
memoir  contains  a  description  of  the  old  glacial  deposits,  moraines,  lacus- 
trine beds,  raised  beaches,  and  alluvium  of  ihe  Province. 

1 2.  American  Journal  of  Conchology, — Part  8  of  the  first  Tolome  of 
this  Quarterly,  the  number  for  July,  contains  papers  by  Messrs.  Bland, 
Anthony,  Gabb,  Conrad,  Try  on,  Newcomb  and  Whitfield.  The  Paleon- 
tological  are  three  on  Eocene  shells,  two  of  them  by  T.  A.  Conrad,  and  one 
by  R.  P.  Whitfield.  The  number  is  illustrated  by  seven  beautiful  plates, 
three  of  which  are  colored. 

Chemical  Technology,  or  Chemistry  in  its  Applications  to  the  Arts  and  Mbdu- 
factures;  by  Thomas  Richardson,  MIA.,  Ph.D.,  etc 

The  Ihia,  a  Quarterly  Journal  of  Ornithology,  edited  by  Altbxd  Nzwton,  M.A., 
F.L.S^  F.Zi3.    New  Series,  1866. 
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Art.  XV. — Friedrich  Oeorg  WiUielm  Struvi 

Friedbich  Georg  Wilhelm  Struve  was  born 
in  the  Duchy  of  Holstein,  April  15,  1793 ;  his  fat 
Struve,  for  forty  years  filled  with  great  distinction  tl 
ship  of  the  High  School  in  that  city,  and  was  wid 
for  his  classical  and  mathematical  acquirements.  I 
was  the  daughter  of  Pastor  Stinde,  who  went  to  Euss 
lain  to  Peter  III;  it  was  this  circumstance  which  su 
led  to  the  settlement  of  many  of  the  Struve  family 
until  then  the  Struves  had  from  time  immemorial  1; 
spectable  yeomen  in  the  Duchy  of  Holstein.  Thi 
and  honored  associate  was  descended  from  the  origir 
the  Anglo-Saxon  race ;  a  descent  which  many  of  us 
distinctly  expressed  itself  both  in  the  personal  appej 
in  the  moral  qualities  of  the  man.  Struve  was  hapj 
by  his  father  into  no  precocity  in  his  early  childhood, 
time,  when  removed  to  the  High  School,  he  made  8U( 
ment  in  his  studies  as  at  the  age  of  fifteen  to  be  qi 
entrance  at  the  University.  In  those  days  of  trouble 
student  had  but  little  prospect  of  continuing  his  stu 
turbed.  A  constant  sense  of  the  oppression  of  th( 
and  the  dread  of  the  French  conscription  decided  his 
1808,  to  send  young  Wilhelm  to  Kussia,  at  that  tim 
the  quietest  country  in  the  world,  and  where  his  elc 
Carl  occupied  the  post  of  Classical  Lecturer  in  the  Ui 
Dorpat.     This  university,  so  soon  to  be  illuminated 

*  From  Monthly  Notices  of  the  Royal  Astronomical  Society,  Fel 
Am.  Jour.  Sol— Sboond  Ssbies,  Vol.  XL,  No.  119.— Sept.,  1865. 
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ample  and  fame  of  Wilhelm  Struve,  had  been  recently  founded 
by  Alexander  I,  immediately  ailer  bis  accession  to  the  throne, 
and  was  intended  by  him  not  only  to  be  the  intellectual  center 
of  the  German  Provinces  of  Russia,  but  to  serve  as  a  civilizing 
link  between  Europe  and  Russia  proper.  Here  Wilhelm  Struve, 
in  accordance  with  his  father's  wisnes,  applied  himself  exclu- 
sively to  classical  subjects,  and  it  was  in  this  branch  of  learning 
that  the  young  student  earned  his  first  literary  laurels,  by  an 
academical  exercise  "De  systemate  metrico  apud  Alexandrines;" 
this  essa^  was  honored  by  a  prize,  and  by  being  printed  at  the 
University  expense.  It  was  by  this  wise  and  fortunate  arrange- 
ment of  his  studies  that  Wilhelm  Struve  acquired  the  power  of 
fluently  and  accurately  expressing  himself  in  the  Latin  language, 
thereby  enabling  him,  at  a  subsequent  period,  to  communicate 
the  results  of  his  researches  to  men  of  science  living  in  other 
parts  of  Europe,  where  Struve's  native  tongue,  the  German,  was 
at  that  time  but  little  understood.  These  early  literary  pursuits 
also  contributed,  in  no  slight  degree,  to  secure  that  balance  and 
breadth  of  mind  for  which  our  lamented  associate  was  after- 
ward so  remarkable. 

In  1811  Struve  took  his  first  university  degree  in  Philology, 
and  it  was  only  after  having  thus  fulfilled  his  father's  desire  that 
he  passed  to  that  branch  of  science  which  henceforth  became 
the  principal  object  of  his  life.  No  doubt,  while  he  was  a  stu- 
dent at  Dorpat,  the  able  scientific  lectures  of  the  elder  Parrot 
excited  a  warm  interest  in  his  mind ;  but  it  was  rather  an  inner 
call  than  any  external  circumstance  which  led  Struve  at  length 
to  devote  himself  to  astronomy.  Parrot's  influence  was  not 
confined  to  the  mental  stimulus  thus  afforded  to  his  young  phi- 
losophic pupil,  but  by  the  representations  which  he  made  to  the 
University  authorities  relative  to  young  Struve's  promise  of 
future  eminence,  and  his  present  straightened  pecuniary  re- 
sources, he  obtained  for  him  the  means  of  still  longer  prosecut- 
ing his  studies  at  Dorpat.  It  was  partly  in  this  way  that  Struve 
from  the  early  age  of  fifteen  ceased  to  be  a  burden  upon  the 
scanty  fortune  of  his  father ;  but  the  boy's  own  exertions  and 
self-denial  contributed  greatly  to  the  same  end.  It  was  brought 
about  in  this  way.  Shortly  after  Wilhelm  Struve  had  entered 
the  University,  he  applied  for  and  obtained  the  post  of  private 
tutor  in  the  family  of  Mr.  de  Berg,  a  wealthy  nobleman  of  Liv- 
land,  and  his  first  pupil  there  was  the  Count  de  Berg,  the  pres- 
ent Viceroy  of  Polana.  By  this  arrangement  the  young  student 
was  necessarily  debarred  from  a  regular  attendance  on  the  lec- 
tures of  the  place ;  but  this  untoward  necessity  served,  as  was 
natural  with  one  of  Struve's  mind,  only  still  further  to  quickea 
his  zeal  to  make  the  best  of  such  advantages  as  remained  to  him, 
and  to  animate  his  self-reliance. 
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In  1811,  while  thus  engaged,  partly  in  attendance  on  the  fam- 
ily of  the  De  Bergs,  and  partly  in  the  prosecution  of  his  own 
studies  at  Dorpat,  Struve  passed  on  to  the  class  of  Astronomy. 
The  Professor  at  that  day  was  Huth,  a  man  for  whose  worth 
and  eminent  attainments  our  old  associate  ever  retained  an  af- 
fectionate and  respectful  memory,  Huth's  health  was  too  infirm 
to  permit  him  to  assist  bis  pupil  to  any  great  extent,  and  hence 
young  Struve  was,  by  a  happy  fatality,  or  in  truer  words  by 
the  discipline  of  Providence,  onee  more  thrown  upon  self-reli- 
i^nce  ana  the  resources  of  his  own  efforts.  The  Professor  him- 
self was  scarcely  ever  able  to  visit  the  Observatory,  but  he  per- 
mitted his  pupil  to  make  what  use  of  it  he  could.  This  Ob- 
servatory was  at  that  time  but  scantily  supplied  with  instru- 
ments, and  even  those  for  the  most  part  were  not  in  a  condition 
for  actual  use.  Among  these  instruments  was  a  Transit  by  our 
countryman  DoUand,  and  the  excellence  of  the  object-glass 
attracted  the  special  notice  of  the  embryo  astronomer.  The  pil- 
lars of  this  instrument  were,  it  is  true,  erected,  but  upon  them 
there  was  no  provision  existing  for  the  attachment  of  the  Y's 
and  the  other  subsidiary  apparatus,  while  the  body  of  the  in- 
strument itself  had  never  been  removed  from  the  case  in  which 
it  had  been  packed.  For  the  mounting  of  this  instrument 
young  Struve  could  obtain  no  adequate  assistance  in  the  city  of 
Dorpat,  but  was  thrown  entirely  on  the  workmanship  of  his 
own  hands,  and  the  guidance  of  his  own  inexperienced  judg- 
ment. Nevertheless,  the  work  was  done,  and  well  done ;  and 
in  after  days  Struve  would  often  recur  to  the  fortunate  difficul- 
ties under  which  his  earliest  efforts  were  made.  We  must  not 
forget  that  Struve  at  this  time  was  only  in  his  nineteenth  year. 

Early  in  the  autumn  of  1813  Struve  took  his  degree  of  Doctor 
of  Philosophy,  and  on  that  occasion  wrote  his  first  memoir  on  an 
astronomical  subject,  namely,  De  geographica  Speculoe  Dorpatensis 
Positione.  In  this  paper,  among  other  matters,  he  gave  the  first 
determination  of  the  longitude  of  that  Observatory,  deduced  from 
occultations  observed  by  himself  during  the  preceding  year.  In 
November,  1813,  a  few  weeks  after  this  thesis,  he  was  appointed 
extraordinary  Professor  of  Mathematics  and  Astronomy,  and 
two  years  later,  upon  the  death  of  Huth,  he  was  advanced  to 
the  ordinary  professorship.  In  this  capacity  his  duty  was  not 
only  to  attend  to  the  Observatory,  but  to  lecture  also  on  As- 
tronomy and  the  higher  branches  of  Mathematics ;  each  subject 
no  doubt  suffering  from  this  combination  of  duties,  notwith- 
standing the  efforts  of  the  Professor  to  prevent  it.  In  1822, 
however,  the  two  offices  were  happily  separated,  and  Struve  was 
henceforth  enabled  to  devote  his  zeal  ana  his  abilities  exclusively 
to  the  proper  work  of  an  .Observatory. 
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Having  thus  arrived  at  that  point  in  our  venerated  aasod* 
ate*8  career  when  he  was  appointed  the  chief  of  an  Observatory, 
Boon  to  be  rendered  by  his  labors  famous  to  all  time,  we  may 
for  a  few  moments  not  improperly  revert  to  the  circumstances 
which  years  before,  indicated  the  bent  of  his  mind,  and,  in  a 
certain  degree,  shaped  the  after-course  of  his  life.  In  August, 
1811,  young  Wilhelm  Struve,  while  yet  a  student,  and  with  ex- 
tremely slender  means  at  his  disposal,  verified  the  orbital  mo- 
tion of  the  two  components  of  Castor,  predicted  bjr  the  elder 
Herschel  in  his  immortal  memoir  of  1808,  and  which  bj  this 
time  was  completed  to  the  extent  of  thirty  degrees.  This  first 
success  had  a  decided  influence  in  directing  Struve'smind  to  the 
abundant  harvest  which  he  foresaw  might  be  reaped  from  a 
zealous  devotion  to  Sidereal  Astronomy.  Nearly  at  the  same 
time,  while  spending  the  summer  at  Sagnitz,  in  the  house  of  his 
friend,  Mr.  de  Berg,  Struve's  attention  was  drawn  to  Geodesy ; 
and  the  early  success  which  here  again  attended  his  first  at- 
tempts, laid  the  foundation  for  that  other  gigantic  work  upon 
which,  together  with  his  labors  in  sidereal  astronomy,  rest  the 
fame  and  the  scientific  services  of  this  great  observer.  Although 
provided  with  the  feeblest  conceivable  instrumental  means,  he 
made  excursions  in  the  neighborhood  of  his  friend's  house,  in 
order  to  see  if  it  were  possible  to  make  a  triangulation  of  that 
part  of  Livland.  While  practising  himself  in  t;he  use  of  the 
sextant,  for  that  purpose,  a  singular  accident  befell  him,  and  for 
some  time  put  a  stop  to  his  geodetical  studies.  The  French 
army  at  this  time  was  invading  the  Bussian  frontier,  and  against 
it  a  Kussian  corps  had  been  despatched  to  Livlaiid  in  OToer  to 
prevent  the  French  army  from  penetrating  through  the  Baltic 
provinces  to  St  Petersburg.  Some  ofl&cers  of  this  corps  seeing 
young  Struve  engaged  with  an  instrument  and  a  note-book, 
mistook  him  for  a  French  spy,  and,  notwithstanding  his  protes- 
tations, marched  him  off,  for  full  a  hundred  miles,  as  a  prisoner 
to  head  quarters,  and  there,  not  without  some  difficulty,  he  was 
liberated  by  the  commander-in-chief,  on  the  express  understand- 
ing that  as  long  as  the  war  continued  he  would  not  again,  by 
similar  pursuits,  expose  himself  to  suspicion.  Three  years  afra 
this  occurrence,  Struve,  at  the  invitation  of  the  Economical 
Society  of  Livland,  undertook  to  make  a  triangulation  and  map 
of  the  entire  province;  and  this  work  he  accomplished  with 
great  ability,  although  be  had  no  instrumental  means  at  his  dis- 
posal beyond  an  excellent  10-inch  sextant,  by  Troughton.  This 
work,  thus  commenced  with  a  comparatively  insufficient  instru- 
ment, forms  the  starting-point  and  the  nucleus  of  that  noble 
survey  of  the  Russian  empire,  which  for  nearly  half  a  century 
occupied  the  thoughts  and  the  .abilities  of  our  lamented  as- 
sociate. 
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From  1818  to  1889  Strove  continued  at  his  post  at  the  Ob- 
servatory of  Dorpat  As  we  have  already  seen,  the  means  at 
his  disposal  were  wholly  inadequate  to  the  most  modest  require- 
ments of  an  astronomer.  It  was  not  long,  however,  before  the 
success  of  his  labors  attracted  the  attention  of  the  Bussian  gov- 
ernment, and  through  the  benevolent  intercession  of  Prince  Lie- 
ven,  then  Chancellor  of  the  University,  and  as  an  acknowledg- 
ment of  the  services  of  the  professor,  the  Observatory  was  fur- 
nished with  such  instruments  and  pecuniary  means  as  soon 
raised  it  to  the  rank  of  a  first-rate  establishment  Thus,  in  1821, 
the  Meridian  Circle  was  obtained  from  Eeichenbach  and  Ertel, 
and  in  1824,  Fraunhofer's  famous  9-inch  Eefractor  was  added, 
at  once  the  masterpiece  of  that  great  artist,  and  the  commence- 
ment of  a  new  era  in  the  history  and  employment  of  the  tele- 
scope. 

Dtruve  at  first  worked  alone  in  the  Observatory  thus  munifi- 
cently furnished ;  occasionally,  indeed,  he  was  assisted  by  a  few 
volunteers  from  among  his  pupils,  and  notably  so  by  Knorre^ 
who  subsequently  and  for  forty  years,  was  the  well-known  di- 
rector of  the  observatory  of  Nicolaiflf ;  but  it  was  not  until  the 
year  1826  that  he  obtained,  in  the  person  of  M.  Preuss,  a  per*- 
manent  observer,  who  by  applying  himself  with  much  ability  to 
the  meridian  circle,  enabled  Struve  to  devote  his  attention  to 
the  observation  of  double  stars  with  the  great  refractor. 

In  taking  even  a  cursory  survey  of  Struve's  labors  at  Dorpat 
with  this  noble  instrument,  it  becomes  necessary  to  revert,  in 
some  degree,  to  the  state  of  sidereal  astronomy  liefore  he  com-^ 
menced  his  work.  In  1803,  Sir  William  Herschel  had  announced  ' 
the  binary  nature  of  several  of  the  double  stars ;  nevertheless, 
partly  from  the  extreme  novelty  of  the  views  set  forth  by  that 
great  philosopher,  partly  from  the  deficiency  of  the  optical  means 
then  existing,  and  partly  from  the  great  aifficulty  of  manipula- 
ting the  micrometncal  measurements,  the  subject  remained  in 
abeyance  and  almost  untou^ed  during  the  succeeding  fifteen  or 
sixteen  years.  In  1816,  Sir  John  Herschel  did,  however,  com- 
mence at  Slough  a  review  of  his  father*s  double  stars,  but  owing 
to  some  of  the  difficulties  already  alluded  to,  he  made  but  incon- 
siderable progress.  Some  of  these  measurements  so  taken  are 
recorded  in  the  joint  communications  made  by  Sii?  John  Herschel 
and  his  colleague.  Sir  James  South,  to  the  Boyal  Society  in  1824 : 
among  others  will  be  found  a  remarkable  measurement  of  Castor^ 
when  the  two  component  stars  happened  to  be  on  the  same 
parallel.  We  have  already  adverted  to  the  then  young  Struve's 
measurement  of  the  same  remarkable  star,  and  to  the  effect  which 
it  had  on  the  direction  of  his  energies :  this,  however,  was  but  a 
single  and  isolated  result,  and  it  was  not  until  some  years  later, 
namely,  in  1819,  that  the  record  of  measured  angles  of  position 
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and  distance  began  to  be  at  all  consecutive  at  Dorpat,  though 
diflferences  of  right  ascension  and  declination  had  been  pretty 
copiously  observed.  In  1820  appeared  Struve's  first  Catalogue 
of  727  double  stars,  arranged  in  the  order  of  their  right  ascen- 
sion, together  with  their  corresponding  declinations.  This  Cata- 
logue was  expressly  intended  to  facilitate  the  observation  of  these 
objects,  either  with  meridian  or  with  equatorially-mounted  in- 
struments, and  effectually  revived  the  subject  as  one  of  general 
astronomical  interest 

Nevertheless,  praiseworthy  and  valuable  as  were  these  new 
attempts,  it  was  not  until  the  erection  of  the  great  Fxaunhofer 
Befiractor  in  1824,  at  Dorpat,  that  Mr.  Struve  became  possessed 
of  an  instrument  worthy  of  the  subject,  and  competent,  not  only 
to  afford  facility  and  precision  in  respect  of  measurement,  but  to 
add  largely  to  the  list  of  known  double  stars. 

The  result  of  the  first  two  years  of  his  observations  with  this 
famous  telescope  was  that  most  remarkable  work,  OcUcUogus  norms 
generalis  Stellarum  duplicium  et  muUiplicium^  which  appeared  in 
1827,  and  will  for  ever  be  considered  as  forming  a  memorable 
epoch  in  Sidereal  Astronomy.  Nor  is  this  great  work  remarka- 
ble alone  for  its  copious  and  valuable  lists  of  8112  double  or 
multiple  stars  duly  arranged  in  their  order  of  right  ascension, 
and  2843  of  which  had  not  been  previously  described  by  any 
astronomer,  but  still  more  so  for  a  great  physical  fact  which 
it  announced  for  the  first  time.  In  this  catalogue  it  is  shown 
that  the  closer  classes  of  doubly  stars,  namely,  those  whose 
mutual  distance  is  less  than  4"  exceed  out  of  all  proportion,  not 
only  what  might  be  expected  from  a  calculation  of  chances  on 
the  hypothesis  of  casual  or  optical  juxtaposition,  but  even  in 

?)int  of  numerical  majority,  those  of  either  of  the  other  classes, 
he  existence  of  such  a  fact  affords,  in  the  opinion  of  those 
competent  to  form  it,  a  convincing  proof  of  a  real  physical  con- 
nexion, and  (independently  of  any  question  as  to  orbital  motion) 
places  these  juxtaposed  objects  befons  us,  neither  as  casualties  of 
situation  as  seen  from  the  earth,  nor  as  mere  exceptions  to  a  more 

general  rule  of  isolation,  nor  as  mere  curiosities  of  the  sidereal 
eavens,  but  as  entering  largely  into  the  general  plan  and  con- 
stitution of  the  universe.  Later  observations,  carried  on  both 
by  Mr.  Struve  himself  and  by  others,  with  even  larger  instru- 
ments than  the  great  Dorpat  refractor,  have  confirmea  this  most 
notable  result,  and  have  shown  that  it  is  but  an  ordinary  circum- 
stance to  find  stars  previously  regarded  as  single,  to  be  in  reality 
composed  of  two  very  close  individuals.  It  will  enhance  our 
respect  for  the  memory  of  our  lamented  associate,  and  enable 
us  to  form  some  idea  of  the  labor  and  devotion  required  for  the 
formation  of  this  catalogue,  to  remark  that  in  the  preface  to  the 
Petersburg  Catalogue  it  is  stated  to  have  been  the  result  of  the 
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examination  of  120,000  stars,  and  that  it  was  one  individual  who 
executed  this  examination  with  his  own  eyes  and  hands. 

The  formation  of  this  Catalogue  was,  after  all,  the  commence- 
ment only  of  a  work  of  fisu:  greater  labor  in  this  department  of  as- 
tronomy. Struve's  next  undertaking  was  the  determination  of 
the  angles  of  position,  distances,  magnitudes,  and  colors  of  all  the 
objects  therein  enumerated,  together  with  their  exact  right  ascen- 
sion and  declinations,  each  resulting  from  several  nights'  obser- 
vation. The  results  of  this  immense  undertaking  he  published 
in  the  year  1837  in  a  magnificent  work  entitled,  Stellarum  com- 
positarum  mensuroe  microriietrica^  followed,  in  1852,  by  another 
work,  bearing  the  title,  SleUarum  Jixarum,  imprimis  duplicium  et 
miUiiplicium,  Posiliones  medicBj  with  their  proper  motions  com- 
puted when  practical  from  earlier  observations. 

Another  branch  of  what,  with  some  propriety,  may  be  called 
the  Physique  du  Oiel  sideralj  to  which  Struve  directed  much  of 
his  attention,  was  the  determination  of  the  law  of  density  in  the 
distribution  of  the  stars  with  respect  to  the  plane  of  the  Milky 
Waj..  His  researches  on  this  suDJect  were  not  indeed  published 
until  after  he  had  removed  from  Dorpat,  as  we  shall  speedily 
see,  but  it  is  here,  perhaps,  that  we  can  with  greatest  convenience 
refer  to  the  fact.  The  great  work  which  contains  the  result  of 
his  labors,  is  entitled  Etudes  d^Astronomie  SteUaire^  published  in 
the  year  1847.  By  a  series  of  calculations,  founded  on  the  num- 
ber and  distribution  of  stars  of  sufficient  lustre  to  admit  of  being 
individually  catalogued,  as  well  as  by  the  star-gauges  of  Sir  W. 
Herschel  subjected  to  a  careful  and  systematic  analysis,  he  has 
in  tl^s  work  clearly  shown  that  in  the  northern  hemisphere  at 
least^  (northern,  that  is,  when  referred  to  the  bisection  of  the 
heavens  by  the  Milky  Way)  the  distribution  of  the  stars  exhibits 
a  distinct  and  unequivocal  relation  to  their  angular  distance  from 
the  plane  of  that  sidereal  ecliptic.  Nor  is  this  view  wanting  in 
confirmation.  In  the  same  year  that  Struve  published  his  re- 
searches on  this  great  problem.  Sir  John  Herschel  gave  also  the 
results  of  his  own  investigations  of  the  southern  hemisphere,  and 
the  numerical  expression  obtained  by  him  for  the  gradation  of 
stellar  density  is  singularly  coincident  with  that  resulting  from 
Struve's  investigations  oi  the  northern  heavens.  As  the  two 
results  were  obtained  from  observations  made  with  telescopes 
strictly  comparable,  and  were  each  arrived  at  independently  and 
without  the  knowledge  of  the  other,  it  seems  that  this  great 
physical  generalization  may  be  regarded  as  perfectly  established. 

Such  are  some  of  the  great  results  which  form  the  high  re- 
wards of  Struve's  loyalty  to  his  duties  at  Dorpat  The  year 
1883  brought  a  great  change  in  his  life.  In  the  autumn  of  that 
year  the  Emperor  Nicholas  resolved  to  erect  a  great  central 
observatory  wr  the  empire  of  Eussia ;  it  is  honorable  to  the 
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Czar's  memory  to  record  that  the  suggestion  was  wholly  spon- 
taneous,  and  we  feel  no  surprise  that  our  associate  was  a  most 
influential  member  of  the  commission  entrusted  with  the  execu- 
tion of  the  Emperor's  noble  design.  The  prosecution  of  this 
work  occupied  much  of  Struve's  attention,  and  necessarily  com- 
pelled frequent  and  long  visits  to  the  capital,  until  the  spring  of 
1889,  when  the  building  having  been  completed,  Struve  took  up 
his  permanent  residence  at  Pulkowa  as  director  in  chief  of  the 
Central  Observatory  of  Russia. 

The  creation  of  an  Observatorv  to  be,  from  its  commencement, 
established  for  well-defined  ana  specific  purposes,  distinctly  set 
forth  in  a  formal  document;  and  without  restriction  in  cost,  to 
be  furnished  with  instruments  constructed  by  the  ablest  artists 
who  were  at  the  same  time  encouraged  to  new  efforts,  the  observ- 
atory and  its  ample  staff  being,  at  the  same  time,  munificently 
endowed  with  pecuniary  means  and  all  other  requisite  applian- 
ces, is  a  circumstance  unique  in  the  history  of  science.  Nor 
could  this  magnificent  plan  nave  been  successfully  executed,  had 
not  the  man  been  at  hand  qualified  by  nature  and  experience  to 
organize  and  direct  so  difficult  an  undertaking.  It  is  unneces- 
sary here  to  describe  at  any  length  the  Observatory  of  Pulkowa, 
but  it  would  be  wrong  not  to  refer  to  the  judicious  plan  of  ob- 
servation which  Struve  proposed  to  follow,  so  as  best  to  realize 
the  generous  intentions  of  its  imperial  founder.  Fully  aware  of 
the  incomparable  value  of  the  Greenwich  lunar  and  planetary 
observations,  and  of  its  traditions  in  other  respects,  Struve  deter- 
mined, from  the  first,  to  adopt  a  course  wholly  different  firom 
that  followed  at  our  National  Observatory.  Hence,  observations 
of  the  moon  and  planets  were  to  be  made  on  exceptional  occa- 
sions only,  the  main  strength  and  efforts  of  the  Observatory 
being  directed  to  the  astronomy  and  physics  of  the  sidereal 
heavens.  It  was  proposed,  also,  not  to  publish  an  annual  volume 
of  observations,  but,  after  having  organized  systems  of  specific 
research,  often  of  necessity  extending  through  several  years,  to 
give  the  results  to  the  world  only  when  each  project  was  com- 
pleted, and  then  with  the  name  of  the  particular  observer 
attached.  How  well  this  plan  has  been  executed  the  records 
and  scientific  memoirs  which  have  proceeded  from  Pulkowa 
sufficiently  attest.  And,  lastly,  it  will  not  be  without  its  inter- 
est to  record  that,  in  1844,  when  Struve  published  his  elaborate 
description  of  Pulkowa,  there  were  no  less  than  103  persons,  in- 
cluding the  children,  domiciled  within  the  precincts  of  the 
Observatory.  This  numerous  family  comprised  seven  astrono- 
mers, several  savans  connected  with  the  geodesy  of  the  empire, 
a  secretary,  an  en^eer-in-chief,  a  cabinet-maker,  with  ten  arti- 
sans for  the  repair  of  the  instruments  and  the  furniture,  and 
eight  dischargea  non-commissioned  officers  for  the  service  of  the 


Digitized  by  VjOOQ IC 


Friedrich  Georg  Wilhelm  Stfuve.  153 

place.  Assuredly  it  was  no  ordinary  man  who  could  secure,  as 
btruve  secured,  order  and  good-will  in  so  considerable  and  mul- 
tifarious an  establishment  For  the  endowment  of  this  noble 
institution  the  Emperor  of  Russia,  with  truly  imperial  generosity, 
assigned  no  less  a  sum  than  ten  thousand  pounds  per  annum. 
The  servant  was  worthy  of  the  master. 

Meanwhile,  and  for  nearly  half  a  century,  extending  almost 
throughout  our  venerated  associate's  directorships  both  at  Dorpat 
and  at  Pulkowa,  run  continuously  the  gigantic  operations  con- 
nected with  the  measurement  of  the  Russian  and  Scandinavian 
Arc  of  Meridian,  and  the  Trigonometrical  Survey  of  the  enor- 
mous Russian  empire.  The  genius  of  Struve  presided  over  this 
vast  undertaking,  ever  devising,  co-operating,  and  not  seldom 
working  with  his  own  hands  £^nd  eyes,  and  on  more  than  one 
occasion  amidst  ice  and  snow.  This  arc  of  meridian,  extending 
through  25°  20',  from  Ismail  at  the  mouths  of  the  Danube  to 
Fuglenaes  on  the  Arctic  Ocean,  exceeds  in  magnitude  even  our 
own  Indian  arc,  from  Cape  Comorin  to  the  Himalayas,  the  execu- 
tion of  which  alone,  and  with  no  other  work,  has  been  sufficient 
to  raise  the  fame  and  exhaust  the  labors  of  Lambton  and  Everest. 
Some  idea  may  be  formed  of  the  amount  and  variety  of 
Struve's  occupations  at  this  time  from  the  following  quotation 
from  his  great  work  on  the  subject  of  this  very  arc.  Speaking 
of  that  portion  which  runs  through  Livland,  he  says : — "  Un- 
doubtedly I  could  have  completed  this  work  long  before,  had  it 
been  the  sole  object  of  my  scientific  duties ;  but,  in  1821,  Reich- 
enbach's  meridian  circle  arrived  at  Dorpat,  and  at  length,  in 
1824,  I  was  put  in  possession  of  Fraunhofer's  magnificent  equa- 
torial, ordered  since  1820,  and  I  thought  that  my  first  duties 
Eointed  to  the  immediate  use  of  these  exquisite  instruments, 
[ence,  I  did  not  consider  myself  authorized  to  absent  myself 
from  Dorpat  for  more  than  a  few  weeks'  work  at  a  time  in  geode- 
tical  proceedings.  And  I  think  that  I  ought  here  to  explain, 
that  between  1821  and  1827  (which  period  embraces  the  field- 
work  of  the  Baltic  arc),  I  made,  reduced,  and  published  without 
any  assistance,  the  meridian  observations  recorded  in  volumes 
III,  IV,  V,  VI,  of  the  Dorpat  Annals ;  at  the  same  time  I  also 
finished  the  revision  of  the  survey  of  the  heavens,  which  ftir- 
nished  the  Calalogus  novus  Sullarum  duplicium,  published  in  1827; 
and  besides  this  I  had  to  give  an  annual  course  of  lectures  on 
Astronomy  to  the  University,  and  of  Geodesy  to  the  Imperial 
staff." 

Such  labors,  great  as  they  were,  are  not  now  referred  to  as 
being  by  any  means  without  their  parallel  among  scientific  men ; 
on  the  contrary,  they  form  the  rule  rather  than  the  exception ; 
but  they  are  mentioned  here  because  they  may  well  serve  to  re- 
mind us,  that  such  is  the  cost  at  which  our  knowledge  is 
Am.  Joub.  Sol— Sbcond  Sbbibs,  Vol.  XL,  N9. 119.— Sept.,  1865. 
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advanced,  and  for  which  alone  the  world  accords  imperishable 
&me  to  her  sons. 

Struve  visited  England  on  four  different  occasions.  The  first 
time  was  in  1830^  when  it  so  happened,  that  a  committee  was 
sitting  for  the  improvement  of  tne  Nautical  Ahnanac  ;  he  was 
invited  to  assist  in  its  deliberations,  and  by  his  ability  and  excel- 
lent temper  contributed  toward  bringing  its  labors  to  a  success- 
ful conclusion.  In  1844  he  came  to  England  for  the  purpose  of 
determining  the  difference  of  longitude  between  the  Observato- 
ries of  Pulkowa  and  Greenwich.  A  step  had  already  been  taken 
toward  the  com})letion  of  that  important  but  difficult  operation, 
by  ascertaining,  in  1848,  the  difference  of  longitude  between 
Pulkowa  and  Altona.  In  those  days, — it  may  seem  strange 
indeed,  that  we  naturally  fall  into  such  expressions  while  speak- 
ing of  but  twenty  years  ago,  but  the  amazing  advances,  which, 
during  that  short  interval,  have  been  made  in  the  application  of 
science  to  art,  justify  the  terras — in  those  days,  the  only  known 
method  existing  for  the  exact  determination  of  differences  of 
longitude  between  two  geographical  positions,  was  by  the  repeat- 
ed transmission  of  many  chronometers  from  one  place  to  the 
other.  Hence^  it  was  necessary  for  Struve  to  organize,  and  per- 
sonally superintend,  a  series  of  chronometric  expeditions,  first 
between  Pulkowa  and  Altona,  and  then  between  Altona  and 
Greenwich.  In  the  former  expedition  not  less  than  sixty-eight 
chronometers  were  sixteen  times  carried  across  the  Baltic ;  and 
in  the  latter,  forty-two  chronometers  passed  sixteen  times  over 
the  German  Ocean  and  the  Thames.  In  the  present  day,  owing 
to  the  combined  labors  of  Oersted  and  Wheatstone,*  all  this 
tedious  and  cumbersome  operation  is  replaced  by  the  mere 
automatic  action  of  the  clock  itself,  whereby  a  series  of  metallic 
contacts  are  made,  conveying  the  precise  time,  to  the  small  frac- 
tion of  a  second,  through  the  electric  wire  to  an  observer  wai^ 
ing  in  quietness  for  the  expected  signals  at  some  distant  place. 
All  honor  be  to  Struve,  and  to  others  like  him,  who,  toiling 
along  rivers  and  seas,  and  without  our  wonderful  appliances,  by 
patient  genius  obtained  results  comparable  in  accuracy  with  our 
own."  Nor  may  we  here  omit  the  mention  of  an  incident  which 
exhibits  in  a  characteristic  manner  the  true  greatness  of  Struve's 
mind.  After  he  had  successfully  completed  the  very  trouble- 
some operation  before  alluded  to,  and  when  it  had  become  neces- 
sary to  arrange  and  publish  the  result,  for  geographical  and 
other  purposes,  the  question  arose,  shall  the  astronomical  prece- 

'  Some  American  names  are  here  omitted. — Eds.  J.  Sot. 

'  Id  1844  the  Astrooomer  Royal  determined  the  loogitade  of  ValeDtia,  in  the 
west  of  Ireland,  to  be  41m.  98*67  W.,  bj  means  of  ten  transits  <of  thirty  pocket 
chronometers  to  and  fru.  In  1862  the  longitude  of  the  same  place  was  re-determ- 
ined bj  galvanic  signals  given  by  the  clock  itself,  and  the  final  result  was  41m.  9r81 
W.l— iftrm.  R.AtU  Soe.t  Tol.  xzxii. 
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dence  attached  to  tbe  first  meridian  of  longitude  be  assigned  to 
Pulkowa  or  to  Greenwich?  Thwe  could  be  no  doubt  that 
Strave's  heart  was  in  Russia,  rather  than  in  England,  and  we  have 
already  seen  how  in  external  magnificence  Pulkowa  utterly 
eclipsed  the  unpretending  buildings  at  Greenwich ;  but  Struve, 
like  a  true  astronomer,  remembered  the  long  line  of  illustrious 
men  who  had  toiled  at  Greenwich,  the  old- traditions  of  Flam- 
steed,  and  Halley,  and  Bradley,  and  to  Greenwich  he  assigned 
the  astronomical  precedence. 

Struve  was  in  this  country  again  in  1847.  This  time,  the  main 
oligect  of  his  visit  was  to  carry  back  with  him  to  Russia  one  of 
the  two  standard  bars  used  in  the  great  Indian  Survey,  and 
without  which  it  was  impossible  to  utilize  and  connect  the 
measurement  of  the  Indian  arc,  with  that  of  the  still  greater 
Russian  and  Scandinavian  arc  just  completed.  On  this  occasion, 
he  joined  the  British  Association,  which  that  year  fortunately 
assembled  at  Oxford,  and  it  was  thus  that  Struve  either  acquired 
or  consolidated  that  strong  personal  regard  which  united  him,  in 
a  peculiar  degree,  with  the  principal  scientific  men  of  England 
in  almost  every  branch,  rerhaps  it  may  be  allowable  for  the 
writer  to  record  that  his  first  acquaintance  with  this  most  amia- 
ble man  was  made  at  this  period  when,  at  the  house  of  Sir  John 
Herschel,  and  not  long  after  the  memorable  discovery  of  Neptune, 
he,  for  a  few  days,  was  permitted  to  associate  with  a  phalanx  of 
scientific  veterans  rarely  assembled  in  one  spot, — Adams,  Airy, 
Herschel,  Leverrier,  and  Struve^  forming  the  list 

Ten  years  later,  viz.  1857,  found  Struve  in  England  for  the 
last  time.  He  had  never  failed  in  public  documents  and  in  pri- 
vate communications  to  speak  in  affectionate  terms  of  the  ready 
aid  and  hospitality  which  he  had  received  at  the  hands  of  the 
present  Astronomer  Royal,  Mr.  Airy.  His  headquarters  were, 
therefore,  again  as  of  old,  at  Greenwich.  But  now,  though  in 
his  sixty-fourth  year,  the  indomitable  energy  and  the  genius  of 
work  in  the  man  brought  him  thither  on  a  project  of  still  greater 
magnitude  than  the  arc  of  meridian  which  he  had  just  completed. 
In  early  youth,  while  honorably  supporting  himself  in  Livland 
as  tutor  in  the  family  of  the  De  Bergs,  he  had  cast  a  wistful  eye 
over  the  level  tracts  which  north  and  south,  east  and  west,  are 
a  characteristic  feature  of  European  Russia.  Our  great  country- 
man. Dr.  Arnold,  used  to  say,  with  but  slight  exaggeration,  that 
there  was  scarcely  a  hill  between  Rugby  and  the  Ural  mountains 
to  shelter  him  from  the  east  wind.  Arnold  observed  this  with 
the  eye  of  a  geographer ;  Struve  knew  it,  and  utilized  it  as  an 
astronomer.*    No  sooner  then  was  the  Russian  and  Scandinavian 

'  strove  remarks  that,  along  the  arc  between  the  mQuths  of  the  Danube  and  the 
Arctic  Sea,  there  is  do  hill  1200  feet  high.  Over  a  great  portion  of  it  the  countiy 
is  so  level  and  wooded  that  it  was  often  necessary  to  erect  lofty  scaffolds  in  ord^ 
to  see  the  necessary  signals. 
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arc  from  north  to  south  completed,  than  Struve  set  to  work  to 
organize  and  arrange  the  measurement  of  an  arc  of  parallel 
from  east  to  west,  of  still  more  gigantic  dimensions.  He  pro- 
posed to  extend  it  throughout  the  entire  breath  of  Europe ;  n-om 
Orsk,  at  the  foot  of  the  Ural  Mountains,  to  Valentia,  at  the 
western  extremity  of  Ireland,  ranging  over  perhaps  a  twelfth 
part  of  the  equatorial  circumference  of  the  earth.  The  opera- 
tions for  measuring  this  arc  would  necessarily  lie  in  many  lands ; 
and,  perhaps,  this  man  of  no  jealousies  was,  if  not  the  only  man, 
at  least  the  one  best  fitted  to  negotiate  with  the  various  govern- 
ments, and  men  in  high  office,  both  in  state  and  science,  without 
whose  concurrence  and  aid  the  execution  of  the  vast  project  was 
impossible.  The  Emperor  of  the  French  and  other  state  officials 
received  Struve  with  especial  distinction.  It  was  to  arrange  for 
the  prosecution  of  that  portion  of  the  arc  of  parallel  which  lies 
in  England  and  Ireland,  and  also  of  that  part  which  connects 
England  with  Belgium,  that  Struve  now  came  to  Greenwich. 
In  this  country  he  was  warmly  seconded  by  our  own  govern- 
ment, by  Mr.  Airy,  Colonel  Sir  Henry  James,  Captain  Clarke, 
and  other  savans  connected  with  the  geodesy  of  Great  Britain. 
It  is  sometimes  accorded  by  a  divine  providence,  wiser  than  our- 
selves, that  a  man  at  the  age  of  sixty-four  may  arrange  and  even 
commence  so  vast  a  plan,  but  it  is  not  granted  that  he  may  com- 
plete it.  So  Struve  labored,  but  it  is  for  other  men  to  enter  into 
his  labors.  In  the  following  year,  1858,  came  the  first  attack  of 
a  cruel  malady,  which  might  have  warned  him  that  his  active 
labors  were  drawing  to  a  close.  When,  however,  he  could  no 
longer  take  the  field  and  observe,  we  are  informed  on  the  best 
authority,  that  he  would  sit  at  his  writing-table  for  fourteen  or 
fifteen  hours  in  the  day,  endeavoring  to  further  with  his  pen 
that  great  undertaking  which  he  could  not  assist  with  his  hands. 
Before  concluding  our  estimate  of  the  permanent  results  of 
Struve's  labors  on  the  advancement  of  astronomy,  it  is  necessary 
to  observe  that  the  data  for  our  more  accurate  knowledge  of  the 
constants  of  precession,  nutation,  and  aberration,  as  now  gener- 
ally adopted  by  astronomers,  were  furnished  by  observations 
made  by  himself  or  under  his  immediate  direction,  in  the  inter- 
val between  1822  and  1841.  Again,  in  addition  to  his  discovery 
of  the  existence  of  a  law  in  the  distribution  of  stars  in  space  and 
in  the  proximities  of  multiple  stars,  of  which  we  have  already 
spoken,  for  Struve  may  properly  be  claimed  what  Sir  John 
Herschel  happily  terms  "the  first  impression  that  was  made"* 
on  the  general  problem  of  the  distances  of  the  fixed  stars  from 
the  Sun.  It  was  humiliating  to  the  astronomer  (nay^  he  had 
almost  acquiesced  in  the  belief  that  for  wise  purposes  it  was 
designedly  so)  to  think  that  an  innumerable  multitude  of  bright 
*  Address  qf  Sir  Jolm  Herschel  to  ^e  Royal  Astronomictil  Society,  1841. 
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ohgeets,  which  he  could  not  do  otherwise  than  regard  as  worlds, 
were  within  his  sight,  yet  beyond  the  reach  of  his  geometry  to 
measure.  Our  associate,  however,  resolved  to  determine,  if 
determined  it  could  be,  whether  this  limit  had  actually  been  set 
to  the  bounds  of  human  knowledge,  and  in  the  years  1819-21 
he  succeeded,  by  sagacious  and  diligent  observations  of  27  cir- 
cumpolar  stars,  in  showing,  bejrond  a  doubt,  that  certain  indica- 
tions of  parallax  existed  suflScient  to  encourage  further  efforts 
with  more  adequate  instrumental  means  than  he  at  that  time 
I)08se8sed.  The  history  of  the  definite  settlement  of  the  ques- 
tion of  stellar  parallax  is  not  a  little  curious,  and  Struve's  part 
in  it  is  sufficiently  conspicuous.  Our  countrvman  Henderson,  in 
1831-2,  at  the  Cape  of  Good  Hope,  observed  «  Centauri  with  the 
mural  circle,  and  on  his  return  to  England  shortly  afterward 
deduced  a  parallax  of  about  1''  for  that  remarkable  star.  Struve 
at  Dorpat,  from  micrometrieal  measurement  made  with  Fraun- 
hofer^s  instrument  in  the  years  1835-8,  obtained  a  parallax  for  « 
LyrcR,  amounting  to  0"'261.  Nevertheless,  astronomers,  after 
their  manner  of  most  rigid  and  impartial  scrutiny,  decided  that 
possibly  the  shadow  of  a  doubt  rested  upon  both  these  sets  of 
observations,  and  resolved  to  wait  for  the  results  of  fresh  mea*- 
surements.  Meanwhile,  Bessel  a  year  after,  and  from  observa- 
tions made  with  the  great  Heliometer  at  Konigsberg,  deduced  a 
parallax  of  0"-348  for  61  Oygni,  such  as  to  be  wholly  beyond  the 
reach  of  cavil.  Subsequently  Peters  confirmed  Henderson's 
result  of  the  existence  of  a  parallax  in  a  Centauri^  and  M.  O. 
Struve  vindicated  the  general  truth  of  his  father's  deductions. 
Such,  then,  is  the  share  which  must  be  assigned  to  our  associate 
in  the  determination  of  this  most  interesting,  but  difficult  cosmic 
cal  question. 

Nor  must  we  pass  over  our  late  associate's  Description  cfe 
V  Observatoire  Central  de  Poulkova  given  to  the  world  in  1847. 
It  would  be  but  an  obvious  and  inadequate  remark  simply  to 
say  that  this  is  the  most  sumptuous  and  complete  work  ever 
published  on  the  description  of  an  observatory,  its  instruments 
and  its  arrangements;  and  a  monument  to  the  enlightened 
generosity  of  the  Eussian  government,  who  defrayed  the  cost  of 
its  publication.  A  perusal  of  it  can  scarcely  fail  to  kindle  the 
admiration  of  every  one  who  is  endued  with  a  taste  for  practical 
astronomy.  What  is  of  far  more  importance,  almost  every  page 
indicates  the  perfect  mastery  of  the  author  over  the  instruments 
which  he  thus  admirably  describes,  and  attests  the  scrupulous 
care  with  which  he  attended  to  the  minutest  circumstances  which 
could  in  any  way  contribute  to  the  accuracy  of  their  construe^ 
tion,  or  of  the  mode  of  handling  them.  Happily  this  most  im- 
portant work  has  on  several  occasions  served  as  a  guide  for 
Duilding  and  organizing  other  observatories  on  the  continent  of 
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Europe.  But  while  we  are  bound,  in  tbe  interests  of  scientific 
truth,  to  speak  thus  respectfully  of  this  truly  admirable  work, 
and  of  the  Observatory  which  it  describes,  it  is  impossible  for  us 
not  to  turn  our  thoughts  for  a  moment  to  our  own  National 
Observatory  and  to  its  present  able  Director ;  not  indeed  ifi  the 
spirit  of  contrast  or  comparison,  but  solely  in  the  spirit  of  duty. 
Since  the  establishment  of  Pulkowa,  Greenwich  also  has  been 
furnished  with  instruments,  entirely  new,  wholly  devised  by  the 
Astronomer  Royal,  and  constructed  entirely  under  his  superin- 
tendence. These  instruments  differ  greatly  from  those  erected  at 
Pulkowa,  as  might  be  expected  from  the  difference  of  genius 
with  which  the  two  nations  are  inspired ;  but  if  the  descriptions 
of  these  admirable  instruments  were  collected  from  the  several 
monographs  in  which  they  are  dispersed,  they  would  form  a 
volume  every  way  worthy  of  being  a  companion  volume  to 
Struve's  grand  description  of  the  great  Russian  Observatory. 

Nor  are  the  names  of  our  great  artists,  Dolland,  Ranisden, 
Troughton,  Sinims,  and  Cooke,  in  any  respect  unworthy  to  be 
placed  side  by  side  with  Fraunhofer,  Ertel,  Reichenbach,  Rep- 
sold,  Mertz,  Cauehoix,  Secretan,  and  others.  In  the  great  Al- 
hambra  of  Science  there  are  niches  for  them  alL  In  gladly 
awarding  our  meed  of  thankful  acknowledgment  to  the  memory 
of  Struve,  and  to  the  astronomical  mechanicians  who  so  ably 
assisted  him,  we  have  felt  it  our  duty  to  say  a  word  of  what  is 
due  to  the  genius  of  their  fellow-laborers  in  England.  In  so 
doing  we  are  here  claiming  no  preeminence  nor  asserting  any 
priority ;  invidious  comparisons,  if  at  all  and  anywhere  out  of 

f)lace,  would  be  preeminently  so  in  a  memorial  notice  of  a  man 
ike  Struve,  for  it  was  one  of  the  characteristic  features  of  that 
great  man's  life  that,  although  often  provoked,  he  was  never 
known  to  contest  a  scientific  priority ;  such  contests,  he  said, 
were  not  only  destructive  of  the  peace  of  a  philosopher's  mind 
but  highly  prejudicial  to  the  interests  of  science. 

Struve  was,  as  might  be  suggested  by  his  labors,  a  man  of 
uncommon  physical  strength,  greatly  corroborated,  as  he  believed, 
by  gymnastic  exercises  in  youth :  until  the  first  attacks  of  his 
painful  malady  in  1858,  of  which  we  have  already  spoken,  and 
which  ultimately  brought  him  to  the  grave,  he  used  to  say  that 
he  had  never  known  what  illness  was.*  By  the  advice  of  his 
physicians  he  was  at  length  induced  to  cease,  at  least  temporarily, 
from  his  incessant  work,  and  travel  through  Europe  for  the 
restoration  of  his  health  ■:  that  result  was  not  to  be ;  as  in  other 
eases,  so  in  his,  it  was  too  late.  In  Struve's  illness  there  occur- 
red a  phenomenon  which,  though  at  the  time  supposed  to  be 

^  This  is  not  quite  strictly  correct.  Struvo  used  to  saj,  with  an  easy  pleasantry, 
that  Fraunhofer  s  poblo  instrument  was  rightly  named  the  Great  Refract<n\  for  he 
and  his  friend  Schuqiadier  had  each  broken  a  leg  while  using  it. 
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extremely  singular,  is  not  altogether  uncommon.  When  he  be- 
gan to  recover  from  exhaustion  occasioned  by  the  first  attack  of 
his  malady,  his  memory^  for  all  events  of  recent  occurrence, 
wholly  failed  him ;  while,  at  the  same  time,  it  exhibited  its  usual, 
or  even  increased  tenacity  in  things  long  since  passed  away.  On 
such  occasions  he  would  seem  to  be  living  wholly  in  the  scenes 
of  the  past,  reciting  passages  in  Greek,  Latin,  or  Hebrew,  and 
speaking  in  some  of  those  many  dialects  in  which  he  had  learned 
to  converse  in  his  youth.  In  the  midst,  however,  of  this  vivid 
resuscitation  of  the  past,  co-existing  with  the  temporary  oblivion 
of  all  recent  associations,  it  is  a  touchingly  suggestive  circum- 
stance to  record  that  he  never  forgot  the  face  of  a  friend. 

At  length,  reluctant  to  continue  as  the  nominal  head  of  a  great 
establishment,  which  he  no  longer  felt  himself  able  personally  to 
direct,  in  December,  1861,  he  requested  permission  to  resign  his 
post.  This  permission  was  granted,  accompanied,  among  other 
special  marxs  of  honor,  with  the  grant  of  an  hereditary  estate  by 
his  sovereign ;  and  thus  the  Observatory  of  Pulkowa  passed  to 
the  directorship  of  his  worthy  son,  Mr.  Otto  Struve.  That  the 
mantle  of  the  father  may  descend  upon  the  son  is  the  undoubt- 
ing  hope  and  expectation  of  all  who  are  interested  in  the  science 
of  astronomy. 

On  the  19th  of  August,  1864,  a  quarter  o£  a  century  having 
now  elapsed  since  the  inauguration  of  the  Observatory,  a  great 
gathering  of  astronomers  from  all  parts  of  Europe  assembled  at 
Pulkowa,  to  pay  their  respects,  and,  as  it  proved,  their  last  res- 
pects, to  the  man  whose  character  and  talents  had  shed  a  lustre 
even  on  the  noble  science  of  their  common  pursuit.  Among 
those  present  on  this  happy  occasion  was  the  President  of  our 
own  Society;  of  the  others  many  had  been  Struve's  astronomi- 
cal pupils  in  former  days,  but  now  they  occupied  high  and 
responsible  positions  of  their  own ;  from  the  former  we  learn 
how  the  venerable  old  man,  now  in  his  72nd  year,  shook  off  for 
a  time  the  bodily  feebleness  to  which  his  unceasing  malady  had 
reduced  him,  and  assuming  the  animation  of  younger  years, 
thanked  those  around  him  for  the  affection  which  had  brought 
them  together,  and  acknowledged  the  kindness  and  cooperation 
which,  through  a  long  life,  he  had  met  with  in  the  prosecution 
of  his  labors.  But  what  at  Pulkowa,  on  this  and  on  other  occa- 
sions, struck  our  President  the  most,  even  among  the  many  other 
remarkable  features  of  that  imperial  establishment,  was  the 
oneness  of  purpose,  mutual  confidence,  and  friendliness  of  inter- 
course, which  there  seemed  to  have  found  an  especial  home. 
We  could  fondly  believe  that  it  was  thus  ordained  for  the  old 
astronomer  to  die,  like  a  patriarch,  in  the  midst  of  his  children, 
for  within  a  few  weeks  ot  that  memorable  jubilee,  on  the  28rd 
of  November,  1864,  Struve  was  called  to  his  rest. 
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Struve  was  twice  married :  his  first  wife  was  a  Gennan  lady, 
Emilia  Wall^  by  whom  he  had  twelve  children,  of  these  eight 
survive ;  his  second  wife,  now  his  widow,  was  the  daughter  of 
his  old  colleague,  Bartels,  at  Dorpat ;  by  her  he  had  issue  six 
children,  and  of  these  four  are  still  living.  It  may  be  interest- 
ing here  to  state  that,  notwithstanding  the  multiplicity  and 
engrossing  character  of  Struve's  occupations,  he  always  found 
time  personally,  and  with  affectionate  concern,  to  superintend 
the  education  of  his  children. 

Such  are  the  records  of  this  great  man's  life,  so  far,  at  least, 
as  they  are  suited  to  a  memoir  like  the  present.  Whatever  is 
mortal  of  Wilhelm  Struve  rests  in  the  churchyard  attached  to 
the  beloved  institution  which  he  so  long  adorned.  His  grave 
lies  under  the  shadow  of  its  domes,  and  was  selected  by  himself: 
but  it  is  not  these  domes  alone  which  constitute  his  monument ; 
the  spirit  of  the  man  still  breathes  in  the  zeal,  the  labors,  the 
unanimity,  which  survive  the  master,  and  reign  within  them. 
That  spirit  will  be  reproduced  again  and  again  in  future  ages 
when  other  men,  animated  by  the  story  of  his  example,  shall 
endeavor  to  follow  his  steps.  c.  p. 


Art.  XVI. — Experiments  with  the  Ammonium  Amalgam, ;  by 
Charles  M.  Wetherill,  Ph.D.,  M.D. 

The  existence  of  the  hjrpothetical  radical  NH^  depends  less 
upon  the  characteristics  of  its  so-called  amalgam  than  upon 
the  parallelism  of  its  salts  with  those  of  the  alkalies.  If,  firom 
these  analogies,  we  accept  the  metallic  nature  of  ammonium,  it 
will  be  difficult  to  avoid  assigning  a  similar  character  to  the  rad- 
icals of  all  of  the  organic  bases ;  and  especially  to  those  which, 
like  the  compound  ammonias,  have  an  alkaline  reaction  and 
possess  physical  and  chemical  properties  so  like  ammonia. 

If  such  be  the  inference,  we  must  admit  numerous  compound 
metals,  which  exists  only  in  certain  states  of  combination  of 
their  elements.  The  assumption  of  the  elementary  nature  of 
a  metal  is  destroyed  and  the  ideas  of  the  alchemists  are  re- 
vived ;  for  if  NH4  be  a  metal  and  NH^  be  not  one,  why  may 
not  other  metals,  esteemed  elements,  be  also  compounds. 

In  examining  the  so-called  ammonium  amalgam  one  is  inter- 
ested at  the  great  resemblance  -which  it  bears  to  the  amalgams 
proper  in  its  physical  properties.  The  mercurjr  has  lost  its  flu- 
idity or  mobility,  and,  at  the  same  time,  its  relations  of  cohesion 
and  adhesion  are  very  sensibly  altered.  It  no  longer  coheres 
powerfully ;  but  adheres  to,  or  wets,  platinum,  iron  and  other 
metals,  like  the  potassium  or  sodium  amalgam.    When  left  to 


Digitized  by  VjOOQ IC 


C  M.  Wetherill — Experiments  with  Ammonium  At 

itself,  the  swollen  mass  shrinks,  and  gradually  resoh 
NH3(NH^0)  H  and  Hg,  because  (as  it  is  usually  exp 
has  a  great  tendency  to  fall  apart  into  NH3  and  H. 
nation  might  be  satisfactory  when  applied  to  the 
isolating  iNH^,  as  from  any  of  its  salts ;  but  is  not  s 
before  us. 

If  ammonium  falls  apart  thus  readily  in  the  pres( 
cury,  why  does  it  combine  with  it  at  all  to  be  dec 
the  very  act  of  union  ?  If  it  be  said  that  in  NH^  ] 
haASo  great  a  capacity  for  oxydation  that  it  at  once 
water,  with  the  formation  of  NH^OandH;  still 
NH^  unite  with  the  mercury,  which  is  not  as  near  i 
least  no  nearer  than^  the  water  ?  In  reflecting  upon 
enon,  I  conceived  the  idea  that  there  is  really  no 
ammonium  formed ;  but,  in  the  reaction,  the  sodium 
the  water,  evolving  hydrogen,  and  forming  caustic 
in  its  turn  sets  free  ammonia  from  the  chlorid,  the  i 
ing  also  liberated.  Thus  NH,Cl+HO+HgNa=l 
NaCl-f  Hg.  At  the  same  time  the  molecules  of  t 
altered  in  their  capacity  for  cohesion  by  catalysis 
atoms,  or  some  unknown  cause,  so  that  the  bubbles  c 
tained,  and  swelling  takes  place. 

Without  the  assumption  of  an  unknown  cause,  t 
may  be  accounted  for  by  admitting  that  the  evoli 
brings  portions  of  the  sodium  amalgam  out  of  cont 
solution,  and  the  mass  thus  remains  pasty  enough  1 
gas  bubbles  of  hydrogen  and  ammonia  for  a  while, 
ing  may  subside  by  reason  of  the  final  oxydation  of 
soaium  amalgam. 

By  the  kindness  of  Professor  Henry,  the  opportui 
laboratory  of  the  Smithsonian  Institution  were  affc 
the  winter  of  1863-4,  to  perform  the  following  exper 
this  subject. 

The  ammonium  amalgams  were  obtained  by  the 
the  sodium  amalgam,  which  was  itself  prepared  by  w 
tilled  mercury  and  projecting  sodium  therein.  By  "^ 
proportion  of  mercury,  the  sodium  amalgam  was  obt 
quite  fluid,  pasty,  in  acicular  crystals,  or  quite  hard 
monium  amalgam  was  prepared  from  all  of  these 
when  a  hard  amalgam  was  used  in  the  experiment, 
nium  amalgam  formed  upon  the  surface  of  the  lum 
ceeded  gradually  to  the  inside,  and  the  swelling  was] 
at  the  close  of  the  reaction.  The  more  fluid  the  so 
gam  was,  the  more  readily  did  the  swelling  take  plac 
Ex.  1*^.  Sodium  amalgam  projected  into  dilute  e 
sulphuric  or  hydrochloric  acids,  or  into  an  aqueous 
potassa,  decomposes  water,  but  not  violently.  The  m< 
Am.  Joxtb.  Sci.— Sboond  Sbbibs,  Vol.  XL,  No.  119.— Sept.,  1865 
31 


Digitized  by  VjOOQ IC 


162   C  M.  Wetherill — Experiments  with  Ammonium  Amalgam. 

not  swell,  but  this  phenomenon  takes  place  immediately  if  a  little 
solution  of  sal-ammoniac  be  added.  It  is  not,  therefore,  merely 
hydrogen,  (itself  a  hypothetical  metal),  in  the  nascent  state  whicn 
occasions  the  swelling. 

Ex.  2^.  Sodium  amalgam  in  a  solution  of  ammonia  decomposes 
water  without  swelling ;  but  this  phenomenon  ensues  immedi- 
ately if  a  drop  of  sulphuric  or  hydrochloric  acid  be  added* 
Hence,  hydrogen  in  the  nascent  state  and  ammonia  in  the  condi- 
tion of  stabh  equilibrium  do  not  produce  the  swelling.  To  effect 
this  the  ammonia  itself  must  also  be  nascent. 

Ex.  3^.  When  the  ammonium  amalgam  is  made  in  a  test  tube 
containing  a  thermometer,  a  rise  of  tenaperature  of  from  2^  to 
8°  C.  is  indicated  during  the  swelling.  The  temperature  fells  at 
the  completion  of  the  swelling.  If  the  turgidity  subsides  by 
reason  of  the  great  affinitjr  of  NH^  for  the  oxygen  of  the  water, 
decomposing  tne  latter  with  the  evolution  of  hydrogen,  an  ele- 
vation of  temperature  ought  to  be  maintained  until  the  NH^ 
has  become  converted  into  NH^O. 

Ex.  4^.  If  a  test  tube  be  filled  with  a  solution  of  sal-ammo- 
niac, inverted  in  a  capsule  containing  the  same  salt,  and  a  piece 
of  sodium  amalgam  be  introduced  under  the  test  tube,  the  am- 
monium amalgam  is  at  once  generated,  with  the  constant  evolu- 
tion of  hydrogen  gas ;  the  porous  amalgam  floats  up  to  the  sur- 
fece  of  the  liquid,  and,  subsiding  after  a  while,  gradually  returns 
to  mercury.  From  the  time  that  the  swelling  is  at  its  maximum 
until  the  mercury  is  restored  to  its  pristine  condition,  there  is 
but  trifling  increase  of  the  volume  oi  the  gas,  and  this  increase 
appears  to  be  due  to  the  minute  particles  of  sodium  amalgam 
which  have  been  brought  out  of  contact  with  the  sal-ammoniac 
by  reason  of  the  turgescence.  None  of  the  gas  in  the  test  tube 
is  absorbable  by  water ;  it  is  all  hydrogen,  and  the  sal-ammo- 
niac remaining  reacts  strongly  alkahne.  The  same  phenomenon 
takes  place  when  the  amalgam  is  formed  in  a  solution  of  sal-am- 
moniac in  a  capsule  under  a  layer  of  naphtha.  The  presence  of 
air,  therefore,  has  no  part  in  the  subsidence  of  the  swelled  mass. 

Ex.  6^.  When  the  amalgam,  having  again  sunk  to  the  bottom 
of  the  capsule  in  the  last  experiment,  is  pressed  with  the  finger 
against  th^  vessel,  under  the  naphtha,  it  has  at  first  a  pasty  or 
smeary  nature ;  but,  apparently  by  the  expression  of  hydrogen 
gas  from  its  pores,  it  is  very  quickly  restored  to  the  ordinary 
condition  of  mercury. 

Ex.  6^.  When  the  ammonium  amalgam  is  squeezed  through 
a  piece  of  muslin  it  is  immediately^  and  without  change  of  tem- 
perature, or  other  evidence  of  aflinity,  resolved  into  mercury. 

Ex.  7^.  K  a  drop  of  sal-ammoniac  solution  be  plao^  upon  a 
plate  of  glass,  a  lump  of  soft  sodium  amalgam  be  addea,  and 
another  plate  of  glass  be  pressed  upon  the  whole,  the  ammoni- 
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um  amalgam  formed  canoot  swell,  bat  expands  lateral] 
ing  a  reticular  appearaaee  by  reason  of  the  many  ga 
which  in  fact  thus  become  perceptible. 

If  a  lamp  of  ammonium  amalgam,  already  in  th^ 
condition,  be  pressed  between  two  plates  of  glass,  it 
out  into  a  thin  perforated  film  resemoling  lace. 

Ex.  8°.  If  a  piece  of  spongy  platinum  be  heated  a 
into  smelted  sodium  amalgam,  the  latter  fills  the  poi 
platinum  sponge,  and  coats  it  uniformly.  A  piece  of 
pound  in  contact  with  a  solution  of  sal-ammoniac,  ev 
drogen  and  ammonia,  but  does  not  swell ;  nor  does  a  ] 
liquid  mercury,  expressed  from  the  mass,  exhibit  aj 
characters  of  the  ammonium  amalgam.    " 

Ex.  9^.  A  piece  of  ammonium  amalgam  was  wip< 
with  filter  paper  and  placed  in  naphtha.  After  a  lit 
(to  permit  any  adherent  water  to  he  decomposed),  a 
full  of  naphtha  was  inverted  over  it,  the  evolution  of 
gas  continued  as  the  amalgam  shrank,  and  when,  after 
of  an  hour,  the  mereury  was  restored  to  its  usual  co 
bubble  of  gas,  equal  in  volume  to  the  globule  of  mer 
collected. 

Ex.  10°.  If  a  drop  of  sodium  amalgam  be  heated  up 
plate,  then  touched  with  a  drop  of  sal-ammoniac  solu 
once  swells  to  the  full  size  of  an  ammonium  amalga 
would  have  required  several  minutes  if  the  reaction  ] 
place  in  the  cold. 

Ex.  11°.  The  sodium  amalgam  decomposes  cold  w 
comparative  slowness^  in  boiling  water  a  rapid  evoluti 
takes  place,  although  some  time  is  required  to  fully  ox 
sodium.  Boiling  solution  of  aqua  ammonia  acts  lik 
water.  In  none  of  these  cases  does  any  swelling  take 
this  phenomenon  is  manifested  immediately  if  to  th 
aqua  ammonia  a  few  drops  of  carbonate  of  ammonia  b 

Ex.  12°.  The  ammonium  amalgam  is  formed  with  a 
equal  facility,  employing  the  solutions  of  the  foUowii 
nia  salts: — Chlorid,  oxalate,  sulphate,  and  bisulpi 
characteristics  of  the  amalgam  thus  formed  being  ali 
reaction  with  bi-sulphate  of  ammonia  is  instructive, 
the  formation  of  the  amalgam  in  the  presence  of  an  a 
facilitates  the  decomposition  of  water  by  certain  met 
piece  of  reddened  litmus  paper  be  saturated  with  solut 
sulphate  of  ammonia,  and  a  pieqe  of  sodium  amalgam 
pea  thereupon,  the  formation  of  the  ammonium  amal( 
place  as  usual,  and  the  evolution  of  the  ammonia  n 
the  acid,  producing  an  alkaline  reaction  upon  the  paj 
the  mass. 
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Ex.  13°.  The  ammonium  amalgam  cannot  be  formed  with  so- 
lution of  nitrate  of  ammonia.  With  this  reagent  a  very  rapid 
evolution  of  gas  takes  place,  and  a  globule  of  mercury  remains. 
In  this  reaction  there  are  no  indications  of  hyponitrous  or  ni- 
trous acids,  and  a  drop  of  sulphid  of  ammonium  added  to  the 
resulting  liquid  produces  no  coloration,  except  in  a  film  upon 
the  globule  of  mercury.  If  a  drop  of  fluid  sodium  amalgam  be 
projected  into  a  drop  of  solution  of  sal-ammoniac  upon  a  glass 
plate,  the  ammonium  amalgam  is  formed  rapidly ;  but  a  few 
drops  of  solution  of  nitrate  of  ammonia  poured  upon  the  swelled 
mass,  reduce  it  instantly,  and  without  the  evolutions  of  nitrous 
fumes,  to  the  condition  of  ordinanr  mercury. 

Ex.  14°.  By  the  kindness  of  M.  Carey  Lea,  Esq.,  who  fur^ 
nished  me  with  some  of  the  salt,  I  have  acted  upon  the  sodium 
amalgam  with  solution  of  oxalate  of  methylamine.  A  slight 
turgescenee  is  exhibited  in  this  reaction,  but  not  nearly  to  so 
great  an  extent  as  with  oxalate  of  ammonia.  The  globule  of 
methylamine  amalgam  pressed  between  glass  plates  manifests  a 
reticulated  appearance  from  gas  bubbles,  but  to  a  less  degree 
than  in  the  case  of  ammonia  salts.  Hydrogen  and  methylamine 
are  evolved. 

Ex.  16°.  With  the  battery. — The  ammonium  amalgam  was 
formed  by  the  battery,  using  "different  ammonia  salts  in  contact 
with  mercury  at  the  negative  pole. 

The  general  characteristics  of  the  amalgam  thus  obtained 
were  the  same  as  when  sodium  was  employed. 

With  a  Smee  battery  of  six  pairs,  of  which  each  zinc  plate 
measured  8x6  inches,  the  amalgam  was  obtained  in  small  quan- 
tities ;  but  ten  of  Bunsen's  elements  were  required  to  obtain 
suflScient  to  study  its  properties. 

By  the  electrolysis  of  a  solution  of  sal-ammoniac  contained 
in  a  U  tube,  which  was  furnished  with  a  porus  diaphragm  of 
filter  paper,  decomposition  took  place  rapidly  with  either  of  the 
batteries;  hydrogen  and  ammonia  appearing  at  the  negative 
pole,  and  nitrogen,  chlorine,  and  hydrochloric  acid  at  the  posi- 
tive pole.  No  formation  of  chlorid  of  nitrogen  was  detected 
in  the  reaction. 

The  amalgam  did  not  form  with  mercury  in  the  negative 
branch  of  the  U,  the  decomposition  then  being  the  same  as  with- 
out the  metal. 

The  electrolysis  of  <5arbonate  of  ammonia  yielded  similar  re- 
sults, carbonic  acid  being  evolved. 

With  solution  of  nitrate  of  ammonia  in  a  U  tube,  hydrogen 
and  anmionia  appeared  at  the  negative  pole,  and  nitric  acid  and 
oxygen  at  the  positive  electrode.    A  small  quantity  of  the 

?;ases  collected  at  the  positive  pole  were  absorbed  by  water, 
f  a  globule  of  mercury  be  placed  in  a  cup-like  depression  in  a 
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moistened  lumj)  of  sal-ammoniac  or  carbonate  of  am 
be  connected  with  the  negative  pole,  the  circuit  bein^ 
through  the  salt,  the  ammonium  amalgam  is  formec 
current  is  passing. 

If  a  piece  of  filter  paper  be  placed  upon  a  glass  pi 
moistened  with  a  solution  of  carbonate  of  ammonia 
lumiDS  of  the  salt,  and  if  upon  the  paper  a  globule  < 
be  aeposited,  the  amalgam  is  beautifully  manifested 
current  of  a  ten  cell  Bunsen  battery  is  passing  throuj 
cury  and  paper,  the  metal  being  in  contact  with  tl 
pole.  The  amalgam  swells  out  in  a  dendritic  form, 
ward  the  positive  pole,  and  maintaining  its  conditio 
current  lasts.  Upon  breaking  the  connection  the  sv 
shrinks  gradually.  At  all  times,  until  restored  to  thi 
of  mercury,  the  amalgam  exhibits  numerous  and  i 
bubbles  when  pressed  between  glass  plates. 

If,  during  the  passage  of  the  current,  a  glass  plate 
upon  the  amalgam,  it  is  flattened  into  a  thin  plate  o: 
this  means  the  swelling  is  prevented,  and  the  amma 
gam  is  not  formed.  This  result  appears  to  be  cone 
the  non-existence  of  the  ammonium  amalgam,  for,  il 
should  be  maintained  in  t^film  as  well  as  in  a  globule 
the  current  is  passing. 

The  so-called  ammonium  amalgam  could  not  be 
the  electrolysis  of  nitrate  of  ammonia,  and  a  few  drc 
lution  of  this  salt  causes  the  swelling  to  subside  in 
amalgam  already  formed  by  the  action  of  the  batter 
ammoniac,  or  carbonate  of  ammonia,  in  contact  with 

If  spongy  platinum,  imbued  with  mercury,  be  pla( 
tact  with  the  negative  pole  of  the  battery,  and  the 
passed  through  either  a  solution  of  sal-ammoniac,  or 
Donate  of  ammonia  to  the  positive  pole,  no  swelling  1 
even  though  a  large  globule  of  mercury  adhere  to  tl 
but  violent  ebullition  of  gas  is  manifested. 

This  is  a  very  instructive  experiment.  The  sponj 
num  cannot  act  by  reason  of  fine  pores,  for  they  ai 
with  mercury.  The  prevention  of  the  amalgam  forn 
lie  in  the  nature  of  tne  platinum  itself;  it  is  a  catalj 
tact  action. 

From  these  experiments  it  would  seem  that : — 

1st,  The  so-called  ammonium  amalgam  is  not  an  all 
cury  and  ammonium  ; 

2d,  The  swelling  of  the  mass  in  the  phenomenoi 
the  retention  of  gas  bubbles ;  and, 

8d,  The  coherence  of  the  gases  and  liquids  cc 
changed  from  a  normal  condition,  exhibiting  phenoc 
may  be  classed  with  those  of  catalysis. 
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Art.   XVII. — Gravity  and  Magnetic  Inclination;^    by  Pliny 
Earle  Chase,  M. A.^  S.P.A.S. 

A  SOMEWHAT  critical  survey  of  the  anomalies  presented  by 
the  magnetic  inclination,  to  which  I  referred  in  a  former  article 
(Proc.  Am.  Phil.  Soc,  April  21,  1865),  has  given  me  renewed 
reasons  for  regretting  the  want  of  a  complete  record  of  the  in- 
vestigations on  which  Prof  Secchi  based  his  conclusions,  that  aU 
"  the  phenomena  hitherto  known  of  the  diurnal  magnetic  varia- 
tions may  be  explained  by  supposing  that  the  sun  acts  upoa  the 
earth  as  a  very  powerful  magnet  at  a  great  distance."*  As  I 
know  of  no  magnetic  law  which  will  account  for  those  anomalies, 
I  propose  briefly  to  describe  them,  and  to  point  out  some  rela- 
tions oet  ween  the  gravitation  currents  and  the  d^  of  the  needle, 
as  a  sequel  to  my  papers  on  the  influence  of  gravity  upon  the 
total  magnetic  force  and  the  magnetic  declination. 

Gen.  Sabine's  discussions  have  shown  some  important  points 
of  diflference  between  the  magnetic  disturbances  at  inter-tropical 
and* extra-tropical  stations,  the  Cape  of  Good  Hope  being  mag- 
netically, though  not  geographically,  inter-tropical.  In  the  third 
volume  of  the  Toronto  Observations,  and  in  Prof.  Bache's  discus- 
sions of  the  observations  at  Qirard  College,  projections  of  the 
daily  and  semi-annual  inclination-curves  are  given  ;*  and  Plate 
V,  of  the  second  volume  of  the  Hobarton  Observations,  contains 
a  graphical  representation  of  the  diurnal  variations  of  the  incli- 
nation at  the  different  observation  hours  in  the  four  seasons.  If 
we  also  project,  from  Gen.  Sabine^s  tables  of  the  mean  results, 
the  daily  and  semi-annual  curves  at  St.  Helena  and  Cape  Colony, 
and  compare  the  curves  at  the  five  stations,  it  will  be  found  that, 

1.  The  greatest  daily  disturbance  of  inclination  occurs  about 
noon. 

'  From  the  Proceediogs  of  the  American  Philosophical  Society,  May  19,  1866. 

'  PhiL  Mag.  [4],  iz«  452.  Faraday  (Exp.  Rea,  iii, 493),  sUtes  <*  that  the  celebra- 
ted Prof.  Gazxaniga^  starting  from  his  numerous  experiments,  which  demonstrate  the 
influence  of  magnetism  upon  the  same  aerial  fluids,  in  a  manner,  therefore,  different 
from  that  of  Bancalari,  was  induced  to  consider  the  pun,  and  all  the  other  celestial 
bodies,  as  so  many  enormous  magnets,  by  which  he  established  that  attraction  is 
merely  one  effect  of  the  magnetism  of  the  great  celestial  masses  phiced  at  an  enor- 
mous distance,— an  idea  which  reappeared  in  1840  in  Prussia,  and  in  1847  in 
France." 

While  admitting  the  intimate  relationship  of  magnetism  and  grayity,  I  most  dis- 
sent from  the  learned  Professor's  inference.  For  the  evidence  appears  irresistible, 
that  the  earth*s  magnetism  is  directly  dependent  on  the  terrestrial  gravitation  of  the 
thermally  disturbed  aerial  currents,  and  that  it  is  only  slightly  affected  by  the  per- 
turbations of  solar  and  lunar  gravitation,  so  that  if  we  regard  the  relationship  as  a 
causal  one,  magnetism,  rather  than  attraction,  should  be  considered  as  the  effect 
(See  Gauss,  *"  General  Theory  of  Terrestial  Magnetism,**  §  80, 40;  Taylor's  Scientific 
Memoirs,  ii,  282). 

'  By  the  kindness  of  Pro!  Henry,  T  have  been  permitted  to  refer  to  the  proof- 
sheets  of  the  Fourth  Section  of  Prof.  Bache's  Discussions. 
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2.  At  (magnetically)  inter-tropical  stations,  the  dip  is  dimin- 
ished, but  at  extra-tropical  stations  it  is  increased  in  the  middle 
of  the  day. 

3.  Increasing  temperature  and  increasing  solar  altitude,  aug- 
ment the  inclination  disturbance.  This  is  shown  both  by  the 
diurnal  and  the  semi-annual  curves. 

4.  As  a  corollary  of  propositions  2  and  3,  at  St.  Helena  and 
Cape  of  Good  Hope,  the  mclination-disturbance  is  opposed  to, 
and  subtracted  from  the  normal  dip;  but  at  Philadelphia, 
Toronto,  and  Hobarton,  the  disturbance  is  added  to  the  dip. 
Thus  the  inclination  is 

a  minimum  at  St.  Helena,  at  22-23^ 

"        "  "   Cape  of  Good  Hope,    "    0-  1^. 

"  maximum  *'   Philadelphia,  "  22-  0\ 

"        "  "   Toronto,  "  22-23»>. 

"        "  "   Hobarton,  "  23-  1^. 

Reasoning  either,  a  vriori^  or  from  Secchi's  postulates,  we  might 
naturally  infer  that  tne  ellipticity  of  the  atmosphere  would  be 
increased  by  the  direct  action  of  the  sun,  and  that,  consequently, 
from  the  tendency  of  magnetic  parallelism  to  the  gravitation 
currents,  the  dip  would  be  augmented  at  noon  in  all  places 
between  the  magnetic  ecjuator  and  the  magnetic  poles. 

Mr.  William  Ferrel,  in  his  paper*  which  furnished  the  first 
satisfectory  explanation  of  the  barometric  depression  at  the 
equator  and  at  the  poles,  shows  that  in  consequence  of  the  earth's 
motion  fluids  tend  to  assume  a  form  similar  to  his  Fig.  1  (Math. 
Monthly,  i,  215),  "(Ac  surface  of  the  fluid  being  slightly  depressed 
at  the  equator^  having  its  maximum  height  about  the  parallel  of  35**, 
and  meeting  the  surface  of  the  earth  toward  the  poks.*^  The  direct 
action  of  the  sun,  in  increasing  the  equatorial  ellipticity  of  the 
air,  may  also  increase  the  tendency  to  equatorial  and  polar  de- 

J)ression,  and  the  magnetic  parallelism  may,  therefore,  be  mani- 
ested  in  the  solar-diurnaJ  inclination-disturbance  precisely  as  it  is 
manifested  at  St.  Helena  and  Cape  of  Good  Hope,  by  a  diminu- 
tion of  dip  between  the  parallels  of  35®,  ana  an  increase  in 
higher  latitudes. 

These  coincidences  may  well  suggest  the  need  of  more  exten- 
sive observations  in  diflFerent  parts  of  South  America,  Northern 
Africa,  Southern  Asia,  the  Pacific  Ocean  and  the  Frigid  Zones, 
to  furnish  the  data  for  determining  to  what  extent  mountain 
ranges,  coast  lines,  land  and  water  radiation,  winds,  and  ocean 
currents  modify  the  theoretical  phenomena  of  dip  and  declination. 

*  '*Tbe  motions  of  fluids  and  solids  relativ*  to  the  earth's  surface.**  See  Nash- 
ville Journal  of  Medicine  and  Surgery  for  1866,  and  Mathematical  Monthly  for  1859» 
i,  140,  sqq. 
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By  projecting  on  isoclinal  and  isogonic  charts*  the  magnetic 
currents  as  indicated  by  the  position  of  the  needle  in  different 
portions  of  the  globe,  I  have  obtained  the  following  results, 
which  serve  to  show  the  character  of  some  of  these  modifications ; 

I.  Declination. 

1.  The  currents  manifest  a  tendency  to  follow  the  lines  of  most 
direct  ocean  communication  between  the  warmest  and  the  cold- 
est portions  of  the  globe,  the  general  declination  being  westerly 
in  the  Atlantic,  and  easterly  in  the  Pacific  Ocean. 

2.  The  lines  of  no  variation  are  apparently  determined  in  part 
by  the  land  contours*  that  divide  the  waters  of  the  globe  mto 
two  great  bodies. 

3.  The  currents  are  deflected  by  the  southern  pointed  extremi- 
ties of  the  several  continents  toward  the  east  on  the  eastern 
shores,  and  toward  the  west  on  the  western  shores,  of  New  Hol- 
land, Africa,  and  South  America, 

4.  The  magnetic  currents,  in  the  three  respects  above  enumer- 
ated, exhibit  a  precise  parallelism  to  the  ocean  tidal  flow. 

5.  In  the  comparatively  narrow  belt  of  the  Atlantic  Ocean,  the 
declination  between  the  parallels  of  85°  reaches  30°;  in  the 
broad  expanse  of  the  Pacific,  the  maximum  within  the  same 
limits  of  latitude  is  15°. 

6.  Between  the  parallels  of  70°  and  80°  the  declination  be- 
comes very  great,  and  the  currents  tend  to  a  gyratory  or  cyclonic 
motion,  wnicb  appears  to  be  modified  by  glaciers  or  local  poles 
of  great  cold. 

7.  The  cyclonic  tendency  is  most  marked  in  the  southern 
hemisphere,  where  the  ocean  waters  experience  the  least  inter- 
ruption to  their  normal  motions.  Mr.  Ferrel's  computation  gives 
"  28°  30'  for  the  polar  distance  of  the  parallel  where  the  surface 
of  the  fluid,  or  the  stratum  of  equal  pressure,  meets  the  surface 
of  the  earth."  ^  It  will  be  readily  seen  that  at  that  distance  the 
south  pole  is  entirely  surrounded  by  water,  and  it  seems,  there- 
fore, highly  probable,  that  if  there  were  no  land  in  the  frigid 
zones,  there  would  be  no  definite  magnetic  poles,  but  a  simple 
polar  belt  toward  which  the  magnetic  currents  would  flow  in 
parallel  spirals,"  except  when  deflected  by  land  radiation,  or  tidal 
or  other  gravitation  currents. 

*  The  charts  that  I  used,  were  the  poljconic  projection  of  the  *'  Lines  of  equal 
magnetic  variation  for  the  year  1868,"  which  was  constructed  from  Evans's  Enfelish 
Admiralty  Chart,  for  the  United  States  Coast  Survey  Report  of  1869,  and  No.  1 
and  2  of  the  **  Admiralty  Manual  for  ascertaining  and  applying  the  deviations  of 
the  compass  caused  by  the  iron  in  a  ship."    2d  Edition,  1863. 

*  The  influence  of  coast  lines  in  producing  a  tendency  to  equality  of  declination 
is  beautifully  shown  in  the  United  States  Coast  Sur/ey  Chart  of  **  Lines  of  equal 
magnetic  declination  on  the  Oulf  of  Mexico  for  the  epoch  1860*0." 

'  Locdtat. 

*  This  inference  accords  with  Barlow's  conclusion  that  every  place  has  its  particu- 
lar polarizing  axis. 
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n.  Dip. 

8.  The  lines  of  equal  dip  are  arranged  in  approximate  paral- 
lels, around  the  two  (principal)  magnetic  poles. 

9.  In  consequence  of  this  parallelism,  tney  are  convex  toward 
the  north  in  the  Pacific  Ocean,  and  toward  the  south  in  the 
Atlantic  Ocean. 

10.  The  magnetic  parallels  also  approximate  to  the  isothermal 
parallels,  both  in  direction  and  in  position,  but  with  some  im- 
portant departures. 

11.  In  South  America,  the  magnetic  equator  is  depressed 
nearly  80**  south  of  the  isothermal  equator ;  it  is,  however,  nearly 
equi-distant  from  the  (principal)  north  and  south  magnetic  poles. 

12.  The  magnetic  parallels  near  the  magnetic  poles  are  more 
convex  than  the  isothermal  lines,  but  they  present  some  inter- 
esting instances  of  parallelism  to  the  ocean  currents,  which  are 
indisputably  gravitation  currents. 

18.  This  parallelism  is  specially  observable  in  the  regions  of 
the  equatorial  currents,  the  Gulf  Stream,  and  the  North  Pacific 
and  Japan  currents. 

14.  If  a  series  of  waves  were  propagated  through  the  air,  from 
the  magnetic  poles  to  the  equator,  with  slight  deflections  by  the 
continental  contours  and  ocean  currents,  they  could  be  repre- 
sented with  great  accuracy  by  the  magnetic  parallels. 

All  of  the  foregoing  modifications,  as  well  as  the  theoretical 
phenomena  previously  referred  to,  have  their  exact  counterparts 
in  the  currents  which  tend  to  restore  the  gravitation  equilibrium 
of  the  air  and  water.  It  may  be  unwise,  ignorant  as  we  are  of 
the  true  nature  of  causal  efiiciency,  to  assert  that  one  form  of 
force  is  produced  by  another,  but  it  is  one  of  the  most  important 
duties  of  true  philosophy,  to  observe  sequences  and  correlations. 
It  has  long  been  known  that  magnetic  action  may  be  so  directed 
as  either  to  assist  or  counteract  the  attractions  of  cohesion, 
chemical  affinity,  and  gravitation ;  it  has  also  been  known  that, 
under  certain  circumstances,  disturbances  of  chemical  or  of  co- 
hesive attraction  are  accompanied  by  magnetical  disturbances,* 
but  I  have  now  shown  for  the  first  time,  by  independent  examin- 
ations of  the  total  force,  declination,  and  dip,  tnat  disturbances 
of  gravitation  are  similarly  attended. 

It  would  certainly  be  very  satisfactory,  if  it  were  possible,  to 
have  some  means  of  exhibiting,  by  simple  laboratory  experi- 
ments, the  direct  and  mutual  convertibility  of  gravitation  and 

*  **  A  few  years  ago  magnetism  was  to  us  an  occult  power,  affecting  only  a  few 
bodies ;  now  it  is  found  to  influence  all  bodies,  and  to  possess  the  most  intimate 
relations  with  electricity,  beat,  chemical  action,  light,  crystallisation,  and  throufrh  it, 
with  the  forces  concerned  in  cohesion ;  and  we  may,  in  the  present  state  of  things, 
well  feel  ur^ed  to  continue  our  labors,  encouraged  by  the  hope  of  bringing  it  into  a 
bond  of  union  with  grarity  itself.** — Faraday:  Exp.  Bet.,  2614. 

Ax.  Jour.  Sol—Sbcond  Sbribi,  Vol.  XL,  No.  119.— Sxpt.  1865. 
23 
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magnetism,  but  I  fear  the  attempt  to  reproduce,  in  any  appreci- 
able mechanical  form,  the  magnificent  and  daily  repeated  opera- 
tions in  the  laboratory  of  nature  which  I  have  Kebly  endeavored 
to  interpret,  must  always  be  futile.  In  order  to  obtain  even  the 
small  amount  of  disturbance  (*00184)  which  I  have  noted  in  the 
half-daily  variation  of  atmospheric  weight  (Trans.  A.  P.  S.,  xiii, 
121,)  it  would  be  necessary  to  take  observations  at  two  stations, 
one  of  which  should  be  2*665"  miles  more  distant  from  the 
earth's  center  than  the  other.  If  the  differences  of  vapor,  tem- 
perature, barometric  pressure,  force  and  direction  of  wind,  at- 
mospheric electricity,  &c.,  did  not  so  complicate  the  problem  as 
to  discourage  even  the  most  sanguine  experimenter  from  any 
attempt  at  solution,  any  result  that  could  be  obtained  under  such 
circumstances  would  give  little  general  satisfaction. 

It  is  possible,  however,  that  the  end,  which  we  should  vainly 
strive  to  reach  directly,  may  be  indirectly  attained.  Indeed,  the 
various  stages  of  an  indirect  road  have  long  been  known,  but  we 
have  not  been  able  to  compare  them  by  any  common  measure. 
The  motion  of  gravity,  by  percussion  or  the  obstruction  of  sim* 
pie  fall,  has  been  repeatedly  converted  into  the  motion  of  heat; 
and  the  motion  of  heat,  by  the  thermo-electric  pile,  has  been 
converted  into  the  motion  of  magnetism.  The  experiments  of 
Barlow,  Coulomb,  Kupffer,  and  Christie,"  on  the  influence  of 
heat  upon  the  magnet,  furnish  data  that  may  lend  some  aid  to 
any  investigator  wno  seeks  to  ascertain  the  precise  value  and 
modification  of  each  force,  in  these  successive  conversions. 

But  I  look  most  hopefully  to  researches  that  are  based  upon 
differences  of  specific  gravity.  Even  the  experiments  of  Barlow 
and  others,  to  which  I  have  just  referred,  as  well  as  the  electro- 
magnetic currents  which  are  generated  by  chemical  solution, 
involve  such  differences;  the  thermal  aerial  currents  which  har- 
monize with  and  increase  the  effects  of  simple  gravitation 
toward  the  sun,  are  caused  solely  by  the  greater  centripetal 
tendency  of  the  cold,  dense  air  which  has  the  greatest  specific 
gravity;    and  the  recent  investigations  in  thermo-dynamics, 

"  RX(n/D'-v/D)=3968X(v^100184-  1)=2-666.  At  Siugapore  the  daily  dis- 
turbauce  of  total  force  is  only  H  ^  great  at  it  should  be  theoretically.  I  suspect 
that  the  discrepancy  is  owing  mainly  to  the  monsooos  and  other  great  temperature 
disturbances  of  the  station,  which  shift  the  lines  of  force  by  a  kind  of  oonductioD 
polarity.— (Faraday,  Exp.  Res.,  8279).  In  other  important  respects  there  is  a  sat- 
isfactory correspondence  between  Singapore  and  St.  Helena.    £.  g. 


Menn 
Fall. 

Mean  Tide.    (Tbeoretical  X  }}>       { 

Oh 

6h. 

12  k 

Theoretical, 

8h.  29' 
8h.  28' 

—00081 
—00081 

—000178 
—000180 

4-00064 
+  00064 

Observed, 

(See  **  Numerical  Relations  of  Oravity  and  Magnetism,**  Sections  V,  IX,  and 
Faraday*s  Experimental  Researches,  III,  821—2). 
"  See  Eno.  Britann.,  8th  ed.,  sir,  85—89. 
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together  with  the  experiments  of  Fusinieri  and  Peltiei 
the  natural  conviction  that  the  imponderable  agents  c 
manifested  through  their  influence  on  ponderable  n 
therefore,  under  tendencies  to  equilibrium  with  th 
gravitation.  I  alreadj^  find  a  curious  approximate  o 
to  which  I  attach  little  importance  so  long  as  it  is  ui 
by  corroborative  evidence,  but  I  refer  to  it  as  an  in 
the  very  character  that  we  might  reasonably  ex  pec 
that  may  possibly  become  valuable  in  the  course  of 
search.  The  last  edition  of  the  Encyclopedia  Britann: 
"Heat,"  gives  for  the  expansion  and  consequent  die 
specific  gravity  between  32°  and  212°  Fahr.,  of 

Iron, 

Air, 

If  we  suppose  their  specific  magnetisms  to  be  in v 
portioned  to  the  disturbance  of  their  specific  gravities 
assuming  the  specific  magnetism  of  iron  as  the  unit, 

3        •  1  .     .         1         .  1 

a  value  which  is  intermediate  between  those  givei 
Becquerel  (jj^)  and  Pliicker  (itt)"  This  result 
somewhat  modified  by  an  accurate  determination  of  tl 
the  linear  to  the  cubic  expansions  of  iron  in  its  seven 

Faraday  disclaims  the  assumption  of  any  other  thar 
tion  polarity  of  oxygen  (2933,  2934),  but  that  pola 
veyea  in  lines  strikingly  analogous  to  the  thermal  . 
currents  (See  Exp.  Res.,  2787,  and  III,  PI.  IV,  Fig. 
in  their  turn,  accurately  represent  the  hypothetic 
action  of  the  sun  on  the  needle,  through  the  atmospl 
tion  of  the  lines  of  force  (2936). 

I  know  of  no  physicist  who  has  given  so  lucid  a 
explanation  of  the  various  magnetic  perturbations,  a 
trious  FuUerian  Professor,  and  as  his  hypotheses  ap 
still  more  satisfactory  when  viewed  in  connection  with 
tation  disturbances,  I  will  briefly  refer  to  some  of  th 
portant  points  that  have  helped  to  confirm  me  in  t 
views  that  I  have  hitherto  advanced.  Such  are,  e. 
dences  of  the  identity  of  helices  and  magnets  (2239) ; 
ence  of  magnetic  repulsion  without  polarity  (2274) ;  t 
magnetic  position  of  gases  and  vapors  (2416) ;  the  i 
the  magnecrystallic,  cohesive,  and  magnetic  forces  (2 
2578);  the  probable  dependence  of  the  magnetic  i 
fluids  upon  their  mass  and  density  (2768,  2769, 2781, 

•  "  Taylor*9  Scientific  Memoirs,  iii,  894. 

"  Prof.  Frazer  has  kindly  referred  me  to  the  cdefBcients  of  dilatati 
the  "  Artizan  "  of  Dec  I,  I860,  and  to  the  experiments  of  Regnault  on 
of  air  (See  Jour,  of  F.  Inst.  [3]«  xr,  281).  According  to  theeie  data,  t 
specitic  magnetism  of  oxygen  would  be  between  ^f^  apd  j^?* 
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magnetic  influence  of  winds  and  varying  atmospheric  pressure 
(2952,  2964) ;"  the  supposed  velocity  of  magnetic  transmission 
in  space  or  aether  (2958) ;  the  daily  bi-polar  minima  of  cold 
(3006) ;  the  closed  circuits  and  prominent  characteristics  of  the 
magnetic  lines  of  force  (3117,  3278, 3279, 3284) ;  the  tendency  of 
all  bodies  to  evolve  electric  currents,  when  moving  in  a  magnetic 
field  (3387);  the  relative  diamagnetic  and  magnetic  effects  of 
heat  and  cold  upon  air  and  the  diamagnetic  gases,  as  well  as 
upon  iron,  nickel,  and  cobalt  (2861,  and  III,  pp.  446,  460,  464, 
472,  473,  489,  490). 

It  should  not  be  forgotten  that  there  is  no  such  thing  within 
the  compass  of  our  observation,  as  "potential"  gravity,  no  in- 
stance oi  matter  in  absolute  rest,  and  just  beginning  or  tending 
to  move  under  a  gravitating  pull.  Every  particle  of  the  earth, 
independently  of  the  action  of  heat,  chemical  affinity,  and  cohe- 
sion, is  at  every  instant  subjected  to  four  principal  and  important 
impulses,  two  toward  the  centers  of  the  sun  and  earth  respect- 
ively, and  two  tangential  to  the  earth's  orbit,  and  to  its  circum- 
ference. Of  the  several  motions,  the  orbital  one  is  by  far  the 
most  important  Next  in  point  of  velocity  is  the  one  tangential 
to  the  circumference, — in  point  of  intensity,  the  one  toward  the 
center  of  the  sun.  Since  the  solar  central  and  tangential  motions 
are  in  equilibrio,  it  seems  eminently  proper  that  the  others  should 
be  considered  as  disturbances,  which  tend,  as  I  have  elsewhere 
shown,  to  give  a  daily  ellipticitv  to  each  section  of  air  parallel 
to  the  equator.  Not  only  are  the  barometric  daily  tides  a  neces- 
sary consequence  of  such  ellipticitv ;  owing  to  the  difference  of 
specific  gravity,  the  cold  air,  in  addition  to  the  proper  motion  of 
convection,  is  alternately  drawn  toward  and  repelled  from  the 
earth's  surface;  and  I  am  inclined  to  believe  that  many  of  the 
phenomena  of  the  deposition  of  dew  and  the  magnetic  pertur- 
bations, which  cannot  be  explained  by  other  more  important 
gravitation  currents,  may  be  thus  accounted  for. 

^*  Humboldt  speaks  of  the  Rccumnlntion  of  electricity  in  the  lower  equiooetial 
reffioQt,  *'  at  the  nummum  of  heat,  aud  when  the  baremetcic  tidee  are  bcm-  their 
mmimum."^  JViy^f  ScimL  Mtnu,  iii,  ^8. 
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J.  M.  Ordway  on  Waterglass. 
Art,  XVUI.— Waterglass ;   by  JoHN  M.  Obdwat. 

[Contiouod  from  toL  zzzv,  p.  196.] 
Its  Reaction  toith  Stannates, 

The  statement  made  in  Part  II,'  that  stannate  of  b 
duces  no  alteration  in  a  solution  of  waterglass,  is  fc 
more  rigid  experiments,  to  require  some  limitation, 
true  of  the  stannate  prepared,  as  it  commonly  is,  with 
excess  of  alkali  as  is  needed  to  make  it  dissolve  perfe 
keep  well,  does  not  necessarily  hold  good  with  regar 
pure  normal  salt.  In  fact  the  behavior  of  neutral  stannj 
acid  silicates,  is  peculiar,  and  worthy  of  something  moi 
passing  notice.  The  conditions,  character,  and  result 
mutual  reaction,  may  be  best  shown  by  giving  a  cond< 
count  of  some  few  of  the  many  trials  which  I  have  ma 
it  will  be  proper  in  the  first  place  to  describe,  somewh 
tail,  the  methods  adopted  for  securing  materials  suitable 
experiments — methods  which  may  lay  some  claim  to  n 
well  as  convenience. 

Stannate  of  Soda, — Time  alters  the  crystallized  salt 
solved  stannate  of  soda  having  just  one  equivalent  of 
one  of  acid,  soon  begins  to  change  and  deposit  an 
metastannate,  leaving  an  excess  of  soda  in  tne  liquid, 
whenever  the  really  normal  combination  is  wanted,  it 
make  use  of  the  freshly  prepared  crystals. 

The  commercial  "preparing  salt,"  when  it  is  free  fron 
may  be  advantageously  used  to  produce  the  pure  stann 

1.  A  refined  product,  of  English  manufacture,  was  found 
47  p.c.  NaCSnOg,  20  p.  c.  NaO,  11-3.  p.  c  NaO.SOg,  and  2 
CI.    Some  of  it  was  purified  thus : 

400  grams  of  the  white  **  preparing  salt^  and  84  grams  of 
baryta  were  dissolved  together  in  1600  cuh.  cent  of  water  ;  \ 
solution  was  too  caustic  for  a  paper  filter,  it  was  passed  thrc 
cotton  cloth,  the  first  portions  of  the  liquor  being  poured  hi 
filtrate  came  no  longer  turbid.  The  clear  liquid  treated  wit] 
own  bulk  of  alcohol  of  sp.  gr.  0*850,  soon  ffave  an  abundant 
fine,  indistinct  crystals,  which  were  gathered  mto  a  stout  cotton 
submitted  to  very  strong  pressure.  The  damp  product,  wei] 
grams,  was  dissolved  in  twice  its  weight  of  water,  and  the  fil 
tion  was  mixed  with  somewhat  more  than  its  own  bulk  of  alc< 
crystals  of  this  second  precipitation,  after  undergoing  very  har 
were  spread  out  on  paper  and  left  in  a  cold  place  over  night 
the  alcohol.  They  now  weighed  148  grams  and  contained 
NaO.Sn02.    They   were  free  from  carbonate,  hydrate,  sulj 

^  This  Joonial,  [2],  zxsi,  SSd. 
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chlorid  of  sodium,  but  made  a  slightly  opaline  solution  with  water,  thos 
showing  the  presence  of  a  trace  of  metastannate. 

Crystals  fresh  from  the  press  give  a  clear  and  complete  solu- 
tion ;  and  as  a  trifling  amount  of  adhering  alcohol  is  seldom  of 
any  consequence,  it  is  best  to  expose  the  pressed  cake  to  the  air 
as  little  as  possible. 

When  the  product  is  freed  from  mother  liquor  by  absorption 
and  careful  arying  it  appears  to  have  the  composition  NaO, 
SnO„  8H0. 

To  get  pure  and  clean  crystals  for  an  exact  determination  of 
the  water  a  strong  solution  of  the  preparing  salt  was  treated 
with  acetate  of  baryta,  and  as  much  alcohol  was  added  to  the  fil- 
trate as  it  would  bear  without  turning  milky.  In  two  days  there 
gathered  around  the  sides  and  bottom  of  the  bottle  a  thin,  hard 
coating  of  transparent  crystals,  which  were  detached  and  pressed 
in  absorbent  paper  till  they  appeared  dry,  but  not  at  all  eflBio- 
reseed.  The  average  of  two  analyses  showed  55'696  p.  c  of 
SnO,  and  22-921  p.  c.  of  NaO.    This  would  make  SaSnfia^ 

But  it  is  worthy  of  notice  that  when  the  precipitated  crystals 
are  rapidly  dissolved  in  water,  heat  is  produced  instead  of  cold; 
and  it  might  be  inferred  from  this  fact,  that  stannate  of  soda  is 
capable  oi  entering  into  intimate  combination  with  more  water 
than  is  contained  in  the  trihydrate.  Thus,  by  the  solution  of  a 
quantity  of  the  pressed  crystals,  still  damp,  in  a  little  more  than 
twice  their  weight  of  water  the  thermometer  was  raised  6°  C. 

Stannate  of  Potash. — Stannate  of  Potash  is  more  soluble  in 
water  than  the  soda  salt,'  and  cannot  be,  by  any  means,  so 
neatly  and  easily  precipitated  in  the  solid  state. 

'  Storer,  in  bb  Dictionary  of  Solubilitiefl,  under  the  heads  **  Stannate  of  Potash* 
and  '*  Stannate  of  Soda,**  has  collected  nearly  all  that  U  known  respecting  these 
salts.  We  are  there  told  that,  according  to  Vremj,  stannate  of  soda  is  mveh  more 
soluble  in  cold  than  in  warm  water.  To  test  this  matter,  and  to  reduce  indefinite 
terms  to  exact  numbers,  I  have  made  the  following  experiments ; 

L  A  saturated  solution  was  prepared  by  freauently  agitating  water  with  an  ex- 
cess of  the  fine,  freshly  prepared  cirstals,  in  a  na«k  surrounded  with  snow.  It  was 
filtered  in  a  funnel  also  kept  at  0°  C.  The  clear  liquor  warmed  to  16-5°  0.  had  the 
tp.  gr.  1*472.    It  contained  82*1  p.  c  of  dry  stannate. 

if.  A  saturated  solution  made  in  a  room  kept  at  10^0.  had  the  sp.  gr.  1*448,  and 
contained  81  p.  c  of  the  dry  salt,  or  89  p.  c.  of  ffaSn  fig. 

III.  A  saturated  solution  was  made  in  a  flask  kept  in  water  at  20°  C.  Cooled  to 
16*6°  C.  it  had  the  sp.  gr.  1*488.  It  contained  80*8  p.  c.  of  fTa  fin.  So  100  parts 
of  water  dissolve  67 '4  parts  of  the  crystals,  iSa.  fin  fi,,  at  0°  C. ;  and  at  20°  C  onlj 
61*8  parts,  or  nine-tenths  as  much. 

Stannate  of  potash  shows  no  such  anomaly,  but  its  solubility  is  somewhat  in- 
creased by  heat.  ^m  ^ 

IV.  At  10°  C.  a  saturated  solution  was  made  with  crystals  of  K  finHg  formed  bf 
spontaneous  evaporation  tfi  vacuo.  It  had  the  sp.  gr.  1*618  and  contain^  42*8  p.  c 
of  ^fin. 

y.  A  saturated  solution  made  at  20°  C.  Imd  the  sp.  gr.  1*627  and  contained  48 
p.  c.  of  dry  stannate  of  potash. 
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By  using  manjr  successive  portions  of  stronc  alcohol,  we  may 
withdraw  the  dissolving  water  and  compel  hasty  and  pretty 
complete  crystallization  ;  and  as  all  the  precipitates  subside  with 
p*eat  rapidity,  the  whole  round  of  operations  may  be  carried  out 
in  a  few  hours.  But  while  stannate  of  soda  can  be  readily 
procured  coarse  grained,  white,  and  of  normal  composition,  the 
precipitated  potash  salt  is  very  fine,  and  besides  obstinatelv  re- 
taining much  of  whatever  organic  coloring  matter  may  nave 
been  present  in  the  original  solution,  it  is  liable  to  come  out  at 
last  with  somewhat  too  much  or  too  little  alkali. 

2.  A  crude  staDDate  prepared  by  heating  strongly  a  mixture  of  tin, 
caustic  potash,  and  nitrate  of  potash,  was  dissolved  in  twice  its  weight  of 
cold  water.  400  c.  c.  of  the  clear,  decanted  liquor,  were  thoroughly  agi- 
tated with  400  a  c.  of  alcohol  of  sp.  gr,  0*840,  and  gave  a  dense  liquid 
deposit  measuring  275  c.  c  This  being  in  turn  treated  with  400  c.  c  of 
alcohol,  yielded  175  c.  c  of  still  denser  liquor.  A  third  precipitation 
with  400  c  c  of  alcohol  gave  a  deposit  with  some  solid  matter  beginning 
to  appear  in  it 

So  far  a  weaker  spirit  had  been  used  so  as  to  allow  the  impuri- 
ties to  remain  in  solution  while  the  stannate  was  thrown  down. 

400  c.  c.  of  alcohol  of  sp.  gr.  0*820  now  changed  the  precipitate  into 
a  pasty  mass,  which  became  crumbly  on  being  stirred  up  again  with  400 
c.  c.  of  strong  alcohol.  The  stannate  was  then  gathered  in  stout  canvass 
and  subjected  to  great  pressure.  The  resulting  cake  still  contained  about' 
one-eleventh  of  an  equivalent  of  alkali  in  excess,  there  being  originally 
two  equivalents  of  potash  to  one  of  stannic  acid  ;  it  was  therefore  dis- 
8olve4  in  a  little  more  than  its  weight  of  water  and  submitted  to  another 
round  of  treatment  with  alcohol.  The  hard  pressed  final  product  con- 
tained 78  p.  c  of  dry  stannate.  Being  spread  out  and  exposed  to  the 
air  for  some  hours,  it  lost  all  smell  of  spirit,  and  was  then  pure  and  al- 
most exactly  normal. 

When  greater  nicety  is  required,  such  a  product  should  be 
dissolved  in  a  little  less  than  its  weight  of  water  and  recrystal- 
lized  by  spontaneous  evaporation  in  vacuo. 

A  careful  analysis  was  made  of  some  pure,  hard,  colorless, 
transparent,  oblique  rhombic  crystals  produced  by  this  last 
method  and  dried  by  pressure  in  absorbent  paper.    It  showed 

YL  A  saturated  solution  made  at  about  46°  C.  had  the  sp.  gr.  1*668  and  con- 
tained  44  p.  c.  of  ft  do. 

Therefore,  at  20°  C,  100  parts  of  water  take  up  110*6  parts  of  &  Sofia,  or  nearly 
twice  as  much  as  of  stanDate  of  soda  crystals 

When  there  is  present  an  excess  either  of  alkali  or  of  stannic  ozyd,  a  saturated 
solution  oontaiDs  less  of  the  net  normal  stannate. 

YIL  A  solution  of  ft  Sno.9  saturated  at  0°  C.  bad  the  sp.  gr.  1*64  and  contained 
40-4  p.  c  of  ft  Sn. 

VIII.  A  solution  of  ft  Soi.,  satarated  at  0°  C.  had  the  sp.  gr.  1*74  and  contained 
41*6  p.  c  ft  Sn  and  6*8  p.  c  of  Sn  0^  in  excess. 

Or  speaking  with  special  reference  to  the  0x3rd  of  tin,  we  may  say  that  its  solu- 
bility increases  as  the  amount  of  alkali  present  is  diminished. 
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49-430  p.  c.  of  stannic  acid,  and  30-704  p.  c.  of  potash.  If  we 
call  the  equivalent  weight  of  tin  59,  these  proportions  would 
make  &dD£[3.3.  The  true  formula  must  therefore  be  KO.Sa 
0,.3H0. 

The  specific  gravity  of  these  crystals  was  found  to  be  8197. 

Metastannate  of  Potash. — When  a  dilute  acid  is  slowly,  and 
with  constant  stirring,  dropped  into  a  cold  solution  of  normal 
stannate  of  potash,  there  is  no  permanent  precipitation  till  more 
than  three-fourths  of  the  alkali  is  abstracted.  The  stannate  thus 
robbed  of  its  base,  remains  perfectly  dissolved,  but  has  acquired 
diflTerent  properties.  Alcohol  now  gives  with  it  not  a  liquid  or 
crystalline  deposit,  but  a  light  floccuTent  precipitate  which,  when 
it  is  well  drained  and  exposed  to  the  air  for  a  day  or  two,  dries 
to  heavy,  transparent,  gum-like  lumps.  There  is  thus  opened 
up  a  neat  wajr  to  procure,  in  a  state  of  purity,  metastannates 
containing  various  proportions  of  alkali. 

8.  A  DIDO  per  cent  solution  of  K0Sn02  was  treated  with  enough  five 
per  cent  nitric  acid  to  take  up  two-fiflLs  of  the  potash.  When  the 
liquor  had  recovered  its  clearness,  somewhat  more  than  twice  its  bulk  of 
alcohol  of  sp.  ^r.  0*830  was  stirred  in.  The  precipitate,  after  being 
washed  once  with  alcohol,  was  drained  on  a  filter  and  left  on  absorbent 
paper  till  it  became  a  transparent,  exceedingly  shrunken  mass  containing 
79  p.  c.  of  &  Sd^.q.     This  easily  dissolved  in  twice  its  weight  of  water. 

4.  In  a  similarly  conducted  experiment,  the  same  quantity  of  stannate 
with  twice  as  much  acid  as  before,  gave  nearly  twice  as  much  metastan- 
nate  containing  59  p.  c.  of  &  Sn^^,  This  dissolved  in  four  times  its  own 
weight  of  water  to  a  faintly  opaline  liquid. 

5.  Some  of  the  solution  of  8  was  diluted  and  cautiously  treated  with 
sufficient  nitric  acid  to  neutralize  one-third  of  the  remaining  potash.  The 
despoiled  metastannate  was  then  precipitated  with  alcohol.  The  final 
product  consisted  of  &Sn|,.e£[4  and  was  readily  soluble  in  water. 

It  is  well  to  dissolve  the  rough  metastannate  and  reprecipitate, 
in  order  to  get  rid  of  the  last  traces  of  nitrate  and  obtain  a  sub- 
stance which  will  give  a  clear  and  mobile  solution.  And  the 
!>roduct  of  the  second  precipitation  can  be  advantageously  fi*eed 
rom  the  adhering  liquor  by  pressinff  it  very  strongly  in  stout 
closely  woven  cotton  cloth.  Even  the  first  precipitate  may  be 
pressed,  but  it  is  much  softer  and  the  pressure  must  be  applied 
very  gradually  indeed;  otherwise  the  pulp  itself  will  pass 
through  the  pores  of  the  cloth. 

Waterglass  with  SUinnates. — As  in  some  preliminary  experi- 
ments sulphates  were  not  perceived  to  exert  any  infiuence  on 
the  reaction  of  stannates  with  silicates,  sulphates  were  after- 
ward purposely  added,  to  serve  as  indicators  of  the  amount  of 
mother  liquor  retained  by  the  precipitates.  The  liquid  stannate 
of  soda  was  made  to  contain  about  five  per  cent  of  sulphate  of 
soda,  and  stannate  of  potash  was  dissolved  in  a  weak  solution 
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of  potash  sulphate.  The  waterglass  was  such  as  had  been  well 
purified  by  precipitation  with  alcohol. 

While  treating  this  part  of  our  subject  we  will  take  the  form- 
ula adopted  in  planning  the  experiments,  and  consider  silicic 
acid  as  SiO^. 

6.  80  g.  of  a  sohition  containiog  14  p.  c.  of  NaOSnOj,  were  mixed 
with  32  g.  of  a  29  p.  c.  solution  of  Na0.2Si02f  so  as  to  have  in  the 
united  liquors  STa,  So  Sij. 

There  was  no  apparent  change  at  first,  but,  in  the  course  of  two  days, 
it  became  an  opaque,  consistent  jelly  from  which  no  liquor  could  be  de- 
canted. 

Such  were  also  the  products  in  most  other  cases ;  and  at  first 
these  jellies  proved  rather  intractable,  for  when  they  were  sub- 
jected to  quick  pressure  in  common  cotton  cloth,  such  as  had 
been  used  in  former  experiments,  both  liquor  and  coagulum 
passed  through.  Farther  experience  showed  it  best  to  let  the 
mixtures  stand  several  days  to  get  fully  gelatinized,  and  then 
proceed  to  press  very  gradually  in  thick,  closely  woven  canvass. 
The  cloth  was  folded  over  the  drained  precipitate  and  placed 
between  tvro  bits  of  pine  board.  To  insure  moderation  at  first, 
the  boards  were  put  under  a  small  hand  screw  which  was  very 
slowly  turned  till  the  greater  part  of  the  clear  liquor  was  forced 
out  and  the  substantial  portion  of  the  coagulum  was  reduced  to 
small  bulk.  The  boards  with  their  contents  were  then  trans- 
ferred to  a  large  press  urged  by  the  full  strength  of  two  men 
and  theoretically  capable  of  multiplying  the  power  nearly  1200 
times.  The  pressed  products  were  bara  and  brittle,  and  could 
be  rubbed  in  a  mortar  to  a  damp  powder  without  caking  much 
under  the  pestle.  The  powder  was  generally  soluble  in  chlor- 
hydric  acid.  On  being  ignited  the  cake  contracted  greatly  and 
became  opaque,  but  showed  no  sign  of  fusion. 

To  make  an  analysis  a  weighed  portion  of  the  powder  was 
treated  with  chlorhydric  acid  in  excess  and  dried  down  at  a 
moderate  heat.  The  residue  digested  for  twenty -four  hours  with 
chlorhydric  acid  and  then  well  washed  with  water  containing  a 
little  of  the  same  acid,  left  the  silica  pure  and  in  full  quantity. 

Another  portion  of  the  powder  was  treated  with  nitric  acid 
in  excess  and  dried  down.  By  washing  the  dry  mass  with 
water  and  igniting  and  weighing  the  undissolved,  matter,  the 
sum  of  the  silica  and  oxyd  of  tin  was  ascertained;  and  a  com- 
parison of  this  with  the  former  determination  showed  the  per 
centage  of  oxyd  alone.  The  solution  being  evaporated  to  dry- 
ness the  resulting  saline  matter  was  fused  and  weighed.  The 
amount  of  sulphate  in  the  mixed  salts  was  found  by  means  of 
chlorid  of  barium ;  and  then  the  quantity  of  nitrate  and  the  cor- 
responding amount  of  alkali  were  easily  calculated. 
Am.  Joub.  Sol—Sboond  Ssribs,  Vol.  XL,  Na  119.— Sept.,  1866. 
33 


Digitized  by  VjOOQ IC 


178  /.  M,  Ordway  on  Water  glass. 

The  composition  of  the  mother  liquor  was  ascertained  by  the 
same  method.  Then  the  percentage  of  sulphate  in  the  pressed 
cake,  divided  by  the  percentage  of  sulphate  in  the  mother 
liquor,  showed  the  quantity  of  mother  liquor  retained  in  one 
part  of  the  cake.  And  finally  the  net  composition  of  the  curd 
was  found  by  deducting  from  the  gross  amounts  of  silica,  stan- 
nic acid,  ana  alkali  in  the  pressed  cake,  the  quantities  of  the 
same  substances  due  to  adhering  mother  liquor. 

In  the  present  instance  the  hard  pressed  curd  weighing  24  grams,  con- 
tained 40  p.  c.  of  mother  liquor,  and  38*6  p.  c.  net  of  ^^3  Bn  Si,. 

v.  75  g.  of  a  14  p.  c  solution  of  JS^agn  were  mixed  with  20  g.  of  a 
20  p.  G.  Bohition  of  ffaSis,  so  as  to  have  a  mixture  of  ^a4SD3Si3.  In  a 
few  hours  it  became  a  firm  opaque  jetly.  After  standing  six  days  it  was 
pressed  and  left  24-3  g.  of  cake  containing  34  p.  c.  of  mother  liquor  and 
88  p.  c.  net  of  SajSn^  Sig. 

8,  a.  60  g.  of  a  14  p.  c.  ^aSn  solution  were  mixed  with  40  g.  of  a  20 

Lc.  solution  of  Sa  Sij ;  so  that  the  quantities  of  Sn  Oj  and  Si  O^  should 
equal.  It  soon  began  tb  get  opaline,  and,  in  the  course  of  two  hours, 
made  an  opaque  jelly,  so  stiff  that  it  was  not  disturbed  by  inverting  the 
dish.  The  hard  pressed  cake  weighed  36'3  g.  and  contained  45  p.  c.  of 
mother  liquor  and  36  p.  c.  of  S^a^  goj  Sij, 

8,  h,  240  g.  of  a  3*5  p.  c  ^a  Sn  solution  were  stirred  into  200  g.  of  a 
4  p.  c  ^a  Sij.  In  the  course  of  two  hours  it  formed  a  thin  opaque  jelly. 
After  two  days  this  was  thrown  on  a  cloth  and  much  clear  mother  liquor 
drained  out  without  pressure.  The  remainder  was  very  gradually 
squeezed  and  finally  hard  pressed,  and  gave  a  cake  weighing  31  g.,  which 
showed  17  p.  c.  of  mother  liquor  and  36  p.  c.  of  ^^Ta^  SngSig. 

8,  c.  480  g.  of  a  1*75  p.  c.  solution  of  SaSn  were  mixed  with  400  g. 
of  a  2  p.  c  J^aSig  solution.  There  was  no  change  at  first,  but  in  the 
course  of  two  days  it  formed  a  thin  jelly.  After  standing  six  days  it  was 
draihed,  squeezed,  and  hard  pressed,  and  the  cake  weighed  26*7  g.  This 
product  contained  21  p.  c  of  mother  liquor  and  30*  p.  c.  of  ^a^Sn^Siit. 

These  three  trials  show  something  of  the  influence  of  dilution, 
though  in  the  case  of  c  longer  standing  had  also  modified  the 
composition  of  the  coagulum  by  increasing  the  amount  of  stan- 
nic oxyd  rendered  insoluble. 

9,  a.  A  120  g.  mixture  was  compounded  so  as  to  contain  18  g.  of  ^Ta, 
Sd2  &k  There  was  no  change  at  first,  but  in  the  course  of  two  days  it 
became  a  thin  opaline  jelly.  After  seven  days  being  hard  pressed  it 
yielded  a  translucent  cake  weighing  8*6  g.  and  containing  37  p.  c.  net  of 
fTaodot  di,3. 

9,  6.  A  similar  mixture  was  made  by  adding  a  saturated  solution  of 
stannate  to  fused  crystals  of  silicate  and  evaporating  till  it  contained  40 
p.  c  of  solid  matter.  It  remained  clear,  and  when  exposed  to  severe 
cold  showed  no  sign  of  crystallization. 

10,  A  mixture  was  made  containing  somewhat  over  16  p.  c  of 
JTa,  Sn  Sia.    There  was  no  change  for  six  weeks. 

11,  a.  A  mixture  was  made  so  as  to  contain  about  16  p.  c  of 
tTa,  So  Si.  There  was  no  change  for  some  days,  but  in  the  course  of  a 
month  it  gelatinized. 
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11,  5.  A  saturated  solution  of  stannate  was  put  with  as  n 
]?ra  Si  fig  as  would  make  Sa*  Sn  Si,  and  the  mixture  was  eva] 
gentle  heat  till  it  contained  47'5  p.  c  of  solid  matter.  It  rei 
and  would  not  crystallize  though  set  out  in  the  open  air  di 
of  the  coldest  days  of  winter.  The  strong  liquor  hore  hoi 
apparent  change,  but  when  much  diluted  was  coagulated  by 

Stannate  of  Potash  with  Silicate  of  Potash, 

12,  A  mixture  made  so  as  to  contain  21  p.  c  of  fa^''^ 
no  visible  change  in  a  month. 

A  mixture  containing  19  p.  c.  of  l^sSoSi^i  also  remainei 
for  a  month. 

13,  a.  72  g.  of  a  10  p.  c.  solution  of  &Sn  were  mixed  \ 
12  p.  c  ^Sis,  80  as  to  bring  together  about  equal  weights  < 
SiOg.  There  was  no  perceptible  alteration  for  a  day,  but  i 
it  became  a  thin  transparent  jelly.  After  standing  a  week  it ' 
gradually  and  then  hard  pressed.  The  transparent  product 
g.  and  contained  39  p.  c.  net  of  ^8804  Si,  3. 

13.  b.  288  g.  of  a  2*6  p.  c.  i^Sn  solution  were  mixed  with 
p.  c.  t  Sis.  It  remained  apparently  unchanged  for  a  week.  1 
of  the  second  week  it  became  gelatinous,  but  no  liquor  coul 
out.  At  the  end  of  three  weeks  it  had  fully  coagulated,  an( 
hard  pressed  it  gave  a  translucent  cake  weighing  23  g.  Tl 
17  p.  c.  of  mother  liquor  and  40  p.  c.  of  tcSoj  Si, 4, 

14.  77  g.  of  a  solution  containing  16  p.  c.  of  ^Sn,  were 
33  g.  of  a  20  p.  c.  solution  of  &  S'%  so  as  to  make  in  all  &: 
underwent  no  noticeable  modification  for  some  time,  but  in 
formed  a  firm,  slightly  opaline  jelly.  After  standing  a  week 
pressed  and  yielded  a  mass  weighing  28  g.  and  containing 
of  ^4  Sna  Si,. 

Metastannate  of  Potash  with  Potash  Waterglasi 

15.  20  g.  of  a  10  p.  c.  tSia  liquor  were  mixed  with  20 
tion  containing  10  p.  c.  6804.4.  There  was  no  change  foi 
but  in  the  course  of  17  days  it  thickened.  The  hard  press< 
weighed  6*5  g. 

16.  10  g.  of  a  30  p.  c.  solution  of  6813  were  stirred  inl 
24  p.  c.  solution  of  KS05.3.  It  soon  got  a  little  thicker  bul 
atinize  at  all. 

Weaker  solutions  of  the  same  metastannate  and  silicate, 
with  similar  results. 

17.  10  g.  of  a  10  p.  c.  i^Si3  solution  were  put  with  10  g. 
;fi[5D,.5 ;  no  immediate  change.  In  the  course  of  10  days  i 
and  when  hard  pressed  it  gave  a  cake  weighing  4  g. 

18.  20  g.  of  a  16  p.  c.  solution  of  ^Sig  were  mixed  with 
p.  c.  &8dio-0.  It  continued  unchanged  a  month,  but  at  le 
ized. 

A  comparison  of  all  the  experiments  from  which  tl 
has  been  made,  brings  to  light  nothing  definite  or 
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the  products  of  the  reaction  of  stannates  with  silicates.  The 
strange  looking  quasi  formulas  here  used  to  show  their  compo- 
sition by  equivalents  instead  of  per  centages — like  the  similar 
expressions  employed  for  the  precipitates  described  in  Parts  III 
and  IV, — would  be  altogether  preposterous,  were  they  intended 
for  anything  more  than  compact  and  readily  collatable  expres- 
sions of  the  results  of  analyses.  In  vain  do  we  search  for  any 
principle  that  will  enable  us  to  assign  a  rational  constitution  to 
substances  which  derive  their  unlimited  variety  of  composi- 
tion from  mere  accidents  of  dilution,  purity,  temperature,  and 
of  time  allowed  for  segregation.  Many  picked  instances,  like  7, 
8  a,  and  9,  might  countenance  the  supposition  of  a  tendency  to 
the  formation  of  an  exact  siliciite  of  tin  SnO,  2Si03,  united 
with  difTerent  proportions  of  alkali.  But  such  hasty  generaliza- 
tion is  checkea  by  an  enlarged  view  and  more  particularly  by 
the  special  test  experiments,  8  a,  i,  c.  All  that  seems  to  l)e 
predicable  of  the  reactions  is  that  mixtures  containing  as  many 
eG|uivalents  of  alkali  as  the  sum  of  the  equivalents  of  SnO,  and 
SiO,,  are  likely  to  undergo  little  or  no  change  at  the  common 
temperature  of  the  air;  but  when  the  mixture  contains  less 
alkali,  gelatinization  will  occur  in  a  few  hours  or  days ;  and  the 
curd  will  be  greater  in  amount  according  as  the  strength  of  the 
liquors  put  together  is  greater,  and  as  the  total  proportion  of 
alkali  is  less. 

The  segregated  matter  retains  the  alkali  with  no  little  force, 
for  when  the  air-dried  precipitate  is  washed  with  water  a  part 
indeed  of  the  alkali  is  removed,  but  the  greater  portion  remains 
obstinately  in  combination, 

19.  Some  of  the  cake  of  Ida,  was  reduced  to  powder  and  kept  over 
lumps  of  caustic  soda  eighteen  days.  The  dry  powder  was  well  washed 
with  cold  water.  The  air-dried  residue  amounted  to  42  p.  c  of  the 
quantity  of  fresh  cake  taken,  and  contained  78*6  p.  c  of  4E0  .4SnO'. 
ISSiO*.     Only  one- third  of  the  potash  had  been  washed  mit. 

It  is  difficult  to  ascertain  whether  the  fresh  undried  -cake  may 
undergo  dissociation  in  any  greater  degree;  for  if  we  attempt 
to  wash  it,  though  a  part  settles,  the  supernatant  liquor  remains 
milky  a  very  long  time,  and  the  suspended  matter  cannot  be 
separated  by  filtration,  as  it  readily  goes  through  the  pores  of 
the  paper. 

After  seeing  how  a  deficiency  of  alkali  facilitates  the  coagula- 
tion of  a  mixture  of  stannale  and  silicate,  we  should  hardly  ex- 
pect  to  find  metastannates  so  slow  in  producing  any  effect  on 
waterglass.  But  metastannates  are  evidently  not  mere  polyacid 
stannates,  and  a  higher  degree  of  compatibility  is  the  less  sur- 
prising when  we  consider  the  many  points  of  resemblance  be- 
tween metastannate  of  potash  and  waterglass  itseH  Both  are 
ucory^tallizable  4bBd  dry  to  transparent  gum-lik:<e  masses,  indefi- 
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nitely  soluble  in  water.  Both  are  precipitated  by  a 
partial  decomposition,  and  indeed  in  both  the  acid  an< 
to  be  in  a  state  of  association  rather  than  of  strict  cb 
bination.  The  following  experiments,  illustrating 
may  be  compared  with  the  similar  trials  of  silicates 
in  Part  III : 

20.  350  g.  of  a  Bolation  containing  6  p.  c.  of  t  So*.*,  we? 
860  c  c.  of  alcoliol  of  sp.  gr.  0-840.  After  two  waeliings 
the  flocculent  precipitate  was  collected  in  a  cloth  and  haid  \ 
thin  translucent,  brittle  cake,  after  twelve  hours  exposun 
weighed  24  g.  and  contained  82  p.  c.  of  ]S:Sn,.4.  It  was  d 
parts  of  water  and  treated  with  alcohol  as  before.  The  sc 
tate  when  pressed  and  aired  contained  81  p.  c.  of  i^Sn,., 
piecipitate  contained  80  p.  c.  of  tijnj.^.  The  product  of 
cipitalion  showed  81  p.  c.  of  iSnQ.j.  The  fifth  precipitate 
p.  c.  of  tsnio.g.  And  the  sixth  product  was  readily  soh 
and  nhowed  72  p.  c.  of  tsn,  ,.4. 

21.  60  g.  of  pressed  crystals  of  stannate  of  potash  were 
water,  so  as  to  make  600  c.  c.  200  c.  c.  of  6*4  p.  c.  niti 
stirred  in,  and,  when  the  liquor  had  recovered  its  transparem 
of  alcohol  were  added.  After  one  washing  with  alcohol  ti 
precipitate  was  very  gradually  squeezed  and  then  hard  pr 
some  hours  exposure  to  the  air,  tlie  cake  weighed  27  g.  and 
p.  c.of  iSfij.a.  It  was  dissolved  in  9  times  its  weight  < 
treated  with  alcohol.  The  second  fiocculent  deposit  hard 
dried  in  the  air,  contained  80  p.  c  of  KSoe-a*  Theprecipit 
peated  many  times,  and  finally  the  tenth  product,  weighinj 
not  entirely  soluble  in  water.  The  soluble  part  contained 
the  small  insoluble  residue  had  nearly  the  same  composition 

Metastannate  of  potash  is  also  thrown  down  as  8U< 
potash  salts ;  and  here  too,  as  with  waterglass,  the 
the  chlorid  prove  most  efficient 

22.  26  g.  of  A  solution  containing  21  p.  c.  of  £[§04.4  wei 
26  g.  of  a  20  p.  c  KCI  solution.  The  very  bulky  deposit 
squeezed  and  subjected  to  hard  pressure,  weighed  6*4  g.  It 
p.  c.  of  mother  liquor  and  64  p.  c.  of  ftSo,.,,  and  was  read 
water. 

23.  40  g.  of  a  9  p.  c  solution  of  fe  8n,.,  mixed  with  4 
p.  c.  solution  of  acetate  of  potash  gave  a  precipitate  that  c< 
4  g.  and  contained  68  p.  c  of  ^Soq-i,  This  was  wholl 
water. 

Carbonate,  sulphate,  chromate,  or  nitrate  of  pot 
precipitate  after  a  time  when  added  in  inconsiderab 
to  the  metastannate ;  but  neutral  stannate,  of  whate\ 
and  in  whatever  quantity,  has  no  effect  upon  a  roetai 
lution. 

On  account  of  the  insolubility  of  metastannate  oi 
salts  soon  disturb  a  solution  of  metastannate  of  potaji 
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liquid  containing  10  p.  c.  of  4 805.,,  became  opaque  with  its  own 
weight  of  a  2  p.  c.  solution  of  S^aO.  A  much  less  quantity  of 
sulphate  of  soaa  sufficed  to  produce  the  same  effect.  A  soda 
salt  therefore  affords  a  test  of  the  presence  of  metastannate  in  a 
stannate  of  potash  solution,  but  the  liquors  must  not  be  too  con- 
centra  ted. 

Fremy  says  that  stannate  of  potash  is  precipitated  from  its 
solution  by  almost  all  soluble  salts,  and  even  by  salts  of  potash, 
soda,  and  ammonia.  He  must  have  operated  with  liquors  that 
had  been  kept  too  long  and  had  thereoy  become  contaminated 
with  metastannate ;  for  my  own  experiments  afford  no  confirm- 
ation of  his  statement  as  far  as  potash  and  soda  salts  are  con- 
cerned. On  the  contrary  I  have  not  found  these  salts  to  have 
any  effect  at  all  on  solutions  of  fresh  and  really  normal  stan- 
nates  of  potash  and  soda.  Stannate  of  soda  when  mixed  with 
a  neutral  salt,  does  indeed  become  turbid  by  standing  some  time, 
but  so  does  the  diluted  stannate  without  any  addition. 

Indefiniteness  of  composition  pertains  to  the  metastannates  in 
no  less  degree  than  to  waterglass.  Fremy  once  assigned  the 
formula*  K0.2Sn30g+6HO,  but  afterward  settled  down  on 
KO . Sn^O,  0+4HO,  and  thus  gives  his  reasons  for  the  change:* 

"Jeprdparais  autrefois  les  metastannates  en  faisant  bouuler 
de  Tacide  metastannique  avec  des  alcalis,  et  en  pr^ipitant  ces 
dissolutions  par  I'alcool;  j'ai  reconnu  recemment  que  pendant 
Tebullition,  une  partie  du  metastannate  se  transforme  en  stan- 
nate ;  en  traitant  ensuite  la  liqueur  par  I'alcool,  je  pr&jipitais  un 
melange  on  peut-6trc  une  combinaison  de  stannate,  et  de  meta- 
stannate, etc." 

"  C'est  ainsi  que  j'avais  6\A  conduit  a  repr^nter.racide  meta- 
stannique par  la  formale  Suj  0^.  Mais  je  prepare  actuellement 
des  metastannates  qui  ne  pen  vent  contenir  de  traces  de  stan- 
nates;  aussi  leur  analyse  donne-t-elle  toujours  un  equivalent 
d'acide  metastannique  repr&ent^  par  la  formule  Sn,  0, ,,." 

Fremy's  later  methoa  of  preparing  a  metastannate  which 
should  contain  no  stannate,  was  to  dissolve  metastannic  acid  in 
caustic  potash  and  precipitate  the  combination  by  adding  to  the 
solution  bits  of  solid  caustic  potash.  The  precipitate  was  dried 
by  absorption  on  unglazed  porcelain.  But  it  can  hardly  be  pos- 
sible by  mere  absorption  to  get  a  soft,  pulpy  substance,  entirely 
free  from  so  thick  and  dense  a  mother-liquor  as  the  caustic  pot- 
ash would  make.  Fremy  made  five  analyses  which  came  out 
very  nearly  alike,  as  might  indeed  well  happen  so  long  as  the 
products  analyzed  were  made  in  just  one  way  and  by  one  indi- 
vidual. But  the  tacit  assumption  that  none  of  the  10*5  to  10'9 
p.  c.  of  potash  found,  was  due  to  retained  mother  liquor,  is  man- 
ifestly gratuitous.    Nor  was  there  any  good  reason  for  suppos- 

'  Annales  de  Ch.  et  de  Phys.    [8],  xii,  476. 
*.  Id.,  xxiii,  895. 
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ing  that  cold  caustic  potash  exerts  no  modifying  action  on  meta- 
stannate;  for  time  often  brings  about  in  part  what  heat  effects 
rapidly  and  fully,  and  in  fact  I  have  seen  an  abundant  precipi- 
tate, produced  by  moderately  strong  potash  liquor,  disappear  in 
an  hour  or  two  with  but  a  very  slight  elevation  of  temperature. 
Some  idea  of  the  diflSculty  of  separating  a  mother  liquor  from  a 
gum-like  precipitate,  may  be  gathered  from  the  experiments  on 
precipitated  waterglass  given  in  part  IV.  There  we  had  a  sub- 
stance as  capable  as  metastannate  of  potash  of  being  reduced  to 
a  very  compact  form.  There  we  had  the  advantage  of  a  mother 
liquor  much  thinner  and  much  more  easily  separable  from  the 
curd.  There  was  also  a  powerful  pressure  eflfectually  accom- 
plishing in  a  few  moments,  and  consequently  without  chance  of 
modification  by  time,  what  the  contractility  of  metastannate  and 
the  imbibing  power  of  porcelain  could  do  but  slowly.  Yet  the 
precipitated  silicates  retained,  on  an  average,  about  thirty  per 
cent  of  mother  liquor.  Due  allowance  being  made  for  the 
greater  density  of  a  stanniferous  compound,  it  certainly  would 
not  be  making  a  very  high  estimate  to  say  that  metastannate  of 
potash  thrown  down  by  potash,  after  as  complete  a  drainage  as 
possible,  must  retain  not  less  than  ten  per  cent  of  strong  caustic 

r)tash  liquor  or  some  three  per  cent  of  dry  potash  in  excess, 
see  no  cnance  of  actually  finding  out  how  much  of  the  potash 
is  combined  and  how  much  is  free  in  such  a  case ;  for  if  we  add 
any  indicator^  it  would  alter  the  conditions  of  the  experiment. 

Hence,  Fremy's  formula  having  no  fixed  basis  must  be  looked 
upon  as  a  rather  uncertain  approximation  to  the  true  composi- 
tion of  the  metastannate  made  by  his  method. 

According  to  Rose,*  Weber  found  solid  metastannate  of  pot- 
ash to  consist  of  KO.  TSnO^  +3H0.  But  we  are  not  told  by 
vrhat  process  it  was  mkde. 

Berzelius  says  that  one  part  of  potash  will  dissolve  sixteen 
parts  of  stannic  acid,  and  these  proportions  would  make  about 
KO.  lOSnO,. 

As  to  matastannates  obtained  by  precipitation  with  alcohol  or 
with  neutral  potash  salts,  we  have  found  that  by  varying  the 
conditions  the  composition  of  the  products  may  be  made  to 
range  from  less  than  five  up  to  more  than  seventeen  equivalents 
of  binoxyd  of  tin  to  one  equivalent  of  potash.  Ana  Graham* 
has  shown  that  when  the  alkali  is  eliminated  by  neutralization 
and  dialysis,  metastannic  acid  is  itself  soluble  in  pure  water. 
Hence  there  is  probably  no  limit  to  the  possible  diminution  of 
potash  in  the  still  soluble  metastannate. 

I  have  heretofore  enunciated  the  general  rule  that  soluble  salts 
having  as  bases,  ferric,  chromic,  stannic,  or  other  oxyds  contain- 

•  Poggendorflf*8  Ann.  Ixxy,  16. 

*  Repertoire  de  Chimie,  Sept^  1864,  p.  184. 
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ing  more  than  one  equivalent  of  oxygen  to  one  of  metal,  may 
have  a  large  part  of  the  acid  withdfrawn  and  still  remain  dis- 
solved. And  now  it  is  interesting  to  find  that  when  binoxyd 
of  tin  is  brought  into  solution  by  an  alkali,  a  similar  principle 
holds  good,  and  the  greater  portion  of  the  base  may  be  removed 
without  any  immediate  permanent  precipitation  of  the  acid. 
Metastannate  of  soda,  however,  is  but  temporarily  soluble,  and 
is  thrown  down  from  solutions  of  the  neutral  stannate  by  long 
standing  or  by  boiling.  It  is  also  soon  deposited  firom  a  solu- 
tion in  which  the  alkali  of  normal  stannate  has  been  partly 
taken  up  by  a  strooger  acid.  These  precipitates  are,  by  no 
means,  of  the  same  composition,  though  they  often  approach 
very  closely  to  the  proportions  required  for  Na0.5SnO,. 

24.  Some  purified  stauDate  of  Boda  that  had  been  dried  in  the  air  and 
then  kept  in  a  well  stopped  bottle  for  two  years,  on  being  treated  with 
ten  times  its  weight  of  cold  water,  left  undissolved  one  twenty-third  of 
the  tin,  comhined  with  soda  enough  to  make  NaO.  3  YSnO^. 

The  clear  liquor,  hy  standing  several  weeks,  let  fall  one-seventeenth  of 
its  tin  as  Na0.4-7Sn02. 

25.  A  ten  per  cent  solution  of  normal  stannate  being  kept  34  days, 
deposited  one-twelfth  of  the  oxyd  of  tin  in  combination  with  enough 
alkali  to  make  NaO .  dSnO,. 

26.  A  ten  per  cent  solution  of  NaO .  SnO^  was  boiled  a  few  momenta 
and  let  fall  one-sixteenth  of  its  tin  with  some  soda  forming  NaO .  SSnOj* 

27.  A  solution  containing  five  per  cent  of  pure  stannate,  by  boiling 
deposited  one-seventh  of  the  tin  as  NaO  .  S-YSnO,. 

28.  Boiling  a  two  per  cent  solution  of  NaO.SnOj  caused  the  precipi- 
tation of  over  one-third  of  the  tin  and  enough  soda  to  make  NaO  .  7Sn02. 

29.  A  one  per  cent  solution  of  pure  stannate  of  soda  required  long  boil- 
ing to  make  a  decided  precipitate  and  the  clear  liquor  filtered  out  of  the 
bulky  product  very  slowly.  The  well  drained  gelatinous  residue  was 
soluble  in  water  and  consisted  of  NaO.TsSnO^.  It  contained  over  one- 
half  of  the  tin. 

30.  A  solution  containing  I'l  p.  c.  of  NaO.SnO^  and  3  p.  c.  of  NaCl, 
being  boiled  five  minutes,  gave  a  dense,  opaque  precipitate  very  easy  to 
collect,  drain  and  press.  It  contained  one-fourth  of  the  tin  and  consisted 
of  NaO.a-TSnOa. 

The  addition  of  chlorid  of  sodium  and  subsequent  boiling  causes  a 
precipitation  in  a  solution  containing  no  more  than  0*1  p.  c.  of  normal 
stannate  of  soda. 

So  far  as  is  known  at  present,  there  is  nothing  to  show  that 
any  one  of  the  metastannates  more  than  another  is  entitled  to 
rank  as  a  definite  chemical  compound.  None  crystallizes ;  none 
is  a  product  invariably  coming  the  same  by  several  different 
ways  of  formation;  none  exhibits  a  plain  analogy  to  any  un- 
doubted exact  chemical  combination ;  nor  is  there  any  point  up 
to  which  the  variation  gradually  decreases,  and  beyond  which 
it  gradually  increases.    There  being  then  nothing  certain  on 
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which  a  formula  may  be  based,  it  seems  hardly  right  to  take 
any  one  chance  product,  and,  rejecting  the  odd  parts  of  equiva- 
lents, to  set  down  that  product  with  its  analysis  so  amended,  as 
the  true  metastannate  of  potash  or  of  soda.  The  composition 
of  substances  can  not  always  be  squared  with  exact  atomic  pro- 
portions, for  there  is  a  class  of  indefinites  in  which  one  of  the 
constituents  may  admit  of  a  large  increase  or  diminution  with^ 
out  apparent  alteration  in  the  character  of  the  compound.  As 
the  world  was  very  slow  to  comprehend  Wenzel's  proposition 
that  bodies  must  unite  in  fixed  and  invariable  proportions,  so 
has  it  since  been  quite  as  slow  to  learn  that  there  are  cases  in 
which  this  great  principle  does  not  hold  good.  Wenzel  says:^ 
"Dass  eitie  jede  Verbindung  der  Kdrper,  eine  bestimmte  und 
unveranderlich  bleibende  Abmessung  haben  muss,  die  ohne 
aiisserlich  mitwiirkende  Ursachen  weder  grosser  noch  geringer 
werden  kann,  weil  sonst  auch  nichts  gewisses  aus  ihrer  Ver- 
gleichung  bestimrat  werden  konnto,  ist  schon  an  sich  klar.  Es 
folgt  daher  nothwendig,  dass  eine  jede  mcJgliche  Verbindung 
zweyer  Korper,  mit  jeder  andern  bestandig  in  dem  genauesten 
Vernaltnisse  stehet,  und  dieses  Verhaltniss  driicket  den  Grad 
der  Verbindung  aus."  That  the  constitution  of  bodies  is  deter- 
minate and  unalterable,  is  hardly  self  evident,  and  indeed  it  is 
a  matter  to  be  proved  by  the  balance  rather  than  by  mere  rea- 
soning. It  is  true  that  the  confirmatory  instances  have  been 
found  to  be  numberless.  Still  a  great  many  do  not  necessarily 
make  all,  and  a  single  negative  example  is  sufficient  to  disprove 
absolute  universality.  Wenzel  himself,  while  laying  the  sure 
foundations  of  chemical  science,  fell  in  with  some  of  the  indefi- 
nites and  thus  unwittingly  furnished  some  negative  instances. 
He  proceeded  to  determine  the  equivalents  by  neutralizing  the 
acids  with  different  bases,  and  worked  correctly  so  long  as  those 
bases  were  protoxyds.  But  such  a  method  is  as  little  applicable 
to  alumina  and  similar  peroxyds  as  it  is  to  bone  earth, — **Elfen 
beinerde," — which  he  reckoned  among  the  simple  bases.  So 
after  attempting  to  saturate  nitric  acid  with  alumina,  he  con- 
cluded that*  "Das  Verhaltniss  der  Alaunerde  zum  starksten 
Salpetersauern,  ist  also  beynahe  ....  wie  349 :  240."  Instead 
of  forming  the  normal  nitrate  Wenzel  in  this  case  must  have 
got  the  soluble  basic  3AI3O3 .  2X0^,  and  stopped  at  a  supposed 
but  not  real  limit  of  solubility. 

Cases  of  indefinite  combination  are  not  unlike  those  of  solu- 
tion in  which  such  things  as  gum  or  albumen  are  concerned. 
These  may  unite  with  water  in  all  proportions,  while  most  crys- 
tallizable  substances  dissolve,  at  any  given  temperature,  until 
the  liquid  contains  a  certain  percentage  of  solid  matter, — a  per- 
centage which  is  exactly  definable  for  each  particular  salt.    In 

^  Lehro  vod  der  Verwandschaft  der  Eorper.    Dresden,  1782.    p.  4. 
•  Idem.  p.  118. 
Am.  Joub.  Soi.— Sboond  Sbries,  Vol.  XL,  No.  119.— Sept.,  1866. 
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the  pbenomenon  of  fusion  too,  though  almost  all  bodies  liquefy 
at  a  temperature  which  is  invariable  and  exact  for  each,  yet 
there  are  a  few  substances  that  pass  through  an  intermediate 
state  of  softening  before  fully  meltinK*  In  fusion  as  well  as  in 
solution,  abrupt  transition  from  the  solid  to  the  fluid  state  is  the 
general  rule ;  and  yet,  as  everybody  allows,  it  is  not  the  univer- 
sal law.  And  why  should  we  be  over-reluctant  to  admit  the 
possibility  of  some  instances  of  chemical  union  in  indefinite  pro- 
portions r 

Normal  Silicate  of  Soda. — The  only  alkaline  silicate  certainly 
known  to  be  crystallizable,  contains  two  Berzelian  equivalents 
of  silicic  acid,  SiO,,  to  three  equivalents  of  soda.  Bespecting 
the  amount  of  water  in  this  salt,  analysts  do  not  agree;  and  as 
the  several  observers  have  examined  crystals  obtained  by  unlike 
methods,  there  may  possibly  be  three  or  more  hydrates  produci- 
ble under  different  conditions  of  temperature,  concentration,  and 
purity. 

Fritzsche*  produced  a  salt  in  the  form  of  square  prisma,  by 
dissolving  in  caustic  soda  lye  a  (quantity  of  silica  equal  to  that 
of  the  drv  soda  present,  and  allowing  the  solution  to  rest  several 
days.  The  bruised  crystals  freed  from  mother  liquor  by  pres- 
sure between  folds  of  absorbent  paper,  gave  him  amounts  of 
silica  and  chlorid  of  sodium  corresponding  to  NaO.SiOj  .9H0. 
These  crystals  melted  at  about  40°  0.  Kept  over  sulphuric 
acid  they  in  time  effloresced  (verwittert)  to  the  center. 

Fritzsche  says  that  he  once  chanced  to  obtain  globular  masses 
studded  with  minute  crvstals  and  having  the  com{)Osition  NaO. 
SiOj .  6H0 ;  but  he  had.  never  succeeded  in  determining  the  con- 
ditions of  their  formation. 

Yorke"  fused  23  parts  of  sand  with  64  parts  of  dry  carbon- 
ate of  soda,  dissolved  the  resulting  mass  in  water,  ana  exposed 
the  solution  to  slow  evaporation  in  vacuo,  over  sulphuric  acid. 
The  rough  salt  was  recrystallized  in  vacuo,  to  get  ria  of  the  ex- 
cess of  carbonate,  and  the  pure  product  was  found  to  have  the 
composition  NaO.SiO,  .7H0.  He  also  obtained  crystals  of  the 
same  composition  from  a  solution  of  silica  in  caustic  soda. 

Yorke  round  these  crystals  to  part  with  all  their  water,  except 
a  fraction  of  one  per  cent,  by  exposure  to  a  heat  of  149°  C. 

Hausmann"  says  that  in  the  purification  of  rough  soda,  the 
mother  liquor  has  often  yielded  him,  in  large  quantity  (manch- 
mal  centnerweise),  rhombohedral  crystals  of  silicate,  permanent 
in  the  air,  and  having  the  the  composition  NaO.SiO,  .8H0. 

Ammon  "  also  obtained  the  octonydrate  in  the  form  of  mono- 
clinic  crystals,  by  dissolving  silica  in  soda  lye.  They  fused  at 
45^0. 

•  Popg.  Ann^  xliu,  185.  »•  PhiL  Tran»^  1857,  p.  588. 

"  Eidmaun's  Journal,  xii,  294. 

"  Will  and  Kopp^s  Juhresbericbt,  1862,  p.  188. 
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I  have  found  the  same  melting  point,  and  have  made  several 
analyses  which  invariably  go  to  confirm  the  formula  given  by 
Haasmann  and  by  Ammon.  Thus  in  one  case  the  pure,  care- 
fully dried  crystals,  by  suitable  treatment  with  nitric  acid,  gave 
22-74  p.  c.  of  SiO,,  and  nitrate  corresponding  to  28-66  p.  c.  of 
^aO.  Another  portion  of  the  same  sample  being  heated  with 
fused  bichromate  of  potash,  lost  54*18  p.  a 

The  percentages  answering  to  NaO.SiO,  .8H0,  would  be 
22  55  of  SiO„  23-81  of  NaO,  and  54-14  of  BO. 

The  pure  salt  may  be  very  easily  made  with  the  dense  liquid 
which  alcohol  throws  down  from  a  cleansed  solution  of  the  com- 
mercial silicate,**  STaSij-as.  When  such  a  precipitate  is  stirred 
up  with  an  equal  weight  of  caustic  soda  liquor  of  sp.  gr.  1-32 
considerable  heat  is  evolved,  and  if  the  mixture  is  set  in  a  cold 
place,  it  begins  to  crystallize  in  a  few  hours.  The  first  crop 
should  be  dissolved  in  a  little  water  and  recrystallized.  We 
thus  get  a  clear,  hard  salt  permanent,  except  in  presence  of  car- 
bonic acid.  And  to  avoid  the  action  of  this  gas  existing  in  the 
atmosphere,  it  is  well  to  dry  the  broken  up  crystals  in  a  closed 
space  over  lumps  of  caustic  soda  or  lime,  and  keep  them  in  a 
tightly  stopped  oottle.  But  as  in  cold  weather  both  the  forma- 
tion of  the  rough  salt  and  its  recrystallization  may  be  carried 
out  in  forty-eight  hours  or  less,  the  absorption  of  carbonic  acid 
by  the  dense  solution,  is  too  slight  to  affect  the  purity  of  the 
crystals  deposited.  Crystallization  in  vacuo  is  a  needless  refine- 
ment; and  spontaneous  evaporation  is  in  any  case  unnecessary, 
for  as  long  as  the  alkali  is  slightly  in  excess,  a  weak  solution 
can  just  as  well  be  rapidly  concentrated  by  heat. 

Ammon  attempted  in  vain  to  crystallize  the  potash  salt  and 
to  form  a  double  silicate  of  potash  and  soda. 

All  my  own  efforts  to  produce  crystals  of  potash  silicate  have 
thus  far  proved  unavailing,  though  I  have  exposed  very  con- 
centrated solutions,  for  many  days,  to  the  extreme  cold  of  winter. 

Berzelius  fixed  on  SiO,  as  the  constitution  of  silicic  acid, 
principally  on  account  of  an  assumed  analogy  between  feldspar 
and  alum ;  and  there  would  be  some  show  of  reason  for  such 
an  assumption,  if  feldspars  contained  twenty -four  equivalents 
of  water  and  were  the  only  known  combinations  of  protosili- 
cates  with  sesquisilicates.  oxxt  the  numerous  well  characterized 
siliceous  minerals  are  an  intractable  set  of  compounds,  what- 
ever theory  we  adopt,  and  any  formula  for  silica  which  gives 
conformity  to  one  class,  makes  other  species  altogether  anoma- 
lous. Why  should  we  slight  the  plain  guidance  of  the  simple 
silicates  and  selecting  feldspar, — a  complex,  anhydrous  combina- 
tion,— presume  on  its  resemblance  to  a  double  sulphate  which 

"  See  Part  III,  this  Journal,  nxiii,  p.  84.  In  tlie  18th  line  from  the  bottom  of 
that  page,  it  8hould  read,  '*add  to  the  fiitrate  two  parts  of  alcohol/' instead. of 
**  twenty  parts.** 
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crystallizes  only  as  a  hydrate?  "Why  should  we  pay  so  little 
regard  to  analogy  as  to  write  irajSi,fl,4  and  finggi,  for  sub- 
stances as  definite  as  crystallization  can  make  them,  when  soda 
and  lime  are  not  known  to  form  any  other  unquestionable  basic 
salts?  If  we  attribute  to  silica  a  composition  similar  to  that  of 
carbonic  acid,  the  monosilicates  OaSi,  lilgSi,  AdSi,  CaSi,  and  the 
basic  silicates  iKg.Si,  ^ki^Si)  ]fta,Si,  and  OusSi,  will  be  no  longer 
unparalleled;  ana  though  some  minerals  will  show  a  composi- 
tion unlike  that  of  artificial  salts,  most  of  the  double  silicates 
will  have  far  less  strange  looking  formulas. 

In  the  gum-like  compounds  of  acid  and  base,  crystallization 
can  take  place  only  when  the  colloid  constituent  is  reduced  to 
the  normal  quantity.  Thus  the  sesquinitrates  of  glucina,  iron, 
and  chrome  may  K)rm  crystals  when  there  is  a  full  amount  of 
acid  present;  but  an  excess  of  base  utterly  prevents  crystalliza- 
tion. We  have  seen  also  that  the  stannates  can  remain  stan- 
nates  only  while  there  is  no  lack  of  alkali.  Now  if  we  add 
caustic  soda  to  waterglass,  the  mixture  becomes  capable  of  af- 
fording crystals  just  so  soon  as  the  quantity  of  soda  very  slightly 
exceeds  that  of  silicic  acid,  and  no  sooner.  Fair  analogical  rea- 
soning would  lead  to  the  belief  that  then,  and  not  till  then,  had 
we  come  to  the  proportions  of  the  normal  salt. 

Thermic  Relations  of  Waterglass, — Another  argument  for  the 
formula  SiO,,  though  not  of  itself  a  perfectly  conclusive  one, 
may  be  drawn  from  the  behavior  of  waterglass  when  mixed  with 
caustic  alkali.  Taking  a  ten  per  cent  solution  of  soda,  which 
is  too  weak  to  become  sensibly  warm  by  mere  dilution,  if  we 
add  half  an  equivalent  to  an  equivalent  of  Na02SiO,,  the  tem- 
perature immediately  rises.  Another  half  equivalent  of  alkali 
causes  the  evolution  of  somewhat  less  heat  than  before.  A  far- 
ther addition  of  soda,  is  not,  indeed,  entirely  without  eflFect, — ^as 
Thomsen  "  also  observed  with  respect  to  silicic  acid  as  well  as 
phosphoric  and  boracic  acids, — yet  the  elevation  of  temperature 
IS  now  so  very  slight  that  we  must  consider  the  silicate  as  hav- 
ing already  reached  the  composition  of  the  normal  salt  As 
NaOSiO,  shows  a  capability  of  evolving  much  heat  with  soda, 
it  must  be  an  acid  salt,  and  that  cannot  be  its  true  constitution. 
Trials  of  mixture  were  made  with  two  thermometers  graduated 
to  fifths  of  a  degree  Fahrenheit 

ai.  1 10  g.  of  a  solution  containing  47  p.  c.  of  NaO ,  t2-8'7SiOj  at  64'4* 
F.,  were  mixed  with  212  g.  of  a  10  p.  c  caustic  soda  liquor  at  64*2®,  so 
as  to  make  NaO.SiOj.  The  thermometer  was  raised  to  71*4**,  making 
a  rise  of  7-8^  F. 

82  a.  110  g.of  47  p.  c  Na0.2-48iO«  at  61-5**  F.  were  mixed  with 
90  g.  of  10  p.o.  NaO  at  Ol^*'  to  form  NaO.l'SSiO^  or  NaO.SiOj.  The 
thermometer  rose  to  71*4*,  making  an  increase  of  QS'  F. 

5.  The  ?00  g.  of  XI  at  65-2'*  F.  were  mixed  with  122  g.  of  10  p.  c 

^*  Pogg.  AnnaleD,  xd,  90,  91. 
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NaO  at  64*9*,  so  as  to  produce  NaO.Si^.  The  thermometer  then  stood 
at  67•3^  making  a  rise  of  22**  F. 

c.  Some  of  the  neutral  silicate  of  b  at  64*6^  F.  was  mixed  with  half 
its  weight  of  a  10  p.  c.  soda  solution  at  64*9°.  It  rose  to  65*4*',  making 
an  elevation  of  0*7®  F. 

Reckoning  the  increase  in  each  case  as  affecting  only  the  original  110  g. 
of  silicate,  Uie  rise  in  80  would  be  21*87^  F.  In  82  a,  it  would  ^ 
17-82'*,  and  in  h  it  would  amount  to  8-64%  or  in  both  together  21•86^ 

In  82  c  it  would  be  only  l•06^ 

This  heatiDg  by  no  means  arises  from  simple  condensation, 
for  dilution  of  the  same  waterglass  with  mere  water,  causes  even 
more  contraction.    Thus : 

88  a.  A  narrow  necked  100  c.  c.  bottle  containing  60-6 16  g.  of  47 
p.  c  Na0.2'4Si02  of  sp.  gr.  1*658,  was  cautiously  filled  up  with  water. 
It  was  then  closed  and  well  agitated  and  there  was  a  striking  decrease 
of  volume.  Water  was  added  once  or  twice  with  farther  agitation  till  it 
stood  at  the  right  level  at  the  normal  temperature.  68*88  g.  of  water 
had  been  put  in,  and  the  sp.gr.  was  now  1*474.  Calculation  shows  that 
instead  of  100  c.  c,  it  should  have  measured  101*86  c.  c  So  the  con- 
traction amounted  to  1*34  p.  c. 

h.  110  g.  of  the  47  p.  c.  waterglass  were  mixed  with  90  g.  of  caustic 
soda  liquor  of  sp.  gr.  1*164.  The  sp.  gr.  was  now  1*868,  and  therefore 
the  contraction  amounted  to  0*8  p.  c. 

c.  The  liquor  of  6  being  farther  diluted  with  125*2  g.  of  caustic  soda 
liquor,  the  whole  bulk  was  diminished  0*6  p.  c 

The  total  contraction  in  both  mixings  amounted  to  0*96  p.  c.  of  what 
the  aggregate  volume  should  have  been. 

Though  condensation  results  from  the  dilution  of  waterglass 
with  water,  it  is  a  remarkable  fact,  and,  as  far  as  I  can  learn,  one 
that  has  hitherto  remained  unnoticed,  that  there  is  at  the  same 
time  a  positive  reduction  of  temperature. 

84.  110  g.  of  47  p.  c.  of  NaO .  2*4Si02  at  68*6*'  F.,  were  mixed  with 
90  g.  of  water  at  68  4**.  The  temperature  fell  to  61-9*',  making  a  fall  of 
l-6*»  F. 

86  a.  100  g.  of  47  p.  c.  NaO .  2*4Si02  at  66*2**  F.  were  mixed  with 
60  g.  of  water  at  66**.    It  got  down  to  65•l^  making  a  fail  of  l**  F. 

6.  These  160  g.  cooled  to  60*1®  were  mixed  with  60  g.  of  water  at 
60**.    The  thermometer  then  stood  at  69*2^  making  a  fall  of  0*87®  F. 

c.  The  200  g.  of  6  at  61*8®  were  mixed  with  60  g.  of  water  at  61*4'*. 
It  fell  to  60*86  making  a  fall  of  0*45**  F. 

Bringing  all  to  the  same  standard  by  reckoning  the  reduction  of  tem- 
perature as  concentrated  in  100  g.,  the  fall  in  a  would  be  1*6^;  in  5, 
1-74'*;  in  c,  1-12**;  and  in  84  it  would  be  2*9®  F. 

It  needs  a  more  extensive  examination  than  has  yet  been 
made,  to  show  whether  this  unaccountable  behavior  is  peculiar 
to  waterglass.  Metastannate  of  potash  is  neither  heated  nor 
cooled  by  dilution.  Nor  is  the  treatment  of  the  metastannate 
with  caustic  potash  liquor  attended  with  any  more  elevation  of 
temperature  than  might  be  due  to  the  precipitation  which  resultai. 
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This  latter  fact,  as  well  as  the  slight  solubility  of  metajBtan- 
nate  in  caustic  potash,  shows  that  metastannate  of  potash  is  very 
slow  to  combine  with  more  alkali.  Still  farther  illustrations  of 
this  point  will  be  given  when  we  come  to  treat  of  the  silicates 
of  lime.  The  so-called  metastannate  is  therefore  rightly  named, 
and  is  not  an  acid  salt  nor  an  unsaturated  stannate.  And,  by 
contrast,  the  great  avidity  with  which  waterglass  unites  with 
more  base,  goes  to  prove  that  the  silica  in  it  is  not  a  metacid, 
but  is  of  the  same  kind  as  that  in  the  normal,  crystallized  sili- 
cate of  soda. 
Hanchetter,  N.  H.,  April  29. 


Art.  XIX. — Speculations  upon  a  possible  method  of  determining  the 
distance  of  certain  variably  colored  Stars ;  by  JOSEPH  Whabtok. 

Arago  conceived  the  idea  of  testing  the  correctness  of  the 
corpuscular  or  emission  theory  of  light  by  subjecting  two  rays 
of  aiflFerent  velocities  to  the  same  refracting  influence ;  for,  as  that 
theory  explained  refraction  to  be  due  to  retardation  of  velocity 
caused  by  the  molecular  attraction  of  the  refracting  medium, 
rays  entering  the  medium  at  different  velocities  should  be  differ- 
ently refracted.  To  get  rays  of  different  velocities,  he  took  light 
from  a  star  toward  which  the  Earth  in  its  orbit  was  moving,  and 
from  another  star  which  the  Earth  was  moving  away  fronu 
Supposing  the  ray  to  strike  the  Earth  from  the  first  of  these 
stars  at  the  real  velocity  of  light  plus  the  velocity  of  the  Earth, 
and  that  from  the  other  at  the  real  velocity  of  light  minus  that 
of  the  Earth,  Arago  had  two  rays  entering  his  refractor  at 
velocities  differing  by  about  j^Vt-  Arago  found  no  difference 
in  the  refraction  of  his  two  rays,  and  his  conclusion  thence 
derived  that  the  corpuscular  theory  of  light  is  untenable,  has 
been  generally  accepted ;  this  experiment  having  in  fact  been, 
frequently  quoted  as  one  of  the  props  of  the  adverse,  or  undu- 
latory,  theory. 

It  seems,  however,  rather  surprising  that  any  great  weight 
should  be  attached  to  an  apparent  disproval,  by  a  single  test,  of 
one  merely  imaginary  function  of  corpuscular  light,  especially 
as  the  test  itself  is  utterly  fallacious;  for  who  shall  say  that 
retardation  by  attraction  is  the  only  possible  means  by  which 
emitted  light  could  be  refracted  ?  and  how  can  we  know  that  the 
two  stars  selected  by  Arago  had  either  no  proper  motion  of  their 
own,  or  none  of  a  sort  to  affect  his  result? 

Perhaps  the  only  cases  in  which  we  can  be  sure  of  receiving 
star-light  of  absolutely  different  velocities  are  those  of  such 
binary  stars  the  plane  of  whose  orbit  is  not  at  right  angles  with 
the  line  from  thence  to  the  Earth.    When  that  line  lies  in  the 
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plane  of  such  an  orbit,  and  the  two  stars  are  situated  at  right 
angles  to  that  line,  it  is  clear  that  the  velocity  of  the  rays  reach- 
ing OS  from  one  star  exceeds  that  of  the  rays  from  the  other  by 
doable  the  speed  of  those  stars  in  their  orbit  That  light  reaches 
US  at  various  velocities  from  all  the  various  stars  is  of  course  as 
certain  as  that  they  have  proper  motions,  or  that  our  solar 
system  is  moving  through  space ;  but  the  difficulties  in  the  way 
of  gaining  any  accurate  comparison  of  those  velocities  are  very 
great. 

In  reflecting  upon  the  undulatory  theory  of  light  I  have  been 
quite  unable  to  conceive  how  the  luminiferous  aether  could 
"  tremble  laterally**  as  the  phrase  is,  causing  vibrations  transverse 
to  the  line  of  propagation,  without  a  direct  relation  existing 
between  those  lateral  vibrations  and  the  forward  impulses  by 
which  the  phenomena  of  light  are  translated.  The  setner  being 
continuous  and  material  and  elastic,  being  in  a  word  capable  of 
sustaining  a  vibration,  a  vibratory  impulse  in  it  at  right  angles 
to  the  course  of  a  rav  of  light  seems  fairly  comparable  to  a 
lateral  displacement  of  a  point  in  a  rope,  or  to  the  merely  verti- 
cal vibration  in  a  water  wave  not  of  translation,  or  to  the  vibra- 
tion of  air  by  a  sound,  all  of  which  vibrations  produce  (we  may 
almost  say  are)  longitudinal  undulations. 

But  if  the  lateral  vibrations  of  the  aether  produce  the  onward 
propagation  of  the  ray,  then  the  number  of  lateral  impulses  in  a 
second  equals  the  number  of  forward  impulses  arriving  in  a 
second  at  a  relatively  stationary  point,  ana  as  it  is  established 
that  the  number  of  lateral  impulses  varies  according  to  the  color 
of  the  light,  so  the  number  of  forward  impulses  striking  a  rela- 
tively stationary  point — say  a  retina — must  vary  with  the  color 
of  the  light;  ana  if  the  source  of  light,  instead  of  being  at  a 
constant  distance,  should  rapidly  approach  the  retina,  the  latter 
must  receive  a  greater  number  of  impulses  per  second,  and  its 
impression  of  color  therefore  must  be  correspondingly  modified. 
If  the  retina  and  the  source  of  light  rapidly  separate  from  each 
other,  the  number  of  impulses  striking  the  retina  must  on  the 
other  hand  be  diminished,  producing  the  corresponding  change 
in  the  perceived  color. 

Now,  if  we  imagine  a  star  emitting  white  light  to  approach  us 
in  an  orbital  movement  at  a  sufficient  rate  of  speed,  its  light 
should  appear  to  us  reddish,  changing  at  the  perigee  into  white, 
changing  again  into  blueish  as  the  star  departs,  and  again  into 
white  at  the  apogee.  There  are,  however,  variable  stars  whose 
colors  undergo  exactly  those  changes,  viz:  passing  from  one 
color  to  its  complimentary,  and  back  again,  with  periods  of  white 
light  intervening.  Thebinary  stars,  whose  colors  are  frequently 
complimentary  to  each  other,  should,  under  the  proper  circum- 
stances, exhibit  the  same  circuit  of  change,  but  I  am  not  pre- 
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pared  to  say  that  they  do  so  in  any  case:  it  is  in  fact  asserted 
that  the  larger  star  is  usually  red  and  the  smaller  one  blue. 

Supposing  this  train  of  thought  to  be  sound,  and  that  by  ex- 
tremely careful  observation  a  diflTerenoe  could  be  detected  in  the 
position  of  a  variably  colored  star  when  it  appears  red,  from  its 
position  when  blue,  we  should  then  be  upon  the  track  to  calcu- 
late  its  distance.  We  should  need  to  know  the  differing  rates  of 
light  impulses  required  to  produce  the  observed  colors,  the  time 
occupied  by  the  star  in  passing  from  one  extremity  of  its  course 
to  the  other,  and  the  angular  distance  between  those  extreme 
positions.  Let  us  assume  that  such  a  variably  colored  star  has 
oeen  found,  which  has  a  measurable  change  of  position  in  one 
line,  in  other  words  the  plane  of  whose  orbit  coincides  with  our 
line  of  vision,  and  let  us  assume  that  its  extreme  colors  indicate 
a  difference  in  the  rate  of  arrival  of  light  impulses  (or  in  other 
words  a  difference  in  the  velocity  of  the  light  arriving  from  that 
star  at  the  two  periods),  equal  to  2i;,  then  the  actual  speed  of  the 
star  in  its  orbit  =  v  and  as  the  orbital  period  of  the  star  has  been 

V  X  ^ 
found  =<,  it  follows  that  u  ..  ,^^  is  the  real  length  of  that  diame- 
ter which  is  the  measured  angular  distance  between  the  two 
extreme  positions  of  the  star.  Knowing  the  angle,  and  the 
length  of  the  base  which  subtends  it,  we  have  the  distance  of 
the  star. 

If  a  pair  of  binary  stars  could  be  found  whose  colors  alter- 
nate, and  which  alternately  eclipse  each  other,  the  matter  would 
be  simplified  by  so  much  as  accurate  measurement  of  the  angle 
of  parallax  would  be  facilitated. 

Should  it  be  objected  that  no  such  binary  stars  have  been 
observed,  and  that  no  change  of  position  has  been  noticed  in 
any  single  stars  of  variable  color,  I  can  only  reply  that  possibly 
it  may  be  worth  while  to  direct  attention  to  those  points. 

Should  it  be  said  that  this  hypothesis  of  the  cause  of  variable 
color  in  stars  would  oblige  us  to  believe  that  rays  of  different 
colors  are  propagated  at  different  velocities,  and  that  this  whole 
suggestion  is  valueless  until  those  velocities  have  been  deter- 
mined by  direct  experiment,  I  answer  that  very  probably  rays 
of  different  colors  have  different  velocities,  and  that  to  deter- 
mine them  would  be  a  most  important  achievement. 

To  conclude,  I  offer  the  analogy  of  the  changing  tone  of  a 
locomotive  whistle  as  you  rush  past  it  on  another  train.  Here, 
as  you  approach  the  sound,  its  impulses  reach  you  more  fre- 
quently than  if  its  source,  and  you,  were  at  rest.  At  the  instant 
of  passing,  you  receive  the  normal  number  of  impulses,  and 
after  passing  the  impulses  reach  you  less  frequently.  The  shrill 
shriek,  the  real  tone,  and  the  low  roar  in  this  case  are  facts  which 
I  suppose  to  be  parallel  to  the  red,  the  white,  and  the  blue  light 
of  a  star  moving  swiftly,  first  toward,  and  then  from  us. 
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Art.  XX. — ContributUms  to  Oie  Chemistry  of  Natural  Waters;  by 
T.  Stebry  Hunt  :  of  the  Geological  Survey  of  Canada. 

HI. 

Chemical  and  Geological  Considerations, 

Ck>2iTiNT8  OF  Seotions.— 52,  Balts  of  alkaline  metals,  proportion  and  sources  of  pot* 
ash ;  53,  potash  in  a  borax  lalse,  in  the  primitive  sea ;  54,  salts  of  lime  and 
magnesia,  relations  of  chlorids  and  carbonates;  55,  solnbilitj  of  earthy  carbon- 
ates; 56,  supersaturated  solutions  of  carbonates  of  lime  and  magnesia ;  57,  salts 
of  barium  and  strontium,  solution  of  their  sulphates;  58,  iron,  manganese,  alu- 
mina and  phosphates ;  59,  brumids  and  iodids ;  the  small  portion  of  bromine  and 
the  excess  of  iodine  in  saline  springs  as  compared  with  the  modem  ocean ;  60, 
probable  relation  of  iodids  to  sediments;  61,  sulphates,  their  elimination  from 
waters ;  62,  water  holding  a  soluble  sulphuret ;  68,  borates,  their  detection  and 
determination;  64,  analysis  of  a  borax  water  from  Califomia;  65,  carbonate^ 
their  amounts  in  the  Caledonia  waters ;  66,  intervention  of  neutral  carbonate  of 
soda;  67,  deficiency  of  carbonic  acid  in  waters;  68,  reactions  of  various  waters; 
69,  silica,  its  source  and  its  proportion ;  70,  its  condition ;  formation  of  silicates ; 
71,  organic  matters;  72,  geological  position  of  the  waters  here  described:  73, 
succession  of  Paleozoic  strata ;  Uthological  relations  of  successive  formations ;  74, 
Quebec  group,  its  waters;  75,  sources  of  various  classes  of  waters;  76,  their 
relation  to  the  formations ;  77,  association  of  unlike  waters,  changes  in  consti- 
tution; 78,  temperature  of  springs,  thermal  waters;  79,  geological  interest  of 
the  above  analyses ;  possible  results  of  the  evaporation  of  these  springs ;  80,  re- 
lations of  mineral  springs  to  folding  and  to  metamorphism  of  strata;  81,  on  the 
supposed  origin  of  the  primeval  ocean  and  the  earliest  sediments;  82,  on  the 
theory  of  metalliferous  oeposits. 

§  52.  &ilts  of  the  Alkaline  Metals. — These  salts  abound  in  most 
saline  waters,  and  except  in  the  few  cases  in  which  sulphate  of 
magnesia  prevails,  form  a  large  part  of  the  soluble  matters 
present.  The  salts  of  sodium  are  by  far  the  most  abundant, 
and  the  proportion  of  potassium  salt  is  generally  small.  The 
chlorid  of  potassium  in  modern  sea-water  constitutes  three  or 
four  hundredths  of  the  alkaline  chlorids,  while  in  the  brines 
from  old  rocks,  and  in  saline  waters  of  the  first  two  classes 
alike  fronj  Germany,  England,  the  United  States,  and  Canada, 
its  proportion  is  much  less,  sometimes  amounting  to  traces  only. 
In  the  waters  of  classes  III  and  IV,  where  alktuine  carbonates 
appear,  and  even  predominate,  the  proportion  of  potassium  salt 
becomes  greater.  Thus  of  the  waters  of  the  latter  class  (§  45), 
the  alkalies  of  the  Nicolet  spring  calculated  as  chlorids  contain 
1*89  percent  of  chlorid  of  potassium,  and  those  of  the  Jacques- 
Cartier  2  95;  while  for  the  St.  Ours  spring  the  chlorid  of  potas- 
sium is  equal  to  not  less  than  250  per  cent.  There  does  not 
however  appear  to  be  any  relation  between  the  proportion  of 
alkaline  carbonate  and  that  of  potassium,  since  tne  salts  from 
the  waters  first  named  are  more  alkaline  than  those  of  St.  Ours ; 
while  those  of  the  alkaline  water  of  Joly  contain  less  than  one 
per  cent  of  potassic  chlorid. 
Am.  Jour.  Soi.— Sbcond  Sbbibs,  Vol.  XL,  No.  119.— Sept.,  1866. 
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The  amount  of  this  salt  obtained  from  the  water  of  the  Otta- 
wa River  is  worthy  of  notice,  being  equal  to  not  less  than  32*0 
per  cent  of  the  alkaline  chlorids,  while  in  the  waters  of  the  St. 
Lawrence  it  amounts  to  16  0  per  cent/  A  large  proportion  of 
potassium  relatively  to  the  sodium  has  already  been  ooservedin 
the  case  of  many  ordinary  river  and  spring  waters,  and  this  is 
readily  explained  when  we  consider  the  extent  to  which  potash, 
is  set  free  by  the  decomposition  of  both  vegetal  and  mineral 
matters  at  the  earth's  surface.  The  process  by  which  this  base 
is  eliminated  in  filtering  through  soils  has  already  been  explained 
in  §  5.  The  occasional  presence  of  considerable  amounts  of 
potash  in  sulphated  mineral  waters  (Lersch,  Hydro-chemie,  p. 
346)  is  explained  by  the  power  of  solutions  of  gypsum  to  set 
free  this  alkali  from  soils  (§  7),  and  also  probably  in  some  cases 
by  the  dissolution  of  double  potassic  salts  like  polyhalite.  Strata 
holding  glauconite,  which  occurs  alike  in  Paleozoic  and  more 
recent  formations,*  may  also  be  conceived  to  yield  potash  salts 
to  infiltrating  waters. 

§  53.  It  will  be  seen  that  the  waters  above  noticed,  in  which 
the  proportion  of  the  potash  to  the  soda  is  large,  are  but  feebly 
saline,  so  that  the  real  amount  of  potassium  is  in  no  case  great 
I  have,  however,  recently  examined  the  water  of  a  borax  lake 
from  California,  which  contains  in  1000  parts  17-250  of  solid 
matters,  of  which  1'818  is  carbonate  of  potash,  the  remainder 
being  soda-salts,  carbonate,  borate,  chlorid,  and  a  little  silicate^ 
with  no  sulphate  (§  64).  This  amount,  if  represented  as  chlorid 
of  potassium,  is  equal  to  1  963,  or  11*46  per  cent  of  the  alka- 
lies calculated  as  chlorids.  The  amount  of  potassium  salt  in 
this  water  is  consequently  about  forty  times  greater  than  in  that 
of  St.  Ours. 

The  fact  of  special  importance  as  regards  the  alkaline  metals 
in  the  waters  whose  analyses  we  have  given  in  this  paper  is  the 
very  small  amount  of  potassium  in  the  strongly  saline  muriated 
waters  of  the  first  three  classes,  which  we  conceive  to  be  more 
or  less  directly  derived  from  the  waters  of  the  ancient  ocean. 
To  this  primeval  sea,  almost  destitute  of  potassium,  the  process 
of  mineral  decay  has  been  for  ages  adding  potash  salts,  and 
despite  the  partial  elimination  of  these  by  vegetation  (§  5),  and 
by  the  formation  of  glauconite,  we  fincl  a  notable  proportion 
of  potash  in  the  waters  of  the  modern  ocean. 

In  the  analyses  of  the  saline  waters  here  given  lithia  was 

»  T.  S.  Hunt,  (L.,  E.  and  D.  PhiL  Mag.,  [4],  xiii,  289);  and  Geology  of  Canada, 
page  565. 

'  For  a  notice,  with  analyses  by  the  author,  of  a  green  hydrated  silicate  of 
alnmioa,  iron  and  potash,  alued  to  glauconite,  from  the  Paleozoic  rocks  of  Canada 
and  of  the  Mississippi  valley,  see  the  Geology  of  Canada,  pages  487,  488 ;  where 
also  will  be  found  an  analysis  by  the  author  of  the  glauconite  frora  the  Cretaoeoos 
formation  of  New  Jersey.    See  also  this  Journal,  [2],  zxxiii,  277. 
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sought  for  in  a  few  instances,  and  was  detected  in  tbe  waters  of 
Varennea  Most  of  these  analyses  were  made  before  the  discov- 
ery of  the  new  metals  cajsium  and  rubidium. 

§  54.  Salts  of  Calcium  and  Magnesium. — We  have  to  consider 
under  this  head  the  relations  both  of  the  chlorids  and  the  car- 
bonates of  these  bases.  The  bitter  saline  waters  of  the  first  class, 
although  containing  large  quantities  of  chlorids  of  calcium  and 
magnesium,  are,  as  we  have  seen,  generally  destitute  of  earthy 
carbonates.  These  latter,  however,  are  found  in  small  quanti- 
ties in  the  alkaline  waters  of  the  fourth  class,  and  in  somewhat 
larger  amounts  in  those  intermediate  waters  which  form  classes 
II  and  III,  and  are  apparently  formed  by  admixtures  of  the  two 
classes  previously  mentioned.  Besides  the  carbonates  of  lime 
and  magnesia  which  the  waters  of  the  fourth  class  hold  in  solu- 
tion, the  carbonate  of  soda  which  they  contain  gives  rise,  by  its 
reaction  with  the  chlorids  of  calcium  and  magnesium,  to  addi- 
tional quantities  of  the  carbonates  of  these  bases.  In  the  waters 
of  Kingston  (§  36),  a  large  amount  of  chlorid  of  calcium  is  as- 
sociated with  earthy  carbonates,  and  these  waters  thus  offer  a 
passage  from  the  first  to  the  second  class. 

In  most  of  the  waters  of  the  second  class,  as  will  be  seen 
from  the  table  §  42,  there  appears  but  a  small  amount  of  chlorid 
of  calcium;  and  even  this  depends  upon  the  manner  in  which 
the  analysis  has  been  conducted.  We  may  suppose  in  the  recent 
water  such  a  partition  of  bases  between  the  chlorine  and  the 
carbonic  acid  that  chlorid  of  calcium,  chlorid  of  magnesium,  bi- 
carbonate of  lime  and  bicarbonate  of  magnesia  co-exist.  When 
such  a  solution  is  submitted  to  evaporation  at  ordinair  tempera- 
tures, provided  there  is  present  a  sufiicient  amount  of  chlorid  of 
calcium,  carbonate  of  lime  alone  is  deposited,  and  chlorid  of 
magnesium  remains  in  solution. 

In  case  the  chlorid  of  calcium  is  insufficient,  the  lime  is  still 
first  deposited  as  carbonate,  and  the  more  soluble  magnesian  car- 
bonate is  precipitated  by  further  evaporation.  When  however 
such  a  water  is  boiled,  a  reverse  process  takes  place ;  the  car- 
bonate of  lime  slowly  decomposes  the  magnesian  chlorid,  and 
carbonate  of  magnesia  is  deposited,  while  chlorid  of  calcium  re- 
mains in  solution.  Hence  if  the  amount  of  chlorid  of  magne- 
sium be  great  enough,  and  the  ebullition  sufficiently  prolonged, 
the  precipitate  will  at  length  contain  only  carbonate  of  magne- 
sia; while  an  equivalent  of  chlorid  of  calcium,  now  found  in 
the  solution,  represents  the  carbonate  of  lime  which  the  analysis 
of  the  precipitate  at  an  earlier  stage  of  the  ebullition  would 
have  furnished. 

As  an  example  of  tliis  may  be  cited  the  analysis  of  the  water 
of  Ste.  Genevieve  (§  42,  No.  8),  where  the  precipitate  after  a 
few  minutes'  boiling  contained  carbonates  of  lime  and  magne^a 
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ia  the  proportion  12  :  750.  When  however  another  portion  iras 
boiled  down  to  one-sixth,  the  precipitate  was  found  to  be  pure 
carbonate  of  magnesia.  Again,  the  Plantagenet  water  gives, 
by  ebullition,  the  results  set  foith  in  §42,'No.  1;  showing 
chiefly  carbonate  of  magnesia,  together  with  a  portion  of  chlorid 
of  calcium.  When  however  this  water  is  left  to  spontaneous 
evaporation,  the  whole  of  the  lime  separates  as  carbonate,  and 
the  liquid  remains  for  a  time  charged  with  carbonate  of  magne- 
sia, probably  as  sesqui-carbonate.  This  solution  is,  however, 
after  a  time  spontaneously  decomposed  even  in  closed  vessels, 
with  deposition  of  a  portion  of  crystalline  hydrated  carbonate 
of  magnesia;  another  portion  remains  in  solution,  together  with 
chlorid  of  magnesium,  but  is  precipitated  by  ebullition.  (This 
Journal  [2],  xxvii,  173.) 

§  55.  Bicarbonate  of  magnesia  and  chlorid  of  calcium,  when 
brought  together  in  solution,  undergo  mutual  decomposition  with 
separation  of  carbonate  of  lime  if  the  solutions  are  not  too  dilute. 
At  the  ordinary  temperature  and  pressure,  water  saturated  with 
carbonic  acid  will  not  hold  in  more  than  about  one  gram  of  car- 
bonate of  lime  to  the  liter  (1 :  1000) ;  equal  to  only  0*88  grams  of 
carbonate  of  magnesia.  (The  solubility  of  carbonate  of  lime  in 
pure  water  is  well  known  to  be  much  less,  and  ia,  according  to 
Bineau,  equal  to  1 :  80,000  or  1 :  50,000.)  We  should  not  there- 
fore  expect  to  find  that  water  holding  chlorid  of  calcium  in  solu- 
tion would  yield,  by  boiling,  more  than  the  latter  amount  of 
magnesian  carbonate ;  so  much  micht  evidently  be  formed  by 
the  action  of  dissolved  carbonate  of  lime  which  the  water  might 
hold  as  bicarbonate.  I  have  elsewhere  described  a  series  of  ex- 
periments on  the  solubility  of  bicarbonate  of  lime  both  in  pure 
water  and  in  saline  solutions,  and  have  shown  that  the  presence 
of  salts  of  soda,  lime  and  magnesia  does  not  increase  the  amount 
of  bicarbonate  of  lime  which  water  is  capable  of  holding  perma- 
nently in  solution.  In  view  of  these  facts  it  seems  at  first  sight 
difficult  to  explain  how  a  mineral  water  like  that  of  Kingston 
(§  36,  No.  7),  holding  a  large  quantity  of  chlorid  of  calcium, 
could  yield,  as  appears  from  Dr.  Williamson's  analysis,  1*287 
grams  of  carbonate  of  magnesia,  equal  to  1462  of  carbonate  of 
lime  to  the  liter.  Recent  experiments  have  however  shown  me 
that  supersaturated  solutions  of  a  oertain  stabilitv  may  be  obtain- 
ed, in  which  comparatively  large  quantities  of  neutral  carbon- 
ates of  lime  and  magnesia  exist  in  tne  presence  of  sulphates  and 
chlorids  of  calcium  and  magnesium.  Beserving  for  another 
occasion  a  description  of  the  details  of  these  investigations,  I 
shall  briefly  state  the  reaults  obtained. 

§  56.  In  a  memoir  on  the  salts  of  lime  and  magnesia  published 
in  1859  (in  this  Journal  [2],  xxviii,  171),  it  was  shown  that  by  the 
addition  .of  bicarbonate  of  «oda  to  a  «olution  holding  chlorids  of 
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sodium,  calcium  and  magnesium,  with  or  without  sulphate  of 
soda,  and  saturated  with  carbonic  acid,  it  was  possible  to  obtain 
transparent  solutions  holding  from  8'40  to  4*16  grams  of  carbon- 
ate of  lime  to  the  liter;  of  which  however  the  greater  part  was 
deposited  after  twenty-four  hours;  when  the  solutions  were  found 
to  contain  somewhat  less  than  10  gram  in  the  form  of  bicarbonate. 
Boutron  and  Boudet  had  previously  shown  that  by  saturating 
lime-water  with  carbonic  acid,  solutions  were  obtained  holding 
in  a  liter  2*3  grams  of  carbonate  of  lime ;  of  which  one  half  was 
soon  deposited,  even  when  the  solution  was  kept  under  a  press- 
ure of  several  atmospheres.  It  would  thus  seem  that  saline 
liquids  favor  this  temporary  solubility  of  the  carbonate  of  lime. 

In  all  of  the  above  experiments  an  excess  of  carbonic  acid 
was  present,  but  this  I  have  since  found  is  not  essential,  since 
super-saturated  solutions  may  be  obtained  holding  as  much  as 
12  grams  of  carbonate  of  lime,  together  with  sulphate  of  mag- 
nesium and  chlorid  of  calcium,  in  a  liter  of  water,  without  any 
excess  of  carbonic  acid.  The  power  of  alkaline  chlorids  and  of 
chlorid  of  calcium  to  prevent  the  precipitation  of  chlorid  of  cal- 
cium by  carbonate  of  soda  has  already  been  observed  by  Storer, 
(Dictionary  of  Solubilities,  p.  110).  I  have  found  that  the  pre- 
cipitate produced  by  the  admixture  of  solutions  of  these  two  salts 
is  readily  dissolved,  when  recent,  by  a  solution  of  chlorid  of  cal- 
cium, or  of  sulphate  of  magnesia ;  and  thus  liquids  may  be  pre- 
pared holding  at  the  same  time  from  1*0  to  1*2  grams  of  neutral 
carbonate  of  lime  and  10  of  neutral  carbonate  of  magnesia  in 
presence  of  sulphate  of  magnesia.  These  solutions  of  carbonate 
of  lime,  which  are  strongly  alkaline,  may  be  kept  for  twelve 
hours  or  more  without  perceptible  change  at  ordinary  tempera- 
tures, but  after  a  time  deposit  crystals  of  hydrated  carboiiate  of 
lime.  The  addition  of  alcohol  immediately  throws  down  the 
whole  of  the  carbonate  of  lime  in  an  amorphous  condition. 

The  carbonate  of  magnesia  is  still  more  soluble  than  the  car- 
bonate of  lime  under  similar  conditions,  and  it  is  possible  to  ob- 
tain 5*0  grams  of  neutral  carbonate  of  magnesia  dissolved  in  a 
liter  of  water  holding  seven  per  cent  of  hydrated  sulphate  of 
magnesia,  without  any  carbonic  acid.  These  solutions,  which  ' 
are  strongly  alkaline  to  test  papers,  yield  a  precipitate  by  heat, 
which  re-dissolves  on  cooling. 

It  is  evident  that  the  mingliug  of  saline  and  alkaline  waters 
may  give  rise  to  solutions  like  those  just  described,  and  thus  ex- 
plain apparent  anomalies  in  composition  like  that  of  the  Kings- 
ton water.  See  also  in  this  connection  the  observations  of 
Bineau,  and  my  own  on  the  properties  of  solutions  of  sesqui- 
carbonate  of  magnesia.     (This  Journal  [2],  xxvii,  173.) 

§  57.  Salts  of  Barium  and  Strontium, — As  will  be  seen  from 
the  preceding  tables,  the  salts  of  these  two  bases  are  found  in 


Digitized  by  VjOOQ IC 


198        T.  8.  HutU  on  the  Chemistry  of  Natural  Watet^s. 

very  many  of  the  saline  and  alkaline  waters  of  Canada.  Their 
carbonates  probably  sustain  to  the  magnesian  chlorid  a  similar 
relation  with  that  of  calcium,  and  hence  these  bases  appear  ia 
some  of  the  analyses  partly  as  carbonates,  and  partly  as  chlorids 
of  barium  and  strontium.  The  precipitate  formed  in  the  con- 
centrated and  acidulated  water  by  dilute  sulphuric  acid  was, 
whenever  submitted  to  analysis^  found  to  contain  both  barium 
and  strontium.  For  the  separation  of  these  the  mixed  sulphates 
were  first  converted  into  chlorids;  the  barium  was  then  thrown 
down  as  silico-fluorid,  and  the  strontium  subsequently  precipi- 
tated by  a  solution  of  gypsum. 

The  insolubility  of  its  sulphate  must  have  excluded  baryta 
from  the  waters  of  the  primeval  sea,  and  when  set  free,  as  we 
may  suppose  by  the  decomposition  of  its  silicated  compounds  ex- 
isting in  the  primitive  crust,  (§  81)  its  soluble  bicarbonate  car- 
ried down  to  the  sea  would  there  be  precipitated  by  the  sul- 
phates present  A  similar  process  must  still  go  on  with  all  the 
dissolved  barytic  salts  which  find  their  way  to  the  ocean. 

The  sulphate  of  baryta  thus  accumulated  in  sedimentary 
strata,  may  be  partially  decomposed  by  infiltrating  solutions  of 
alkaline  carbonates,  and  thus  be  rendered  capable  of  being  sub- 
sequently dissolved  as  carbonate ;  but  the  most  probable  mode 
of  its  solution,  is,  we  conceive,  through  its  previous  reduction  by 
organic  matters  to  the  form  of  a  soluble  sulphuret  (§  10),  ready 
to  be  converted  into  carbonate  or  chlorid  of  barium.  In  this 
way  we  may  explain  the  frequent  occurrence  of  baryta  salts  in 
the  saline  waters  of  the  first  three  classes,  and  the  consequent 
absence  of  sulphates,  which  will  be  ftirther  considered  in  §  61. 
From  the  similarity  of  its  chemical  reactions,  the  preceding  re- 
.  marks  apply  to  strontia  as  well  as  baryta. 

§58.  Iron,  Manganese,  Alumina,  and  Phosphates, — None  of 
the  waters  of  the  four  classes  here  described  contain  any  not- 
able quantity  of  iron,  yet  this  element  is  never  wanting  ia  those 
waters  which  contain  earthy  carbonates.  Whenever  a  portion 
of  one  of  these  waters,  or,  better,  the  earthy  precipitate  separated 
from  it  by  boiling,  is  evaporated  to  dryness  with  an  excess  of 
hydrochloric  acid,  the  residue,  treated  with  acidulated  water, 
yields  a  portion  of  silica,  and  the  solution  will  then  be  found  to 
yield  with  ammonia  a  precipitate.  This,  which  is  partially  solu- 
ble in  caustic  alkalies,  is  often  colorless,  and  will  be  found  to 
consist  of  alumina  and  peroxyd  of  iron,  with  phosphoric  acid 
and  a  trace  of  manganese,  which  latter  metal  is  seldom  or  never 
absent.  The  small  quantity  of  alumina  which  these  waters 
contain  appears  not  to  be  derived  from  suspended  argillaceous 
matters,  but  to  be  held  in  a  state  of  solution. 

The  phosphates  are  generally  present  only  in  very  small  quan- 
tities in  these  waters,  for  the  reason  pointed  out  in  §  5.    The 
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largest  amount  which  I  have  met  with  was  in  an  alkaline  water 
from  Fitzroy  (§  43,  No.  4) ;  where  it  was  equal  to  '0124  of  tri- 
basic  phosphate  of  soda  in  1000  parts  of  water. 

§  59.  Bromids  and  lodids, — The  chlorids  in  these  ancient  min- 
eral waters  are  always  accompanied  by  bromids  and  iodids ;  but 
the  proportion  of  the  bromids  to  the  chlorids  appears  to  be 
much  less  than  in  the  waters  of  the  modem  seas.  According  to 
Usiglio,  100  parts  of  the  salts  from  the  Mediterranean  contain 
1*48  of  bromid  of  sodium ;  while  ten  analyses  by  von  Bibra  of 
the  waters  of  different  oceans,  give  from  0  86  to  1*46,  affording 
for  100  parts  of  salts  a  mean  of  1*16  of  bromid  of  sodium, 
equal  to  1*04  parts  of  bromid  of  magnesium.  The  waters  of 
Whitby  and  Hallowell,  on  the  contrary,  which  are  the  richest 
in  bromids  of  those  described  in  this  paper,  contain  only  0*54 
and  0*69  parts  of  bromid  of  sodium  in  100  parts  of  solid  mat- 
ters ;  while  few  of  the  saline  springs  of  the  second  class  contain 
more  than  one-half  of  this  proportion,  and  some  of  them  very 
much  less. 

With  regard  to  the  iodids  in  many  of  these  waters,  however, 
the  case  is  very  diflferent.  The  waters  of  the  modern  ocean,  as 
is  well  known,  contain  but  traces  of  iodine,  and  in  some  strongly 
saline  springs  of  the  first  class,  like  that  of  Whitby,  it  is  only 
in  the  alcoholic  extract  of  the  salts  from  this  water  that  iodine 
can  be  detected.  The  Hallowell  water  (§  36,  No.  3),  which 
closely  resembles  this  in  its  general  composition,  and  in  the  pro- 
portion of  bromids,  is  however  so  rich  in  iodine  that  its  presence 
can  readily  be  discovered  without  previous  evaporation.  It  is 
suflScient  to  add  to  the  recent  water  acidulated  by  hydrochloric 
acid  a  little  solution  of  starch  and  a  few  drops  of  nitrite  of  pot- 
ash to  produce  an  intense  blue  color.  The  iodid  of  sodium  in 
the  first-named  water  was  found  equal  to  0*0017  parts  of  the 
solid  matters,  and  that  of  the  second  to  0*019,  or  nearly  twelve 
times  as  much.  The  unconcentrated  saline  waters  of  Ste.  Gene- 
vieve, of  the  second  class  also  give  a  strong  reaction  for  iodine ; 
and  when  acidulated  with  hydrochloric  acid,  without  previous 
evaporation,  yield  with  a  salt  of  palladium  an  insoluble  precipi- 
tate of  iodid  of  palladium  after  a  few  hours.  The  salts  from 
these  two  springs  of  Ste.  Genevieve,  though  poorer  in  bromids, 
are  much  richer  in  iodids  than,  the  waters  of  Hallowell ;  the 
spring  No.  8,  containing  in  100  parts  of  salt  no  less  than  0-138 
of  iodine ;  so  that  there  appears  to  be  no  constant  proportion 
between  the  chlorids,  bromids,  and  iodids  of  these  salme  waters. 

§  60.  The  relations  of  bromids  and  iodids  to  argillaceous  sedi- 
ments have  yet  to  be  determined.  It  would  appear  from  the 
facts  just  cited  that  bromine  has  in  the  course  of  ages  been 
slowly  eliminated  from  insoluble  combinations,  and  like  potas- 
sium, has  accumulated  in  the  waters  of  the  ocean ;  while  the 
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facts  in  the  history  of  iodine  seem  to  point  to  a  process  the  re- 
verse of  this;  in  other  words  to  a  gradual  elimination  of  iodine 
from  the  sea-waters,  and  its  fixation  in  the  earth's  crust.  The 
observations  of  numerous  chemists  unite  to  show  the  frequent 
occurence  of  small  portions  of  iodine  in  some  unknown  com- 
bination, in  sedimentary  rocks  of  various  kinds ;  from  which  we 
may  conjecture  that  it  was  in  former  times  abstracted  frona  the 
sea,  either  directly  or  through  the  intervention  of  organic  bodies 
(as  in  the  case  of  potash,  which  is  separated  and  fixed  by  means 
of  algae,  §  6).  Experiments  after  the  manner  of  those  of  Way 
and  Yoelcker  may  throw  light  upon  this  interesting  question. 
We  are  aware  that  insoluble  combinations  of  soluble  chlorids 
with  silicates  of  alumina  are  found  under  certain  conditions,  as 
appears  in  the  generation  of  sodalite,  eudialyte,  and  the  chlorif* 
erous  micas,  and  it  is  not  improbable  that  the  soluble  iodids  may 
give  rise  to  similar  compounds.  By  such  a  process  might  l>e 
explained  the  rarity  of  this  element  in  modern  seas,  while  the 
occasional  re-solution  of  the  iodine  from  these  insoluble  com* 
pounds  by  infiltrating  waters,  would  help  to  explain  the  vari- 
able and  often  large  proportions  in  which  this  element  is  met 
with  in  some  of  the  waters  noticed  above. 

§  61.  Sulphates. — In  the  preceding  sections  we  have  already 
discussed  the  principal  facts  in  the  history  of  those  neutral 
waters  in  whicn  sulphates  predominate,  or  prevail  to  the  exclu- 
sion of  chlorids  (§  50,  51).  The  history  and  the  probable  origin 
of  those  curious  springs  which  contain  free  sulphuric  acid  has 
also  been  considered  (§  31,  48,  49) ;  and  it  now  remains  to  no- 
tice the  relation  of  sulphates  to  the  muriated  waters.  The  first 
fact  that  excites  our  attention  is  that  of  the  total  absence  of  sul- 
phates from  numerous  springs  of  the  first,  second  and  third 
classes ;  as  shown  in  the  preceding  analyses,  and  also  in  the  ob- 
servations of  Lenny  and  others  on  the  saline  waters  over  a  great 
area  in  Western  Pennsylvania  (§  40). 

The  elimination  of  sulphate  in  the  form  of  gypsum  from  evap- 
orating waters  containing  an  excess  of  chloria  of  calcium  has 
already  been  discussed  in  §  37 ;  but  the  bitterns  resulting  from 
such  a  process  still  retain  small  portions  of  sulphates,  while  it  is 
to  be  remarked  that  the  saline  waters  under  consideration  con- 
tain no  traces  of  sulphates,  and  .in  many  instances  hold  portions 
of  baryta  and  strontia,  bases  incompatible  with  the  presence  of 
sulphates.  The  modes  in  which  this  complete  elimination  of 
sulphates  may  be  effected  are  two  in  number.  The  first  has 
already  been  suggested  in  §  10,  and  depends  upon  the  deoxyd- 
izing  power  of  organic  matters,  which  reduces  the  sulphates  to 
sulphurets.  These  in  their  turn  may  be  converted  into  carbon- 
ates, the  sulphur  being  separated  either  as  sulphuretted  hydro- 
gen (giving  rise  by  oxydation  to  free  sulphur),  or  as  insoluble 
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metallic  sulphurets.  This  reducing  action  not  only  decomposes 
the  solable  salphates  of  soda,  lime  and  magnesia,  but  also,  as 
has  been  pointed  out  in  §  67,  may  extend  to  sulphate  of  baryta, 
and  thus  sulphuret  or  carbonate  of  baryta  be  formed.  It  is  the 
action  of  these  soluble  baryta  salts  which  constitutes  the  second 
mode  of  desulphatizing  waters ;  and  this,  if  we  may  judge  from 
the  frequence  with  which  baryta  salts  occur  in  the  saline  waters 
in  question,  appears  to  have  been  the  most  general  process. 

It  is  a  fact  worthy  of  notice  that  a  saline  spring  at  Sabrevois, 
near  Lake  Champlain,  which  holds  both  baryta  and  strontia  in 
solution,  is  at  the  same  time  slightly  impregnated  with  sulphur- 
etted hydrogen.  Another  saline  and  sulphurous  spring,  which 
rises  within  ten  feet  of  this,  contains,  however,  a  portion  of  sul- 
phates.    (Geology  of  Canada,  page  642.) 

§  62.  I  am  indebted  to  Prof  Croft  of  Toronto,  for  some  notes 
of  a  recent  examination  by  himself  of  a  saline  of  the  first  class, 
which  contains  at  the  same  time  a  soluble  sulphuret.  This  water, 
from  a  boring  sunk  to  a  depth  of  several  hundred  feet  through 
the  Devonian  limestone  at  Chatham,  Canada  West,  had  a  spe- 
cific gravity  of  1089*8,  and  yielded  for  a  thousand  parts  about 
61  of  solid  matters.  It  contained  large  portions  of  chlorid  of 
calcium  and  magnesium,  with  very  little  sulphate,  traces  of  car- 
bonate, and  no  free  carbonic  acid.  The  water,  which  gave  aa 
alkaline  reaction  with  turmeric,  was  greenish  in  color,  very  sul- 
phurous to  the  taste,  and  yielded  a  purple  color  with  nitro-prussid 
of  sodium,  and  a  black  precipitate  of  sulphuret  with  a  solution 
of  sulphate  of  iron.  A  current  of  carbonic  acid  rendered  the 
recent  water  opalescent,  and  by  exposure  to  the  air  it  deposited 
sulphur.    A  quantitative  analysis  of  this  water  is  to  be  desired. 

§  68.  Borates. — The  reddening  of  the  yellow  color  of  turmeric 
paper  in  presence  of  free  hydrochloric  acid,  aflbrds,  with  cer- 
tain precautions,  the  ordinary  means  for  detecting  small  portions 
of  boric  acid.  Most  of  the  waters  of  the  third  and  fourth 
classes,  and  some  of  those  of  the  second,  have  been  tested  in 
this  way,  and  have  never  failed,  when  reduced  to  a  small  vol- 
ume, and  acidulated  with  hydrochloric  acid,  to  give  this  reac- 
tion ;  which  was,  however,  most  marked  with  the  waters  of  the 
fourth  class.  The  determination  of  the  amount  of  boric  acid  in 
saline  waters  presents  no  small  diflicijlty.  In  the  case  of  the  al- 
kaline water  of  Joly  (§  45,  No.  8)  the  following  process  was, 
however,  attempted.  The  salts  left  by  its  evaporation  were 
treated  with  carbonate  of  ammonia  to  separate  a  portion  of  silica, 
and  then  with  recently  precipitated  carbonate  of  silver,  by  which 
the  alkaline  chlorids  were  converted  into  carbonates.  The  solu- 
tion now  retained  in  some  undetermined  form  a  portion  of  sil- 
ver, which  was  separated  by  fusing  the  evaporated  saline  residue 
in  a  silver  crucible.  By  a  second  evaporation  and  fusion  there 
Am.  Joxm.  Soi.— Second  Skbibs,  Vol.  XL,  No.  119.— Sept.,  1805. 
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was  obtaiDed  a  mixture  of  soda  and  potash,  combined  only  with 
carbonic,  sulphuric  and  boric  acids.  By  directly  determining 
the  other  ingredients  the  boric  acid  was  estimated  from  the  Ices, 
and  was  found  equal  to  0  028  parts  in  1000  of  water,  which  con- 
tained 0*75^  of  solid  matters.  The  conversion  into  carbonate 
of  the  sulphates  in  the  mixed  salts,  by  the  aid  of  bicarbonate  of 
baryta,  would  simplify  this  process.  In  §35  it  has  been  ex- 
plamed  that  the  amount  of  carbonate  of  soda  in  the  waters  oi 
the  third  and  fourth  classes  was  generally  calculated  from  the 
excess  of  the  alkaline  bases,  and  controlled  by  the  amount  of 
carbonate  of  baryta  precipitated  from  chlorid  of  barium  by  the 
alkaline  salt.  It  was  found,  however,  that  this  last  method 
always  presented  a  certain  deficit,  due  to  the  borate  of  soda, 
whose  quantity  in  many  of  the  waters,  is  too  large  to  be  disre- 
garded. The  precipitate  of  carbonate  of  baryta  contained  a  por- 
tion of  sparingly  soluble  borate  of  baryta,  which  was  not  com- 
pletely removed  by  long  and  continued  washing. 

§  64.  I  have  recently  had  an  opportunity  of  examining  the 
water  of  a  borax  lake  from  California,  which  contains,  beside 
borate  and  carbonate  of  soda,  a  portion  of  chlorid,  and  a  little 
silicate,  traces  only  of  phosphate,  and  no  sulphate.  It  held  in 
solution  very  small  quantities  of  earthy  carbonate,  and  was  re- 
markable for  a  large  proportion  of  potash,  already  referred  to  in 
§  53.  The  evaporated  and  fused  saline  residue  was  treated  by 
the  ordinary  methods  for  the  determination  of  the  chlorine,  car- 
bonic acid  and  silica ;  while  the  bases  were  obtained  in  the  form 
of  sulphates  by  the  aid  of  sulphuric  and  hydrofluoric  acids,  and 
afterwards  separated  as  chlorids  by  the  aid  of  chlorid  of  plati- 
num. From  the  data  thus  obtained  the  following  ingredients 
were  found  by  calculation  for  1,000  parts  of  the  water : 

Carbonate  of  soda, 9*476 

Blborate  of  soda, 4895 

Chlorid  of  sodium, 1*702 

Carbonate  of  potash 1*818 

Silica, 0129 

17*620 

The  potasium  as  above  determined,  equals  11*4$  per  cent  of 
the  bases  weighed  as  chlorids;  another  trial  gave  1141.  Al- 
though for  convenience  we  have  represented  the  potassium  as 
carbonate,  it  will  be  seen  .that  the  amount  of  chlorine  is  such 
that  it  might,  for  the  greater  part,  have  been  represented  as 
chlorid  of  potassium,  with  an  equivalent  portion  additional  of 
carbonate  of  soda. 

§  65.  Carbonates. — In  describing  in  §  48  the  alkaline-saline 
waters  of  Caledonia  it  has  been  shown  that  these  contained  a 
quantity  of  carbonic  acid  insufficient  to  form  bicarbonates  with 
the  carbonated  bases  present.  It  was  partly  with  this  fact  in 
view  that  after  an  interval  of  more  than  seventeen  years  I  un- 
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dertook  the  new  analyses  of  these  waters  which  in  §  47  are 
given  side  by  side  with  the  earlier  resolta.  In  these  recent  analy- 
ses, as  there  remarked,  a  slight  excess  of  carbonic  acid  was 
met  with.  In  the  interval  the  springs  had  undergone  a  change 
in  composition.  And  while  the  third  one  still  retained  in  a 
slight  aegree  its  alkaline  character,  the  other  two  had  become 
waters  of  the  second  class,  holding,  instead  of  carbonate  and  sul- 
phate of  soda,  chlorid  of  magnesium  and  baryta  salts.  The 
amount  of  carbonic  acid  had,  however,  undergone  but  little 
change;  and,  as  will  be  seen  by  comparing  the  figures  below 
with  those  in  the  table  in  §  47,  the  slignt  diminution  in  the  first 
and  third  corresponds  very  closely  with  the  falling  off  in  the 
anwunt  of  solid  matters  between  1847  and  1866;  while,  on  the 
contrary,  the  augmentation  in  the  amount  of  carbonic  acid  in 
the  second  is  accompanied  with  a  corresponding  increase  in  the 
amount  of  fixed  matters  present 

C<urbonic  acid  in  one  iitft  of  the  Caledonian  watert. 

1847.  1865. 

Gas  sprinir,      ....        -705  gnm,       "67 1  gram. 
Saline  spring,      .        .        ,        .     -648    "  -664    " 

Sulphur  spring,        -        -  -690    **  -678    " 

While  the  amounts  of  fixed  matters  and  of  carbonic  acid  in 
the  several  waters  have  undergone  but  little  change,  we  find, 
however,  that  there  has  been  a  great  diminution  in  the  propor- 
tion of  carbonated  bases.  Thus  in  the  Gas  spring  in  1847  the 
carbonic  acid  required  for  the  neutral  carbonates  found  in  the 
analysis  was  '366,  while  for  the  same  water  in  1865  only  *278  of 
carbonic  acid  was  required.  In  the  Sulphur  spring,  in  like  man- 
ner, the  neutral  carlH)nates  required  -449,*  or  more  than  three- 
fourths  of  the  carbonic  acid  present;  while  the  falling  off  of  the 
amount  of  carboniU;es  in  1865  is  such  that  only  '191  of  carbonic 
acid,  or  just  about  one-third  of  the  carbonic  acid  present,  is  re- 
quired for  the  neutral  carbonate.  Nor  is  this  change  due  en- 
tirely to  a  less  amount  of  carbonate  of  soda ;  the  carbonates  of 
lime  and  magnesia  in  1847  required  '246,  and  in  1865  only  *153 
of  carbonic  acid.  The  changed  conditions  which  we  here  meet 
with  may  be  explained  by  supposing  that  the  carbonated  bases 
are  due  to  the  mingling  in  different  proportions  of  neutral  car- 
bonate of  soda  (generated  by  the  reaction  indicated  in  §  13,) 
with  an  earthy  saline  water  holding  a  constant  amount  of  free 
carbonic  acid  ;  which,  in  some  cases,  is  more  than  is  required  to 
form  bicarbonates,  but  in  others,  as  we  have  seen  above,  shows 
a  deficiency. 

§  66.  If  we  admit,  as  I  have  already  assumed,  that  the  waters 
of  the  second  and  third  classes  have  been  generated  by  the 
mingling  of  solutions  of  carbonate  of  soda  with  waters  o.f  the 

'  By  mistake  tbls  b  printed  -849  in  §  43. 
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first  class,  it  can  readily  be  shown  that  these  solutions  contained 
chiefly  or  exclusively  the  neutral  carbonate.  If  we  add  a  solu- 
tion of  bicarbonate  of  soda  to  earthy  saline  waters  of  the  first 
class  it  is  easy  to  obtain  solutions  holding  twenty  grams  or 
more  of  bicarbonate  of  magnesia  to  the  liter ;  while  in  none  of 
the  natural  waters  of  the  second  class  do  our  analyses  show  the 
existence  of  much  over  one  gram  to  the  liter.  Again,  if  we 
suppose  any  considerable  amount  of  chlorid  of  calcium  to  be 
decomposed  by  bicarbonate  of  soda,  separation  of  the  lime  in  the 
form  of  neutral  carbonate,  and  the  liberation  of  the  second  equiv- 
alent of  carbonic  acid,  would  yield  waters  holding  an  excess  of 
carbonic  acid  above  that  required  to  form  the  bicarbonates  of  the 
solution.  From  the  absence  of  such  an  excess,  as  appears  in  the 
case  of  the  waters  of  Caledonia,  Varennes,  St.  Leon  and  Caxton, 
and  from  the  small  amount  of  bicarbonate  of  magnesia  in  these 
waters,  it  may  be  concluded  that  the  alkaline  salt  whose  addition 
has  changed  their  character  was  the  neutral  carbonate  of  soda. 

§  67.  Examples  are  not  wanting  of  waters  in  which,  as  in 
those  of  Caledfonia  in  1847,  the  carbonic  acid  is  insufficient  to 
form  bicarbonates,  or  even  neutral  carbonates,  with  the  bases 
uncombined  with  sulphuric  acid  or  chlorine.  Thus,  according 
to  Pagenstecher  and  Mliller,  the  spring  and  well-waters  of  Berne 
do  not  contain  sufficient  carbonic  acid  for  the  lime  present,  a 
part  of  which  they  suppose  to  be  held  in  solution  as  a  silicate. 
See  Bischof,  Chem.  Geology,  i,  6;  who  remarks  that  Ldwig 
seems  to  have  observed  thesame  fact  in  the  thermal  spring  of 
Pfaffers.  For  further  examples  of  this  kind  see  Lersch,  Hydro- 
Chemie,  page  883.  The  carbonic  acid  in  the  water  of  Toplitz,  is 
according  to  him,  not  sufficient  to  form  bicarbonates  unless  the 
silica  present  be  supposed  to  be  combined  with  a  portion  of  bases ; 
while  in  the  alkaline  thermal  spring  of  Bertrich,  according  to  the 
analysis  of  Mohr,  a  similar  deficiency  of  carbonic  acid  exists ; 
leading  to  the  conclusion  that  a  part  of  the  earthy  bases  present 
is  in  combination  with  silica  and  organic  matters.  The  existence 
of  solutions  holding  comparatively  a  large  amount  of  neutral  car- 
bonates of  lime  and  magnesia,  as  described  in  §56,  is  not  without 
interest  in  this  connection  ;  since  it  at  once  affords  an  explana- 
tion of  the  nature  and  origin  of  all  such  alkaline  waters,  and 
waters  deficient  in  carbonic  acid,  as  contain  earthy  sulphates  and 
chlorids. 

§  68.  It  was  found  that  the  waters  of  Chambly  in  1864,  and 
of  the  Sulphur  spring  of  Caledonia  in  1865,  gave  with  lime- 
water  a  precipitate  which  was  soluble  in  an  excess  of  these  min* 
eral  waters,  but  to  a  much  less  extent  than  in  the  acidulous 
saline  water  from  the  High-Rock  springs  of  Saratoga.  The 
latter,  which  contains  bicarbonate  of  soda,  and  is  highly  charged 
with  carbonic  acid,  turns  to  a  wine-red  the  blue  <x)lor  of  litmus 
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tincture,  which  is  not  changed  by  the  Chambly  or  the  Caledonia 
water.  The  Saratoga  water,  after  some  time,  gives  a  feeble  al- 
kaline reaction  with  dahlia  paper;  this  is  more  distinctly  but 
slowly  changed  by  the  Caledonia  water,  and  almost  immediately 
turned  to  green  by  that  of  Chambly.  This  latter  water  readily 
browns  yellow  turmeric  paper,  which  is  scarcely  aflFected  by  the 
water  of  Caledonia, 

§  69.  Silica. — ^The  silica  which  exists  in  solution  in  cold  saline 
springs  is  generally  very  small  in  amount,  as  might  be  expected 
from  the  insolubility  of  earthy  silicates,  which  is  such  that  super- 
ficial drainage  waters  in  filtering  through  the  soil  lose  the  silica 
which  they  held  in  solution  (§5).  We  have  further  shown  that, 
as  a  result  of  this  tendency  to  the  formation  of  insoluble  silicates, 
the  silicate  of  soda  liberated  in  the  sediments  by  the  decomposi- 
tion of  feldspar,  generally  appears  at  the  surface  as  carbonate  of 
soda,  having  been  decomposed  by  earthy  carbonates  (§  13). 

In  two  cases,  however,  considerable  Quantities  of  silica  are 
found  dissolved  in  natural  waters.  The  nrst  is  met  with  where 
the  rapid  solvent  and  decomposing  action  of  heated  waters  is 
exerted  upon  alkaliferous  siliceous  minerals  (§14),  as  seen  in 
springs  like  the  Geysers.  The  second  case  is  that  of  those  rivers 
and  streams  which  drain  surfaces  covered  with  decaying  vegeta- 
tion and  decomposing  silicates,  from  both  of  which  they  derive 
dissolved  silica.  Such  waters  contain  but  small  amounts  of  solid 
matters,  but  the  proportion  of  silica  is  relatively  considerable, 
amounting,  as  we  have  seen  in  the  water  of  the  Ottawa  Biver, 
(which  contains  in  10,000  parts,  0*6116  of  solid  matters),  to 
0*2060,  or  thirty -two  per  cent;  while  in  the  St.  Lawrence,  (which 
contains  for  the  same  amount  of  water,  1*6056,)  the  silica  equals 
•3700,  or  twenty-four  per  cent  of  the  solid  ingredients.  The 
analysis  by  H.  Deville  of  the  river-waters  of  France  show,  in 
like  manner,  large  amounts  of  silica,  which  seem  to  have  been 
hitherto  overlooked  in  the  analyses  of  most  chemists.  (Ann.  de 
Chim.  et  de  Phys.,  [3]  xxiii,  32. 

It  will  be  seen  by  a  reference  to  the  tables  of  analyses  given 
in  the  second  part  of  this  paper,  that  in  the  waters  of  the  second 
class  the  amount  of  silica  is  equal  to  from  0*16  to  0*60  parts  for 
100  00  solid  matter.  In  the  alkaline  waters  of  the  tnird  and 
fourth  classes  its  proportion  is  greater,  and  up  to  a  certain  point 
appears  to  increase  with  that  of  the  carbonate  of  soda.  In  the 
following  table  the  proportions  of  carbonate  of  soda  and  silica 
for  100*0  parts  of  solia  matters  are  given  for  certain  springs, 
whose  analyses  will  be  found  in  tables  ill  and  IV : 


III. 
1. 

•6 
•4 

III. 
6. 

1-6 
•4 

III. 
2. 

2-4 
•6 

III. 
6. 

8-4 
•6 

III. 
4. 

7-0 

III. 
8. 

8-0 
1-5 

Til. 
8. 

9-2 
1-7 

III. 
7. 

21-0 
2-9 

IV. 
I. 

26-0 
80 

IV. 
8. 

300 
8-2 

IV. 
2. 

660 
8*2 

IV. 
6. 

6-7 
82*0 

Carb.  of  soda 

Silica 
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The  amount  of  silica  which  these  waters  contain  does  not  in 
any  case  exceed  one  or  two  ten-thousandths,  and  it  is  well  known 
that  water  at  the  ordinary  temperature  may  dissolve  very  much 
more  than  this  amount  of  silica,  even  in  the  presence  of  alkaline 
chlorids  and  of  bicarbonates. 

§  70.  Inasmuch  as  carbonic  acid,  according  to  Bischof  (Chem. 
Oeol.  i,  2),  decomposes  not  only  the  silicates  of  soda,  but  those 
of  lime  and  magnesia,  when  they  are  in  solution,  it  might  be  sup- 
posed that  the  silica  in  the  above  waters  exists  either  in  a  free 
state  or  as  a  soluble  silicate  with  a  great  excess  of  acid.  The 
latter  view,  especially  in  the  case  of  magnesia,  is  rendered  proba- 
ble by  numerous  experiments  which  I  shall  describe  in  another 
paper,  and  which  form  a  part  of  the  series  already  mentioned 
in  §  14.  From  these  it  appears  that  free  soluble  silica,  when 
mingled  with  a  solution  of  oicarbonate  of  magnesia,  or  with  the 
neutral  carbonate  dissolved  in  sulphate  of  magnesia  in  the  man- 
ner described  in  §  56,  whether  separating  immediately  or  by  a 
slower  process  of  gelatinization,  always  carries  down  with  it,  in 
combination,  a  few  hundredths  of  magnesia. 

In  these  experiments,  besides  the  carbonate  of  magnesia,  sul- 
phate orchloridof  magnesium  was  present;  but  the  silicated 
natural  waters  now  under  discussion  are  alkaline  from  the  pres- 
ence of  carbonate  of  soda,  and  whatever  partition  of  bases 
between  carbonic  and  silicic  acids  may  exist  in  the  recent  waters, 
we  may  suppose  that  when  they  are  boiled  a  silicate  of  soda  is 
formed,  with  the  expulsion  of  carbonic  acid.  The  silicate  thus 
produced  reacts  on  the  earthy  bases  present,  with  the  production 
of  silicates  of  lime  and  magnesia,  which  are  in  part  precipitated 
with  the  earthy  carbonates.  Berzelius  and  Kersten  long  since 
observed  the  separation  of  such  silicates  during  the  evaporation 
of  the  waters  of  Carlsbad  and  of  Marienbad  (Bischof  i,  6) ;  while 
a  silicate  of  lime  is  said  to  be  deposited  from  the  waters  of  Wies- 
baden. But  the  silicates  thus  formed  are  but  partially  precipita- 
ted— a  portion  remaining  in  solution  till  a  late  period  of  the 
evaporation.  Dr.  J.  Lawrence  Smith  long  since  remarked  the 
existence  of  a  dissolved  silicate  of  lime,  apparently  combined 
with  soda,  in  the  concentrated  alkaline  waters  of  Broosa  in  Asia 
Minor,  (this  Journal  [2],  xii,  877). 

Many  facts  in  accordance  with  the  above  were  observed  in  the 
analyses  of  the  waters  described  in  this  paper.  Thus  the  water 
of  Beloeil,  which  held  in  1000  parts  -114  of  silica,  when  evapora- 
ted to  one-tenth,  deposited  with  the  carbonates  'OSO  of  silica,  and 
the  hydrochloric  solution  of  the  precipitate  became  gelatinous 
during  evaporation.  The  solation  still  retained  in  solution, 
besides  a  portion  of  lime,  '064  of  silica,  which  was  completely 
separated  when  the  alkaline  liquid  was  evaporated  to  dryness  in 
contact  with    the  earthy  carbonates  previously  precipitated. 
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When  however  these  were  removed  by  iBltration  it  was  foand 
that  during  the  evaporation  to  dryness  a  reaction  took  place  by 
which  the  precipitated  silicate  of  lime  was  partially  decomposed, 
the  separated  silica  being  redissolved  by  the  alkaline  carbonate. 
In  the  case  of  the  Chambly  water  of  1862,  which  contained  in 
1000  parts  '073  of  silica,  '042  parts  still  remained  in  solution  in 
the  water  evaporated  to  one  twentieth ;  and  in  that  of  the  Ottawa 
River  when  reduced  to  one  fortieth  there  still  remained  in  solu- 
tion from  10000  parts  of  water,  -075  of  silica  and  '028  of  lime. 
Similar  results  were  observed  with  the  alkaline  saline  waters  of 
Varennes  and  Fitzroy,  and  all  of  these  yielded,  by  further  evap- 
oration, precipitates  containing  silica  and  lime,  and  in  one  in- 
stance magnesia. 

It  is  not  however  from  alkaline  waters  like  these,  but  from 
neutral  sea-water  that  the  silicates  of  magnesia  (and  of  lime), 
which  abound  in  stratified  rocks,  have  been  for  the  most  part 
formed.     See  further  on  this  point,  §  41. 

§  71.  Organic  Matters. — In  §  44  we  have  described  some  of  the 
reactions  of  the  organic  matter  found  in  the  Chambly  water,  and 
it  is  to  be  remarked  that  small  portions  of  a  similar  substance 
were  found  in  all  alkaline  waters  of  the  third  and  fourth  classes 
and  caused  them  to  become  brownish  when  evaporated  to  a  small 
volume.  This  it  has  been  already  suggested  may  have  a  suf)er- 
ficial  origin,  the  organic  matters  carried  down  by  surface  waters 
being  kept  in  solution  by  the  alkaline  salts;  it  is  not,  however, 
impossible  that  this  same  menstruum  may  remove  the  organic 
matters  which  abound  in  the  pyroschists  and  other  materials  of 
organic  origin  in  the  ancient  rocks.  Thus,  for  example,  the  cop- 
rolites  of  the  Lower  Silurian  limestones  contain  so  much  animal 
matters  as  to  evolve  an  odor  like  burning  horn  when  exposed  to 
heat.    (Gteology  of  Canada,  462.) 

The  Ottawa  water  (§  45)  when  boiled  to  one-tenth  dejposits  a 
precipitate  in  small  bright  brown  iridescent  scales.  Tnis  was 
founa  to  contain  silica,  carbonate  of  lime  and  a  small  portion  of 
an  organic  substance  which  was  dissolved  in  a  dilute  potash  ley. 
The  brown  solution  thus  obtained  was  not  disturbea  by  acetic 
acid  and  acetate  of  copper,  but  by  the  subsequent  addition  of  car- 
bonate of  ammonia  yielded  a  white  precipitate.  The  concentra- 
ted water  retained  a  large  proportion  of  organic  matter,  and 
when  reduced  to  a  small  bulk,  was  dark  brown,  alkaline  to 
turmeric  paper,  and  continued  by  evaporation  to  deposit  opaque 
films  of  silicate  of  lime.  The  finally  dried  residue  was  dark 
brown  in  color,  and  carbonized  by  heat,  burning  like  tinder,  and 
diffusing  an  ajgreeable  odor.  The  residue  of  10*000  parts  dried 
at  SOO""  F.,  weighed  -6974,  and  lost  by  gentle  ignition  1685,  con- 
sisting partly  of  organic  matter. 
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No  chemical  examinatioa  was  made  of  this  matter  held  in  so- 
lution by  the  concentrated  water.  From  the  late  researches  of 
Peligot,  however,  it  appears  that  the  organic  matter  precipitated 
by  nitrate  of  lead  from  the  water  of  the  Seine  has  nearly  the 
composition  of  the  apocrenic  acid  of  Berzelius.  It  gave  on  analy- 
sis carbon  63*1,  hydrogen  2*7,  nitrogen  24,  oxygen  41-8,  and 
is  evidently  related  to  the  soluble  form  of  vegetable  humus. 
(Oomptes  Rendus,  April  25th,  1864).  When  exposed  to  heat 
this  substance  evolved  ammonia,  with  the  odor  of  burning  wool, 
while  the  organic  matter  from  the  Ottawa  water,  on  the  contrary, 
gave  an  odor  like  burning  turf. 

OBOLOQICAL   POSITION   OF  THB   PRBCKDINO   WATERS. 

§  72.  The  great  Paleozoic  area  of  the  St.  Lawrence  basin  is 
divided  into  two  basins  by  an  axis  extending  from  Descham- 
bault,  not  far  above  Quebec  on  the  St.  Lawrence,  in  a  southwest 
direction  to  Lake  Cham  plain.  The  eastern  part  of  the  westera 
basin  is  more  or  less  affected  by  undulations  subordinate  to  the 
great  fault  that  brings  up  the  Quebec  group  against  the  Hudson 
Kiver  formation,  and  also  by  other  undulations  of  minor  im- 
portance. It  is  in  this  disturbed  region  that  by  far  the  greater 
number  of  the  mineral  springs  already  described  occur;  and 
although  it  is  often  difficult  to  establish  the  presence,  or  to  trace 
the  extent  of  faults  in  the  strata,  on  account  of  the  alluvial  de- 
posits which  generally  cover  the  Paleozoic  strata  of  the  region,  it 
IS  apparent  that  in  a  great  number  of  cases  the  mineral  springs 
occur  along  the  lines  of  disturbance,  and  it  is  probable  that  a 
constant  relation  of  this  kind  exists.  As  the  eastern  limit  of  the 
western  basin  is  approached,  the  mineral  springs  become  more 
numerous,  but  this  boundary  once  passed,  a  region  is  soon 
reached  where  the  rocks  become  profoundly  altered,  and  furnish 
no  more  mineral  waters.  The  great  western  portion  of  the  occi- 
dental basin,  which  is  less  disturbed  than  its  eastern  part,  pre- 
sents but  few  mineral  springs ;  yet  the  wells  of  strongly  saline 
water  which  have  been  obtained  by  borings  at  Kingston,  Hallo- 
well,  St.  Catherines,  Chatham  and  elsewhere,  show  that  the  un- 
disturbed rocky  strata  are  charged  with  saline  matters.  For  a 
better  understanding  of  the  relations  of  these  waters  a  list  of  the 
Paleozoic  formations  in  which  the  springs  occur  is  here  given, 
and  numbered  in  ascending  order. 


16.  Hamilton, — shales. 
14.  CoaNiriROUS,— limestone. 
18.  OaiSKANT, — sandstone. 
12.  OieoifDAeA  or  GrptiFSBOOS,— dolomite. 
11.  GuxLPH,— dolomite. 
10.  NiAOABA,— dolomite. 
9.  Cliiiton, — ^limestooe  and  simle. 


8.  Medina, — sandstone. 

6.  Hudson  Rivkb, — shales. 

5.  Utica,— «hale8. 

4.  Trxmton, — limestone. 

8.  Chazt, — limestone. 

2.  Caloifbrous,— dolomite. 

1.  Potsdam,— sandstone. 
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§  73.  Of  the  above  series  the  Trenton  group  includes  the  Birds- 
eye  and  Black  Eiver  limestone,  as  well  as  the  Trenton  limestone 
of  the  New  York  geologists,  and  is  non-magnesian,  enclosing 
beds  of  chert,  silicitied  fossils  and  petroleum ;  in  all  of  which 
characters  it  resembles  the  Corniferous  limestone  above.  In 
like  manner,  the  Potsdam  is  represented  by  the  Hudson  Eiver 
and  Medina  formations,  while  the  gypsiferous  dolomite  of  the 
so-called  Calciferous  sandrock  corresponds  to  the  great  mass  of 
dolomite  which  constitutes  Nos.  10, 11,  and  12,  and  includes  the 
gypsum  and  the  salt-bearing  strata  of  the  Onondaga  formation. 
These  repetitions  of  similar  strata,  marking  successive  recurren- 
ces of  similar  geological  and  geographical  conditions,  which  form 
great  cycles  in  the  history  of  the  continent,  have  been  already 
considered  in  a  paper  by  me  on  Bitumens,  etc.,  in  this  Journal, 
[2],  XXXV,  166. 

§  74.  In  the  eastern  basin,  which  includes  not  only  south- 
eastern Canada,  but  the  whole  of  New  England,  the  strata  are 
in  an  altered  and  crystalline  condition,  if  we  except  a  narrow 
belt  along  the  northwest  border  of  the  basin.  These  unaltered 
strata  present  a  great  series  of  shales,  conglomerates,  and  lime* 
stones,  pure  and  magnesian,  succeeded  by  2000  feet  or  more  of 
sandstone  with  shales ;  the  whole  forming  what  the  Canadian 
Geological  Survey  has  named  the  Quebec  group,  whose  aggre- 
gate thickness  in  the  vicinity  of  Quebec  is  about  7000  feet. 
The  geological  horizon  of  this  group  of  strata  corresponds  to  that 
of  the  Chazy,  the  Calciferous,  and  perhaps  of  the  rotsdam.  It 
was  in  great  part  a  deep-sea  deposit,  ot  which  the  formations 
just  named  are  but  incomplete  and  littoral  representatives.  Of 
the  waters  described  in  this  paper  none  are  from  this  eastern 
basin,  although  the  unaltered  portions  of  it  present  several  min- 
eral springs,  some  of  which  are  described  in  the  Geology  of 
Canada.  Of  these  the  salines  of  Cacouna,  Green  Island,  Riviere 
Quelle  and  Ste.  Anne,  are  bitter  waters  belonging  to  the  first 
class;  while  a  sulphurous  spring  at  the  latter  place,  and  another 
at  Quebec  are  alkaline  waters  of  the  fourth  class. 

§  76.  Of  the  waters  of  the  western  basin,  which  alone  are 
noticed  in  this  paper,  many  have  been  qualitatively  analyzed 
which  are  not  here  described.  Including  two  from  Vermont, 
twenty-one  alkaline  waters  of  the  third  and  fourth  classes  have 
been  examined.  Of  these,  as  already  stated,  the  waters  of  Cale- 
donia rise  from  the  Trenton  group,  and  that  of  Fitzroy  from  the 
Chazy  or  Calciferous,  while  two  others  at  Ste.  Martine  and  Raw- 
don,  appear  to  have  their  source  in  the  Potsdam.  All  the  other 
waters  of  these  two  clas.ses  issue  from  the  Hudson-River  shales, 
with  the  exception  of  those  of  Varennes  and  Jacques  Cartier, 
which  seem  to  rise  from  the  Utica  formation. 
Am.  Joitb.  Sol— Sboond  Sbbus,  Vol.  XL,  N9. 119.— Sbft.,  1805. 
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Of  the  waters  of  the  second  class,  of  which  about  thirty  have 
been  examined  from  the  western  basin,  some  five  or  six  issue 
from  the  shale  formations  Nos.  6  and  6,  but  all  the  others  are 
from  the  underlying  limestones.  The  bitter  salines  of  the  first 
class  flow  from  the  limestones  of  the  Trenton  group,  with  the 
exception  of  that  of  Ancaster,  which  is  from  a  well  sunk  in  the 
Niagara  formation,  and  that  of  St.  Catherines,  from  a  boring 
earned  through  the  Medina  down  into  the  Hudson  Eiver  shales. 
The  source  of  both  of  these  is  probably,  like  that  of  the  other 
very  similar  waters,  the  Lower  Silurian  limestones. 

§  76.  From  this  distribution  of  the  waters  of  the  first  four 
classes  it  would  appear  that  the  source  of  the  neutral  salts,  which 
consist  of  alkaline  and  earthy  chlorids,  is  in  the  limestones  and 
other  strata  from  the  Potsdam  to  the  Trenton  inclusive,  while 
the  alkaline  carbonates  are  derived  from  the  argillaceous  sedi- 
ments which  make  up  the  Utica  and  Hudson  Biver  formation. 
These  sediments  are  never  deficient  in  alkaline  silicates,  whose 
slow  decomposition  yields  to  infiltrating  waters  (§  18),  the  alkaline 
carbonates  which  characterize  the  mineral  springs  of  the  fourth 
class.  These  mingling  in  various  proportions  with  the  brines 
which  rise  from  the  limestones  beneatn,  produce  the  waters  of 
the  second  and  third  classes  in  the  manner  already  explained. 
The  appearance  of  several  springs  of  the  third  class,  as  those  of 
Caledonia  and  Fitzroy,  from  the  Lower  Silurian  limestones  is 
not  surprising,  when  it  is  considered  that  the  Chazy  formation 
in  the  Ottawa  valley  includes  a  considerable  thickness  of  shales, 
sandstones  and  argillaceous  limestones,  approaching  in  composi- 
tion to  the  sediments  of  the  Hudson  Eiver  formation. 

§  77.  As  an  evidence  that  the  different  classes  of  waters  have 
their  origin  in  difterent  strata  may  be  cited  the  fact  that  springs 
very  unlike  in  composition  are  often  found  in  close  proximity, 
and  apparently  rising  from  a  common  fissure  or  dislocation. 
Thus  m  the  seigniories  of  Nicolet  and  Labaie  du  Febvre,  I  have 
examined  six  springs,  all  of  which  rise  through  the  Utica  forma- 
tion along  a  line,  in  a  distance  of  about  eight  miles.  Of  these 
springs  two  belong  to  the  second,  two  to  the  third,  and  two  to 
the  fourth  class ;  these  last  being  probably  derived  entirely  from 
the  shales,  while  the  others  have  their  source  in  the  underlying 
limestones,  and  are  more  or  less  modified  in  their  ascent  Again, 
at  Sabre vois,  within  a  few  feet,  are  two  springs  of  the  second 
class,  of  which  one  contains  salts  of  baryta  and  strontia,  and  the 
other  soluble  sulphates.  In  like  manner  at  Ste.  Anne,  in  the 
Quebec  group,  a  spring  of  the  second  class  and  one  of  the  fourth 
are  found  not  far  apart.  The  springs  of  Caledonia  offer  another 
and  not  less  remarkable  example.  In  1847  there  were  to  be 
seen,  not  far  from  a  spring  of  the  second  class,  three  others  of 
the  third  class  very  near  together,  one  of  them  sulphurous,  but 
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all  sulphated,  and^difFering  in  the  proportions  of  carbonate  of  soda 
present.  In  1865j  while  one  of  these  still  retained  its  character 
of  a  salphurous  sulphated  water  of  the  third  class,  the  others 
were  changed  to  waters  of  the  second  class,  and  held  salts  of 
baryta  in  solution.  These  relations  which  we  have  already 
pointed  out  (§  47)  not  only  show  waters  holding  incompatible 
salts  issuing  from  different  strata  along  the  same  fissure,  but 
mingling  in  such  varying  proportions  as  to  produce  from  time 
to  time  changes  in  the  constitution  of  the  resulting  springs. 

§  78.  The  temperature  of  none  of  the  springs  which  we  have 
here  described  exceeds  53®,  which  has  been  observed  for  two 
springs  at  Chambly,  about  twelve  miles  from  Montreal.  Inas- 
much as  the  mean  temperature  of  this  city,  as  deduced  from  the 
observations  of  twenty-seven  years,  is  44^*67,  the  Chambly 
waters  are  to  be  regarded  as  slightly  thermal.  No  other  springs 
in  Canada  are  known  to  present  so  high  temperature  unless 
possibly  the  acid  waters  of  the  fifth  class,  for  which  we  have 
pointed  out  the  importance  of  further  observations,  (§  48).  The 
St.  L^n  spring  was  found  to  be  46**,  and  that  of  Caxton,  49*^  F. 

§  79.  The  extended  series  of  analyses  which  we  have  given  in 
the  preceding  pages  presents  many  points  of  interest.  Nowhere 
else,  it  is  believed,  has  such  a  complete  systematic  examination 
.  of  the  waters  of  a  region,  and  of  a  great  geological  series  been 
made.  Additional  importance  is  given  to  these  results  by  the 
fact  that  the  waters  are  all  derived  from  Paleozoic  strata,  and  we 
are  thus  enabled  to  compare  these  saline  materials  of  an  ancient 
period  with  those  which  issue  from,  and  in  many  cases  owe 
their  saline  impregnation  to,  strata  of  comparatively  modem 
origin.  Comparisons  of  this  kind,  such  as  I  have  already  insti- 
tuted between  brines  of  different  geological  epochs  in  §  89,  pos- 
sess great  geological  interest. 

It  is  a  consideration  not  without  interest,  that  the  valley  of  the 
St.  Lawrence  under  different  meteorological  conditions  might 
become  a  region  abounding  with  saline  lakes,  affording  sea-salt, 
natron  and  borax,  the  results  of  the  evaporation  of  the  numerous 
saline  and  alkaline  springs  which  have  just  been  described. 

§  80  A  few  considerations  are  here  suggested  by  the  fact 
already  mentioned  of  the  apparent  absence  of  mineral  8f)ring8 
from  the  altered  Paleozoic  strata  of  the  Quebec  group.  Meta- 
morphism  and  disturbance  or  displacement  of  strata  are  general- 
ly concomitants,  not,  as  I  conceive,  because  the  process  of  alter- 
ation  is  in  any  way  connected  with  the  disturbance  of  the  rocks, 
but  because  a  great  accumulation  of  superincumbent  strata,  a 
necessary  preliminary  of  metamorphism,  is  the  efficient  cause  of 
the  folding  of  the  deeply  buried  and  subsiding  rocks,  in  a  way 
which  I  have  already  elsewhere  pointed  out."    The  subsequeat 

^  This  Journal,  [2]  xnd,  418. 
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continental  uplifting  of  the  altered,  plicated,  and  more  or  lew 
fissured  strata,  and  their  irregular  erosion,  give  rise  to  the 
broken  surfaces  of  metamorphic  regions,  and  at  the  same  time 
permit  the  saline  solutions  impregnating  the  strata  to  flow  out; 
while  solid  soluble  salts,  unless  enclosed  by  impermeable  strata, 
are  removed  by  lixiviation.  Hence  we  shall  rarely  iind  muria- 
ted  waters  issuing  from  crystalline  and  disturbed  strata.  Those 
saline  products  which  result  from  the  decomposition  of  feld- 
spathic  minerals,  and  the  separation  of  alkaline  carbonates;  or 
from  the  decomposition  by  these  or  other  agents  of  the  gypsum 
which  is  often  present  in  metamorphic  strata,  may,  however, 
readily  give  rise  to  waters  of  the  fourth  and  sixth  classes;  so 
that  we  are  not  suprised  to  find  alkaline  and  sulphated  waters 
issuing  from  crystalline  strata. 

§  81.  I  have  in  a  previous  section  (§  57)  alluded  to  the  condi- 
tion of  the  primeval  ocean,  and  in  this  connection  it  may  be 
well  to  refer  to  a  hypothesis  which  I  some  years  since  advanced, 
relative  to  the  origin  of  its  salts  and  the  primeval  sediments. 
Starting  from  the  notion  "of  a  cooling  globe,  such  as  the  igne- 
ous theory  supposes  our  earth  to  have  been  at  an  early  period, 
and  considering  onlv  the  crust  with  which  geology  maJces  us 
acquainted,  and  the  liquid  and  Mseous  elements  which  now  sur- 
round it,  I  have  endeavored  to  show  that  we  may  attain  to  some 
notion  of  the  chemical  conditions  of  the  cooling  mass  by  conceiv- 
ing these  materials  to  again  re-act  upon  each  other  under  the  in- 
fluence of  an  intense  heat  The  quartz,  which  is  present  in  so 
large  a  proportion  in  many  rocks,  would  decompose  the  car- 
bonates and  sulphates,  and,  aided  by  the  presence  of  water,  the 
chlorids  both  of  the  rocky  strata  and  of  the  sea ;  while  the" 
organic  matters  and  the  fossil  carbon  would  be  burned  by  the 
atmospheric  oxygen.  From  these  re-actions  would  result  a 
fused  mass  of  silicates  of  alumina,  alkalies,  lime,  magnesia,  iron- 
oxyd,  etc.;  while  all  the  carbon,  sulphur  and  chlorine  in  the 
form  of  acid  gases,  mixed  with  watery  vapor,  nitrogen,  and  a 
probable  excess  of  oxygen  would  form  an  exceedingly  dense 
atmosphere.  When  the  cooling  permitted  condensation,  an  acid 
rain  would  fall  upon  the  heated  sarface  of  the  earth,  decompos- 
ing the  silicates,  and  giving  rise  to  chlorids  and  sulphates  of 
the  various  bases,  while  the  separated  silica  might  take  the  form 
of  crystalline  quartz.  In  the  next  stage  of  the  process,  the  por- 
tions of  the  primitive  crust  not  covered  by  the  ocean  would  un- 
dergo a  decomposition  under  the  influence  of  a  hot  moist  atmos- 
phere charged  with  carbonic  acid,  and  the  feldspathic  silicates 
oecome  converted  into  clay,  with  separation  of  the  alkali.  This, 
absorbing  carbonic  acid  from  the  atmosphere,  would  find  its  way 
to  the  sea,  where,  having  first  precipitated  from  its  highly  heated 
waters  various  metallic  bases  then  held  in  solution,  it  would  de- 
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compose  the  chlorid  of  calcium,  giving  rise  to  chlorid  of  sodium 
on  tne  one  hand,  and  to  carbonate  of  lime  on  the  other.  In  this 
way  we  obtain  a  notion  of  the  processes  by  which  from  a  primi- 
tive fused  mass  may  be  generated  the  siliceous^  calcareous  and 
argillaceous  rocks  which  make  up  the  greater  part  of  the  earth's 
crust;  and  we  also  understand  the  source  ot  the  salts  of  the 
ocean."' 

§  82.  A  further  development  of  this  view  would  lead  us  too 
far  for  the  scope  of  this  paper.  It  will  however  be  seen  that 
the  first  precipitates  from  the  ocean  would  contain  most  of  the 
metals,  and  that  in  the  subsequent  re-solution  and  deposition  of 
these  precipitates  is  to  be  found  an  explanation  of  the  origin  of 
metalliferous  deposits,  and  of  their  distribution  in  various  for- 
mations ;  either  as  integral  parts  of  the  strata,  or  as  deposits  in 
veins,  the  former  channels  of  mineral  springs.  In  an  essay  on 
American  Geology,  published  in  this  Journal  in  1861,  [2],  xxxi, 
405,  I  have  already  sketched  the  outlines  of  what  I  conceive  to 
be  the  true  theory  of  metalliferous  deposits,  a  subject  to  which 
it  is  proposed  soon  to  return. 

Moatrcal,  July  4,  1865. 


Abt.  XXI. — A  new  Metenrile  from  Newto^i  county,  Arkansas^ 
containing  on  its  surjace  Carbonate  of  Lime ;  by  J.  Lawrenck 
Smith,  Prof.  Chem.  Med.  Dep.  University  of  Louisville. 

The  first  notice  of  the  meteorite  of  Newton  county  was  made 
in  1860  bv  Prof.  Cox,  who  was  engaged  in  the  geological  sur- 
vey of  Arkansas.  The  original  has  not  been  obtained ;  the  only 
fragment  of  it,  being  in  the  hands  of  Judge  Green,  was  given 
to  Prof.  Cox,  who  has  kiadly  presented  it  to  me.  The  weight 
of  the  fragment  is  twenty-two  and  a  half  ounces,  and  was  evi- 
dently broken  off  from  one  corner  of  the  mass,  as  it  presents 
three  of  the  original  surfaces. 

This  meteorite  is  of  the  mixed  variety,  and  cannot  be  classed 
with  either  the  metallic  or  the  stony  meteorites;  it  is  one  of 
the  most  interesting  that  has  been  discovered  in  the  United 
States,  differing  from  any  other  yet  found  in  these  regions. 

The  stony  matter  is  very  distinctly  crystallized,  and  some  of 
the  minerals  can  be  easily  detached  and  examined  separately. 
The  metallic  portion  constitutes  somewhat  over  one-half  of  the 
mass,  and  owing  to  the  diffusion  of  the  stony  matter  has  a 
coarsely  reticulated  structure. 

When  broken  under  the  hammer,  and  the  iron  separated  by 

'  Cftnadian  Journal,  May,  1859,  201,  and  this  Journal,  [2]  xzy,  102,  also  Comptes 
Rendof,  June  9th,  1862,  and  Can.  Naturalist,  yii,  202. 
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the  mognet,  it  is  obtained  in  coarse  grains  varying  from  8  to  4 
grains  down  to  very  small  fragments.  The  exterior  is  of  a  rusty 
color,  roughened  by  projection  of  nickel iferous  iron,  and  over 
several  parts  of  the  surface  there  is  a  white  incrustation. 

Specific  gravity  taken  on  different  pieces  varies  from  46  to  61. 
By  mechanical  means  and  the  aid  of  the  magnet  the  following 
minerals  were  separated. 


Hornblende, 
Olivine, 
Carbonate  of  Lime, 


Nickeliferous  iron. 
Chrome  iron, 
Sulphuret  of  iron, 

Nickeliferous  Iron. — I  may  as  well  mention  the  manner  in 
which  I  separate  the  iron  from  the  stony  matter  of  meteorites. 
In  most  instances  it  is  necessarv  to  sacrifice  a  fair  portion  of 
the  specimen.  The  mass  is  crushed  in  a  steel  mortar;  the  mag- 
net is  then  able  to  take  out  the  iron  from  the  mass  of  stony  mat- 
ter, especially  if  the  crashing  operation  is  repeated  two  or  three 
times.  The  iron  is  then  introduced  into  an  iron,  or,  better  still,  a 
silver  capsule  or  crucible,  and  a  fitrong  solution  of  potash  added, 
heat  is  applied  until  all  the  water  is  driven  offl  and  the  residue 
is  heated  to  redness;  on  cooling,  water  is  applied  and  the  excess 
of  potash  washed  out,  as  well  as  some  silicate  of  potash  that  is 
formed.  After  thoroughly  washing?  the  particles  of  iron,  they  are 
moistened  with  a  little  alcohol  and  dried  on  blotting  paper  with 
a  gentle  heat;  and  by  holding  a  magnet  a  little  distance  from 
them,  the  particles  of  iron  will  adhere  to  the  magnet  almost  per- 
fectly free  from  earthy  matter. 

The  iron,  if  of  a  coarse  reticulated  structure,  as  the  one  in 
question,  may  require  to  be  crushed  in  the  steel  mortar  after 
treatment  by  potash,  to  detach  particles  of  silicate,  remaining  in 
small  crevices,  and  in  this  variety  I  sometimes  re[>eat  the  treat- 
ment by  potash.  In  this  way,  the  foreign  matter  associated  with 
the  iron  can  be  reduced  to  one-half  per  cent.  Of  course  this  pro- 
cess sacrifices  more  or  less  of  the  iron,  especially  if  the  iron  be 
in  very  small  particles;  but  this  sacrifice  is  of  secondary  import- 
ance compared  with  the  necessity  of  having  the  metallic  matter 
in  a  pure  state.  Thus  purified  the  iron  was  found  to  be  com- 
posed of 

Iron, »i-e8 

Nickel, 7-21 

Cobalt. -71 

PhS'phorue,   [too  small  to  be  estimated.  

9^15 

In  the  analysis,  after  separating  the  iron  by  the  acetate  of 
Boda,  the  nickel  and  cobalt  were  separated  by  nitrite  of  potash, 
which  method  I  have  used  frequently,  and  with  the  best  results. 
Liebig's  method  for  accomplishing  the  same  end  has  been  much 
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improved  by  the  modi6cation  lately  devised  by 
dissolving  the  oxyd  of  mercury  in  the  cyanid  of 
Journal,  Jan.,  1865);  but  having  every  arrange 
for  executing  successfully  the  method  by  the  ni 
I  have  not  yet  tried  Prof.  Gibbs's  modification, 
shortly. 

Chrome  /row.— This  is  found  in  small  quantity 
tides,  some  of  them  showing  distinct  faces  of 
failed  to  find  any  complete  octahedron ;  the  qi 
small  for  analysis  but  was  readily  recognized  by 

Sulphuret  of  Iron, — This  also  is  discernible  < 
quantity,  and  could  not  be  collected  for  analys: 
mark,  with  reference  to  the  sulphuret  of  iron  foun 
that  it  cannot  be  classed  with  the  terrestial  mi 
whose  formula  is  considered  Fe^S,  having  alwaj? 
phur  too  small  for  this  formula;  in  which  concl 
that  I  am  sustained  by  BammeJsberg  and  othe 

E3int  to  the  formula  FeS,  and  if  the  compositio 
inds  of  pyrites  are  correctly  made  out,  then  t 
riety  has  no  terrestrial  representative. 

Hbntbknde. — This  mineral  is  easily  separatei 
greenish  gray  color  more  or  less  soiled  by  iron  ; 
it  can  be  detached  unmixed  with  other  constiiueni 
distinct  cleavage  in  one  direction  and  an  impe: 
other ;  on  analysis  it  gave, 

Silica. I 

Alumina, 

Protoxyd  of  iron, 

Protoxyd  of  niangaoese,         .... 

Magnesia, i 

Alkalies— (potash,  soda,  lithia), 

T( 

The  oxygen  relations  of  the  silica  and  protos 
formula  ft^Sij — the  formula  of  hornblende.  It 
composition  it  is  not  unlike  some  varieties  of  anl 

Olivine, — This  mineral  is  diflfused  through  the 
the  smaller  pieces  are  almost  colorless;  others  ag 
less  yellow,  being  stained  with  oxyd  of  iron;  so 
ments  are  iridescent  like  varieties  of  oligoclase, 
look  it  to  be.  Sufiicient  of  it  was  detacned  in 
analysis,  and  was  found  to  be  composed  as  foUov 

Silica, 

Alumina, 

Protoxyd  of  iron, 

Magnesia, 

There  was  a  minute  quantity  of  manganese 
the  oxyd  of  iron  and  magnesia.    This  analysis  o\ 
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This  is  accounted  for  in  part  bj  the  quantity  used  for  analysis 
not  being  more  than  0'160  grams.  The  oxygen  ratio  of  the 
silica  and  protoxyds  sho\¥  the  composition  ftsSi,  which  is  that 
of  olivine. 

Carbonate  of  lAme, — The  observation  of  this  constituent  in  a 
meteorite  is  something  entirely  new,  yet  it  is  found  on  the  ex- 
terior surface  of  the  meteorite  in  question,  in  various  places. 
There  is  no  doubt  in  my  mind,  however,  that  this  ingredient 
was  not  a  part  of  the  mass  when  it  fell,  but  that  it  has  been  ex- 
posed to  certain  conditions  since  its  fall  by  which  carbonate  of 
lime  has  been  incrusted  on  its  surface. 

It  is  much  to  be  regretted  that  the  entire  original  mass  is  not 
accessir)le  to  furnish  facilities  for  determining  whether  it  is  an 
incrustation,  or  not,  and  if  the  former,  whether  the  incrustation 
was  formed  prior  or  subsequent  to  its  fall. 

In  relation  to  the  presence  of  carbonates  in  meteorites,  we 
have  the  first  and  only  announcement,  up  to  the  present  time, 
in  connection  with  the  meteorites  which  fell  at  Orgueil  in  1868; 
Messrs.  Des  Cloizeaux,  Pisani,  Daubrfe  and  Cloez  discovered 
minute  rhombohedral  crystals  of  double  carbonates  of  magnesia 
and  iron. 

The  above  statements  exhaust  about  all  that  I  have  to  say  at 
the  present  time  on  the  meteorite  under  investigation.  There 
may  be  one  or  two  other  minerals  in  its  composition,  but  I  could 
not  separate  them  in  a  manner  to  pronounce  as  to  whether  they 
were  aiflferent  from  those  already  described  or  not. 


Art.  XXII. — Besearches  on  the  Volatile  Hydrocarbons;  by  C.  M. 

Warren.* 

II — On  thb  Influence  of  C^  Hj  upon  the  Boiling  points  in  Ho- 
mologous Series  of  Htdrocarbons,  and  in  some  Series  of  thiib 
Derivatives  ;  with  critical  observations  on  Methods  of  taking 
Boiling-points. 

It  is  well  known  that  we  are  indebted  to  H.  Kopp'  for  the 
discovery  of  certain  definite  relations  existing  between  the  chem- 
ical constitution  and  some  of  the  physical  properties  of  homo- 
logous liquid  bodies.  Of  these,  one  of  the  most  important  is 
that  of  a  uniform  difference  between  the  boiling-points  of  the 
contiguous  members  of  an  homologous  series,  corresponding  to 
the  uniform  difference  in  their  elementary  constitution.  Kopp 
has  shown  by  numerous  examples,  that,  as  a  general  rule,  in 
those  series  which  are  characterized  by  a  common  elementary 
difference  of  C^  H,  between  the  members,  in  the  order  of  the 

*  ContiDoed  from  page  108. 

«  Ann.  der  Chemie  und  Pharmicie,  1842,  xli,  79,  169;  1845,  Iv,  177,  etc 
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series,  the  corresponding  difference  of  boiling-point  is  about  19^ 
C. ;  hence,  that  the  difference  between  the  boiling-points  of  any 
two  members  of  such  a  series  is  x  .19^  for  a  difference  of  x  0,H, 
in  the  elementary  formulae.  In  the  earlier  observations  on  this 
subject,  this  relation  between  the  boiling-points  and  formulae  was 
found  so  nearly  constant  in  the  different  series  examined,  that 
any  deviations  from  this  apparent  general  law  were  referred,  not 
unreasonably,  to  assumed  inaccuracies  in  the  determination  of 
the  boiling-points  of  the  bodies  compared.  But  the  more  recent 
and  extended  generalizations  of  Kopp*  have  led  him  to  point 
out  several  exceptional  series,  in  whicn  the  boiling-point  differ- 
ence is  greater,  and  others  in  which  it  is  less,  than  19®  for  an 
elementary  difference  of  C,  H, .  That  there  are  such  exceptional 
series  is  confirmed  in  a  very  decisive  manner  by  my  own  obser- 
vations, as  I  shall  proceed  to  show.  My  determinations  make 
the  boiling-point  differences  in  some  cases  so  much  larger  than 
those  of  other  observers  as  to  leave  no  room  for  doubt  on  this 
point;  especially  if  the  comparative  value  of  these  determina- 
tions be  duly  estimated  with  reference  to  the  more  reliable 
character  to  which  the  preparations  are  entitled,  on  account  of 
the  more  eficient  means  which  I  have  employed  for  separating 
the  liquids.  Since  Kopp  first  called  the  attention  of  chemists  to 
this  subject,  different  tneories  have  from  time  to  time  been 
advanced  by  Schroder,  Lowig,  Gerhardt,  and  others,  and  sup- 
ported by  laborious  research  and  observation.  It  will  be  inter- 
esting to  examine  some  of  these  theories  in  the  light  of  the  new 
facts  which  I  am  about  to  present  Schroder,'  not  satisfied  with 
Kopp's  explanation  of  the  discrepancies  between  the  observed 
and  theoretical  boiling-points,  on  the  ground  of  errors  of  deter- 
mination of  the  former,  argues  that  the  influence  of  C,  H,  on 
boiling-points  is  variable  in  different  series  according  to  the 
peculiar  nature  of  the  C,H,  in  each  case.  He  regards  organic 
compounds  for  the  most  part  made  up  of  radicals,  which  he 
calls  "components,"  of  which  he  makes  seven.  Three  of  these 
are  composed  of  carbon  and  hydrogen,  viz : — 

Formyl=^  (C4H,) — "  (C^H  J" — which  is  supposed  to  raise  the 
boiling-point  of  a  substance  52°  C. 

MeStylen  =(C,H,)»— **  (C,H  J™"— which  is  supposed  to  raise 
the  boiling-point  of  a  body  21^ 

Jg?fayZ=(CaH3)«—"(CjHJ«"— which  is  supposed  to  raise  the 
boiling-point  17°.  Subsequently  (Pogg.  Ann.,  Ixiv,  101)  the  lat- 
ter number  was  changed  by  Schroder  to  16°. 

A  fourth  component  was  made  up  of  a  double  atom  of  hydro- 
gen, (H,)—"(H  J"— which  was  supposed  to  lower  the  boiling- 

*  Annalen  der  Cbemie  und  Pharmacie,  1866,  zcvi,  2. 

*  PoggeDdoHf' 8  Aonalen,  1844,  Ixii,  184,  887. 

Am.  Jour,  801.— Sbcond  Sekdcs,  Vol.  XL,  No.  119.— Sept.,  18d5. 
28 
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point  S"* ;  but  this  also  was  afterwards  changed  to  10^  (Pogg. 
Ann.,  Ixiv,  872).  (The  other  three  components,  having  no  direct 
bearing  on  the  hydrocarbons,  are  omitted.)  By  means  of  these 
components  Schroder  (Pogg.  Ann.,  Ixii,  188)  proposed  to  calculate 
the  boiling-points  of  different  substances  in  the  following  manner. 
Having  estimated  the  sum  of  the  influence  of  the  different  com- 
ponents of  a  body,  the  number  70  was  in  all  cases  to  be  deducted- 
Subsequently  Schroder*  was  led  to  substitute,  in  these  calcula- 
tions, the  influence  of  the  separate  elements  for  that  of  the 
components.  Each  double  atom  of  carbon  (C^)  was  estimated 
to  raise  the  boiling-point  of  a  compound  81^ ;  and  each  double 
atom  of  hydrogen  (H,)  to  lower  it  10®.  As  in  the  former  c^ee, 
the  number  70  was  to  be  deducted  from  the  sum  of  the  influen- 
ces of  the  different  elements  contained  in  the  compound,  to  ^ive 
the  true  boiling-point  Example:  calculation  of  the  boihng- 
pointof  benzole.  C,,H,;  C,,=6C,;  81x6°=186'^;  H,=3H3; 
-10°x8  =  -80°;  186°-80^-70^=86°=  the  calculated  boiling, 
point  of  benzole  by  this  method ;  which  agrees  exactly  with  the 
latest  determination  at  the  date  of  Schroder's  memoir. 

Lowig*  estimates  the  influence  of  the  elementary  atoms  on  the 
boiling-point  differently  from  Schroder;  and  obtains  numbers 
such  that,  to  find  the  boiling-point  of  a  compound  it  is  onlj 
required  to  add  together  the  numbers  corresponding  to  the  ele- 
mentary atoms  which  it  contains,  without  deducting  from  this 
sum  a  constant  number,  as  by  Schroder's  method.  According 
to  Ldwig's  theory,  one  atom  of  carbon  (C)  raises  the  boiling-point 
38°'4,  and  one  atom  of  hydrogen  (H)  lowers  it  29°*2;  these 
numbers  being  for  carbon  nearly  two  and  one-half  times,  and  for 
hydroeen  nearly  three  times  as  great,  as  those  of  Schroder. 

Gerhardt/  in  a  special  paper  **0n  the  Boiling-point  of  the 
Hydrocarbons,"  observes  that  "The  boiling-point  of  the  hydro- 
carbons appears  to  obey  a  very  simple  law,  according  to  which 
it  is  raised  or  depressed  a  certain  number  of  degrees,  correspond- 
ing to  the  number  of  equivalents  of  carbon  or  hydrogen  con- 
tained in  its  equivalent."*  From  a  comparison  of  the  boiling- 
points  and  formulae  of  several  well-known  hydrocarbons,  the 
determinations  of  which  were  repeated  with  special  care  for  this 
purpose,  Gerhardt  finds  that  the  addition  of  u,  to  the  molecule 
of  an  hydrocarbon  raises  its  boiling-point  35  5,  and  that  the 
addition  of  H,  lowers  it  16°.  The  boiling-point  of  a  body  is 
calculated  from  these  numbers  by  comparing  its  formula  with  oil 
of  turpentine,  C20U16)  as  a  standard,  the  boiling-point  of  which  is 

*  Pogg.  ADDalen,  1846,  Ixiv,  867 ;  1846,  Izvii,  46.  *  Idem.,  1846,  Ixir,  250. 

*  Annal«>8  de  Chimie  et  de  Pbysique,  1S45,  [81,  ziv,  107. 

^  "  II  parait  que  le  point  d*6Dalhtk>n  dee  liydmg^oes  carbon^  est  noomia  i  mM 
loi  fort  simple,  d^apr^s  laquelle  il  s*6ldyerait  ou  s'abaiMerait  d'un  certain  oombrs  dm 
degrds  suivant  le  nombre  des  ^qaiyalents  de  carbone  ou  dlijdrogdoe  reiifeni»6s 
dans  leur  Equivalent.*' 
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taken  at  160°  C.  Example;  camole  (from  cuminic  acid)  has  the 
ibrrattla  C18H12;  hence  it  contains C2  less  than  oil  of  turpentine; 
therefore  35°-5  must  be  deducted  from  160°  (the  boiling-point  of 
oil  of  turpentine,)  which  leaves  124°'5;  but  as  the  cumole  con- 
tains 2H,  less  than  oil  of  turpentine,  15°  X  2=80°  is  to  be  added 
to  the  above  remainder;  thus  124°-5+30°=154°-5,  the  calcula- 
ted boiling-point  of  cumole.  Gerhardt's  direct  determination 
was  163^,  which  very  nearly  coincides  with  his  theory. 

It  would  be  foreign  from  my  purpose  on  the  present  occasion 
to  consider  these  different  hypotneses,  or  even  the  empirical  law 
of  Kopp,  beyond  their  special  relation  to  the  boiling-points  of 
the  hydrocarbons,  and  such  other  series,  derivatives  from  the 
hydrocarbons,  as  have  been  made  the  subjects  of  my  own  experi- 
ments. Anything  more  than  this  would  be  merely  speculative. 
The  want  of  more  accurate  determinations  of  boiling-points  as 
essential  to  safe  and  reliable  deductions  and  generalizations  on 
this  question,  has  frequently  been  observed.  The  need  of  this 
will  be  made  strikingly  apparent  by  comparison  of  my  results 
with  those  of  previous  observers.  Indeed,  if  my  determinations 
may  be  taken  as  a  criterion, — which,  considering  the  nature  of 
the  materials  operated  upon,  might  not  be  quite  fair, — the  inac- 
curacies of  the  boiling-points  which  have  hitherto  been  published 
are  probably  so  numerous,  and  in  many  cases  so  considerable, 
as  to  make  it  appear  almost  useless  to  attempt  further  generaliza- 
tions upon  those  unreliable  data.  It  may  be  hoped,  however, 
that  the  superior  means  which  my  process  furnishes  for  separa- 
ting mixtures  of  liquida,  will  leM  to  the  accumulation  of  reliable 
facts  of  sufficient  number  and  variety  for  a  profitable  review  of 
this  question  in  its  different  bearings,  which,  from  its  importance, 
it  clearly  merits. 

The  frequent  inaccuracy  of  the  determinations  of  boiling-points, 
upon  whicn  Kopp  has  justly  laid  so  much  stress,  may,  I  think, 
be  more  reasonably  attributed,  at  least  in  a  majority  of  cases,  to 
a  want  of  purity  in  the  substances  themselves,  rather  than  to  a 
neglect  of  the  precautions  and  corrections  which  he  recommends 
to  be  observed  in  such  determinations;  although  errors  as  great 
as  those  mentioned  by  Kopp'  may  doubtless  occur,  and  in  the 

J)articular  instances  which  he  had  in  mind  may  have  occurred 
rem  the  cause  which  he  assigned  for  them.  It  should  be  borne 
in  mind,  however,  that  these  errors,  in  the  case  of  an  impure 
substance,  may  be  compensating  errors ;  or,  on  the  other  hand, 
they  may  go  to  increase  that  which  would  arise  from  impurity. 

That  the  conditions  under  which  my  results  have  been  ob- 
tained may  be  clearly  understood,  and  hence  the  value  of  these 
results  fairly  estimated,  in  comparison  with  those  of  others,  I 
shall  endeavor,  as  I  proceed  with  these  researches,  to  spedfy,  in 

*  '*  Bestimmoog  des  Siedepuokts."    Poggeodorff's  AonaleD,  1847,  Izzii,  88^ 


Digitized  by  VjOOQ IC 


220  C.  M.  Warren  on  the  Volatile  Hydrocarbons. 

suflBcient  detail,  the  processes  which  I  have  employed.  Having, 
in  the  memoir  previously  referred  to,  described  the  process  \>j 
which  the  hydrocarbons  were  separated,  the  special  object  of  this 
paper  only  requires,  in  this  regard,  that  I  should  add  a  descrip- 
tion of  the  method  employed  in  determining  the  boiling-points 
of  these  bodies,  which  has  already  been  partially  given  in  the 
foregoing  memoir,  when  treating  of  the  boiling-point  of  benzole. 

Of  the  Meihod  of  determining  Boiling-points, — I  use  for  this  pur- 
pose a  small  tubulated  glass  retort,  and  usually  operate  on  aboat 
150  c.  c,  of  the  liquid.  The  thermometer  extends  into  the  liauid, 
even  nearly  to  the  bottom  of  the  retort,  taking  care  that  the  bulb 
shall  not  come  in  contact  with  the  glass,  but  remain  free  in  the 
liquid.  To  prevent  abnormal  elevation  of  temperature  from  ad- 
hesion to  the  glass, — which  I  have  observed  in  some  instances, 
when  operating  on  impure  hydrocarbons,  to  amount  to  several 
degrees, — I  introduce  pieces  of  sodium,  instead  of  platinum,  as 
it  seems  to  serve  at  least  as  well  for  this  purpose,  and  at  the 
same  time  tends  to  preserve  the  purity  of  the  material.  Sodium 
has  also  this  advantage  over  platmum  for  hydrocarbons,  viz:  that 
it  does  not  lose  its  virtue  by  use,  so  long  as  any  of  it  remains ; 
platinum,  on  the  contrary,  being  liable,  especially  if  the  liauid 
IS  not  quite  pure,  to  become  after  a  while  slightly  coated,  ana  its 
eflSciency  thus  impaired.* 

Except  for  low  temperatures,  the  retort  rests  on  a  piece  of  wire 
gauze  laid  over  the  nng  of  an  iron  lamp  stand,  and  is  heated 
with  a  small  gas  flame.  When  operating  on  liquids  of  low 
boiling-point,  I  have  observed  the  liability  of  the  thermometer 
to  be  considerably  aflfected  by  the  ascending  current  of  hot  air 
striking  the  sides  of  the  retort  above  the  level  of  the  liquid,  thus 
causing  an  elevation  of  several  degrees  of  temperature.  To  pre- 
vent this,  I  proceed  as  follows.  For  low  temperatures,  and  yet 
above  the  common  temperature,  I  place  upon  the  gauze  on  which 
the  retort  is  to  stand,  a  screen  of  felt  or  thick  woolen  paper, 
which  has  been  provided  with  a  hole  in  the  center  about  two 
inches  in  diameter.  This  screen  extends  several  inches  from  the 
sides  of  the  retort,  and  has  been  found  effectual  for  the  purpose. 

For  temperatures  below  the  common  temperature,  the  retort 
is  set  in  a  water-bath  containing  ice-water,  the  temperature  of 
the  bath  being  gradually  raised  by  means  of  a  small  gas- flame. 

As  is  customary,  in  order  to  ascertain  the  temperature  by 
which  to  calculate  the  correction  for  the  upper  column  of  mer- 

*  For  oommoD  use  in  tfractioniBg,  when  not  desirable  to  use  sodinm,  I  bare  foond 
pieces  of  coke  to  be  more  effectual  and  much  more  durable  than  platinum.  Not 
unlikely  it  would  be  found  equally  preferable  to  platinum  for  general  use  in  taking 
Uie  boiling-points  of  liquids  in  whicn  sodium  could  not  be  employed.  It  is  certain 
that  nothing  could  operate  better  than  coke  for  the  nitro-compounds  and  alkaloidt 
derived  from  .beof (4e  and  its  homologues. 
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icury,  a  thermometer  is  attached,  by  means  of  elastic  bands,  to 
the  side  of  the  thermometer  in  the  retort ;  the  bulb  being  placed, 
during  ebullition,  midway  between  the  center  of  the  cork  and 
the  upper  extremity  of  the  mercurial  column.  And,  as  usual, 
a  paper  screen,  closely  fitting  the  thermometer,  is  placed  across 
at  the  top  of  the  cork  to  shield  the  upper  column  of  mercury 
from  the  direct  influence  of  the  ascending  heat. 

I  have  observed  that  it  often  requires  considerable  time — va- 
riable according  to  its  length  and  the  thickness  of  the  glass  spin- 
dle— ^for  that  part  of  the  thermometer  above  the  retort  to  acquire 
the  highest  temperature  which  the  boiling  liquid  can  communi- 
cate to  it  Dunnff  this  time  the  thermometer  evidently  is  not  in 
a  fit  state  for  an  observation.  While  this  gradual  change  in  the 
condition  of  the  thermometer  is  taking  place,  it  is  desirable,  for 
obvious  reasons,  that  no  vapors  should  escape  from  the  retort. 
I  therefore  proceed  as  follows.  The  retort,  the  neck  of  which 
has  previously  been  wrapped  with  a  wet  cloth,  is  placed  in  such 
a  position  that  the  neck  shall  slightljr  incline  towards  the  body 
of  the  retort.  If  necessary,  some  pieces  of  ice,  which  will  ad- 
here firmly  to  the  cloth,  may  be  laid  along  the  neck  to  insure 
complete  condensation  of  the  vapors  during  ebullition.  While 
the  retort  is  in  this  position,  ebullition  is  continued  for  consider- 
able time,  until  it  ceases  to  have  any  effect  on  the  height  of  the 
mercury  in  the  thermometer.  The  lamp  being  now  removed  for 
the  moment,  the  neck  of  the  retort  is  turned  down,  and  quickly 
connected  with  a  Liebig  condenser.  The  lamp  being  now  re-  * 
placed,  the  distillation  is  commenced.  So  soon  as  the  mercury 
m  the  thermometer  shall  have  become  constant,  which  will  now 
occupy  but  a  few  seconds,  the  temperatures  by  the  retort  ther- 
mometer and  the  side  thermometer  are  carefully  noted,  and  also 
the  time  at  which  these  observations  are  made.  During  the  dis- 
tillation, which  is  continued  nearly  to  dryness,  the  readings  of 
the  thermometers  and  of  the  watch  are  noted  at  regular  intervals, 
or  so  often  as  any  appreciable  variation  of  the  retort  thermometer 
shall  have  taken  place.  The  average  of  the  several  observations, 
or  of  those  corresponding  to  the  longer  intervals  of  time,  apply- 
ing the  corrections  for  atmospheric  pressure  and  for  the  upper 
column  of  mercury,  according  to  Kopp,"  is  taken  for  the  true 
boiling-point.  I  have  generally  obtained  the  hydrocarbons  so 
pure  that  the  whole  quantity  operated  upon  would  distil  within 
the  range  of  1^  of  temj)erature,  and  not  unfrequently  within  0^-5. 
In  a  few  cases,  however,  when  the  quantity  of  material  at  com- 
mand would  not  permit  of  the  attainment  of  so  high  a  degree 
of  purity,  the  distillation  would  range  over  two  or  three  degrees ; 
in  such  cases  I  have  generally  taken  the  average  of  the  temper- 
atures corresponding  to  the  longest  interval  of  time,  as  probably 
"  Poggendorflf's  Annalen,  1847,  Ixxii,  88. 
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representing  more  nearly  the  true  boiling-point  of  the  body.  In 
stating  ray  results,  however,  I  shall  give  the  limits  of  tempera- 
ture within  which  the  distillation  was  effected.  The  thermome- 
ters employed  in  the  determinations  wei'e  the  best  that  I  could 
obtain  from  Fastr^  of  Paris;  for  the  temperatures  below  100** 
the  instrument  used  was  calibrated,  and  the  scale  divided  into 
fifths  of  a  degree.  The  determinations  above  100^  were  all 
made  with  one  thermometer. 

The  method  just  described  differs  in  some  respects  from  that 
of  Kopp.  He  objects  to  the  practice  of  taking  boiling-points 
with  the  thermometer  bulb  immersed  in  the  liquid,"  on  the 
ground  that  the  thermometer  in  this  condition  hardly  ever  indi- 
cates a  constant  temperature,  the  end  of  the  mercurial  column 
being  in  a  state  of  motion.  He  states  that  a  boiling-point  taken 
in  this  manner  may  lie  several  degrees  above  that  found  with 
the  thermometer  bulb  in  the  vapor.  As  bearing  on  this  point, 
I  propose,  a  little  farther  on,  to  give  the  results  of  a  few  experi- 
ments and  observations,  which,  with  others  of  similar  character, 
have  induced  me  to  depart  from  the  now  more  common  custom 
of  taking  boiling-points  with  the  thermometer  bulb  in  the  vapor. 

Under  normal  conditions,   the  temperature  of  the   boiling 
liquid  and  that  of  the  vapor  evolved  should  be  the  same.     The 
only  disturbing  influence  which  appears  to  have  been  specially 
dwelt  upon  as  likely  to  alter  these  conditions  in  the  taking  of 
.boiling-points,  is  the  liability  of  some  liquids  to  adhere  to  the 
surface  of  the  glass  in  such  a  manner  as  to  produce  abnormal 
elevation  of   temperature,  generally  attended  with  irregular 
ebullition,  and  consequent  fluctuation  of  the  thermometer.    To 
remedy  this  it  is  usual  to  introduce  pieces  of  platinum ;  iron 
filings,  coal,  etc.,  have  also  been  employed.     As  above  remark- 
ed, pieces  of  coke — or,  when  admissible,  sodium— are  found  to 
be  more  surely  effectual  with  hydrocarbons  than  platinum.     In- 
deed, during  more  than  three  years  of  experience  and  careful 
observation  upon  a  large  number  of  hydrocarbons,  I  have  not 
yet  met  with  a  single  instance  in  which  irregular  ebullition  and 
Its  consequent  disturbing  influence  upon  the  boiling-point  might 
not  be  completely  prevented  by  these  means.     Although  I  can- 
not, of  course,  go  so  far  as  to  say  that  equally  satisfactory  results 
would  be  obtained  with  other  liquids  by  the  use  of  coke,  it  is 
nevertheless  my  belief  that  in  a  majority  of  instances  such  would 
be  the  case. 
I  have  dwelt  upon  this  point  for  the  reason  that  the  objections 

"  Lasst  man  die  Kugel  des  Thermometers  in  die  siedende  Fliissigkeit  taocfaen, 
•o  zeigt  fast  nie  das  Instrament  eine  constante  Temperatur,  vondern  das  Ende  des 
Queel^ilberfadens  ist  in  stetter  hUpfender  oder  zittender  Bewegung ;  der  anf  diese 
Art  gefundene  Siedepunkt  kann  nur  melirere  Grade  boher  liegen,  als  der,  weldier 
^efundon  wird,  wenn  sioh  die  Kugel  des  Thermometers  io  dem  Dampf  der  aiedeo- 
den  Flussigkeit  befindet** 
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to  the  custom  of  taking  boilins-points  with  the  bulb 
appear  to  be  even  greater  than  those  which  Koj 
against  the  opposite  course  of  placing  the  bulb  in 
I  shall  proceed  to  show.  It  therefore  becomes  a  u 
importance  that  the  objections  to  one  or  the  other  c 
be  removed ;  and  I  think  it  will  be  found  easier  to 
objections  to  placing  the  bulb  in  the  liquid,  as  I 
the  case  of  many  hydrocarbons,  even  if  coke  shall 
equally  eflScient  with  most  other  liquids. 

My  experience  has  shown  that,  when  irregulai 
effectuallv  prevented,  the  temperature  of  the  vapc 
ing  liquid  is  more  liable  to  lead  to  an  erroneous 
of  the  boiling-point,  than  the  temperature  of  the 
The  reasons  for  this  are,  first,  that  the  vapor  is  lia 
superheated  by  the  hot  air  from  the  flame  comi 
with  the  sides  of  the  retort  above  the  surface  c 
second,  that,  with  the  bulb  in  the  vapor,  the  tl 
more  liable  to  sudden  depression  from  currents  of 
ing  over  the  retort.  If  the  bulb  be  in  the  vapor,  t 
of  either  of  these  disturbing  influences  would  tl: 
principal  mass  of  the  mercury  in  the  thermomet 
the  contrary,  if  the  bulb  were  in  the  liquid,  only  tl 
tity  of  mercury  in  the  stem  of  the  thermometer  v 
jected  to  these  influences ;  the  liquid  then  serving  i 
and  reducing  the  error  from  these  sources  to  a  mm 
tuations  from  currents  of  cold  air  are  comparative 
more  easily  prevented  than  those  from  overheati 
The  latter  is  the  more  likely  to  occur  the  lower  th< 
of  the  liquid,  or  when  the  quantity  of  liquid  in 
small.  I  have,  however,  observed  from  this  cans 
of  8°-4°  in  distilling  a  body  boiling  as  high  as  98° 
unnecessarily  large  flaine.  But  the  liquid  in  thii 
pretty  low  in  the  retort. 

In  the  case  of  liquids  boiling  below  the  commoi 
it  seems  indispensable  that  the  bulb  of  the  therm 
be  placed  in  the  liquid.    As  evidence  of  this  1 1 
the  results  of  observations  made  while  occupied 
some  exceedingly  volatile  products  from  Americai 

Experiment  1, — The  liquid  operated  upon  boil< 
temperature  that  the  distillation  was  effected  by  t 
surrounding  atmosphere.  The  distillation  was  c 
flask,  and  the  bulb  of  the  tbemometer  placed  in  th 
flask  was  attached  to  my  condensing  apparatus, 
'*  refrigerator,  B,  fig.  2."  "    The  temperature  of  t 

"  See  Memoir  *'  On  Procets  of  Fractional  Oondensation,**  Men 
can  Academy,  1864,  and  this  Journal,  last  vol,  p.  827. 
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worm  contained  in  ttie  "  elevated  bath,  ora,  fig.  2,"  "  and  also 
that  of  the  "first  receiver,  i,  fig.  2,"  "  was  ll°-5.  The  tempera- 
ture of  the  "  cold  bath,  ti,  fig.  2,"  "  was  11^.  The  condenser  in 
"the  refrigerator,  B,"  and  the  "second  receiver,"  were  cooled  in 
a  mixture  of  ice  and  salt  With  the  liauid  boiling  steadily  from 
several  points  on  the  bottom  of  the  nask,  and  the  condensed 
product  from  the  distillation  running  well  from  the  refrigerator 
into  the  **  second  receiver,"  not  a  drop  was  condensed  in  any  of 
the  apparatus  intervening  between  the  flask  and  the  "second 
receiver,"  although  this  part  of  the  apparatus  was  cooled,  as 
already  stated,  to  about  11^.  The  temperature  of  the  vapor  in 
the  flask  at  this  time  was  18°'5,  or  only  2^*6  below  the  temper- 
ature of  the  laboratory.  These  observations  show  that  the  liquid 
was  boiling  at  a  temperature  considerably  below  that  indicated 
by  the  thermometer  in  the  vapor.  Additional  evidence  of  this 
was  furnished  by  the  fact  that,  during  the  distillation,  the  exte- 
rior of  the  flask,  from  the  bottom  to  about  one  quarter  of  an 
inch  above  the  surface  of  the  liquid,  was  thickly  covered  with 
water  condensed  from  the  atmosphere,  resembling  heavy  dew ; 
while  above,  the  sides  of  the  flask  were  perfectly  dry.  It  was 
these  observations  which  first  directed  my  attention  to  the  fiict 
that  the  temperature  of  the  vapor  could  not  in  all  cases  be  de- 

{>ended  upon  for  the  true  boiling-point  of  a  liquid,  and  naturally 
ed  me  to' make  other  experiments  with  special  reference  to  this 
question. 

Experiment  2. — The  conditions  of  this  experiment  were  some- 
what different  from  those  of  the  first.  The  liquid  operated  upon 
was  the  extremely  volatile  product  collected  m  the  "second  re- 
ceiver" of  Experiment  1.  The  flask  employed  was  smaller,  and 
provided  with  two  thermometers ;  the  bulb  of  one  of  these  was 
placed  in  the  liquid,  and  that  of  the  other  in  the  vapor.  The 
flask  stood  in  a  water-bath  containing  ice- water;  this  bath  was 
also  provided  with  a  thermometer.  The  temperature  of  the  ice- 
water  bath  was  very  gradually  raised  by  means  of  a  small  flam© 
from  a  Bunsen's  burner.  Temperature  of  the  laboratory,  20**  C. 
Observations  during  the  distillation : — 

I  Temperature  of  the  water-bath,      -  -  10* 

1.^            *'             *'       boiling  liquid,  -            8* 

"            *'       vapor,    .        -  -  18*'5 

r  Temperature  of  the  water  bath,      -  -  12® 

2.]            "            "       boiling  liquid,  -            9*^ 

(            **            "       vapor,    -        -  -  18* 

I  Temperature  of  the  water-bath,      -  -  18* 

"             *'       boiling  liquid,  -  10'' 

I             «            "       vapor,    -        -  -  14® 

"  See  Memoir  '*  On  Process  of  Fractional  Condensation,**  Memoirs  of  the  Ameri- 
can Academy,  1864,  and  this  Journal,  loc.  cit. 
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(  Temperature  of  the  water-bath, 
10  minutes  later.     4. 1  "  "       boiling  liquid, 

{  "  "      vapor,    - 

I  Temperature  of  the  water-bath, 
20  minutes  later.     5.  •<  "  "       boiling  liquid, 

{  **  "      vapor,     - 

Experiment  8. — The  subject  of  this  experiment  ^ 
which  I  had  separated  from  the  most  volatile  produ( 
distillation,  on  a  manufacturing  scale,  of  the  crude 
tained  in  the  distillation  of  coal-tar.  The  apparatu 
was  essentially  the  same  as  that  used  in  Experiment 
addition  of  the  extra  thermometers,  as  in  Experim^ 
condensing- worm  in  the  **  elevated  bath,"  and  that  i 
bath,"  and  also  the  ** first  receiver,"  were  all  cooled 
ice.  The  condenser  in  the  "  refrigerator,"  and  also  1 
receiver,"  were  both  cooled  in  a  mixture  of  ice  and 
retort,  which  stood  in  a  small  copper  bath  containi 
ice,  was  charged  with  about  250  c.  c.  of  the  liquid, 
been  previously  cooled  in  a  mixture  of  ice  and  salt, 
turc  of  the  laboratory,  16°  C.  Observations  during 
tion : — 

Temperature  of  the  retort-bath, 
**  **      boiling  liquid, 

**  "       vapor, 

r  Temperature  of  the  retort-bath, 
46  minutes  later."  2.  ^  **  "       boiling  liquid, 

(  "  "       vapor, 

i  Temperature  of  the  retort-bath, 
16  minutes  later.     3.  \  "  "       boiling  liquid, 

(  "  "      vapor, 

r  Temperature  of  the  retort-bath, 
30  minutes  later.     4.  -I  '*  "       boiling  liquid, 

(  **  "       vapor, 

i  Temperature  of  the  retort* bath, 
30  minutes  later.     6.  •<  ''  "       boiling  liquid, 

(  "  "      vapor. 

The  apparent  inconsistency  that  the  temperature  o 
liquid  should  be  above  that  of  the  heating  medium,— 
bath — which  continued  during  the  first  forty-five  mi 
experiment,  is  to  be  explained  by  the  fact  that  then 
column  of  mercury,  above  the  surface  of  the  liquid 
subjected  to  the  heating  influence  of  the  vapor.  I  w 
remark  that  the  gradual  elevation  of  the  boiling-poii 

**  From  this  point  the  temperature  of  the  retort-bath  was  grad 
meaDS  of  a  small  gas-flAme. 
AM.  J  OUR.  Sci.— Second  Series,  Vol.  XL,  No.  11»*— Sept.,  ISO 
29 


Digitized  by  VjOOQ IC 


226 


C.  M.  Warren  on  the  Volatile  Hydrocarbons. 


ted  by  the  thermometer  in  the  liquid,  is  also  only  apparent,  and 
is  due  to  the  gradual  uncovering  of  the  bulb  as  the  liquid  was 
distilled  off.  At  the  close  of  the  experiment  only  about  one- 
fifth  of  the  bulb,  which  unfortunately  was  a  long  one,  was  under 
the  surface  of  the  liquid.  That  this  is  the  true  explanation  is 
evinced  by  the  fact  that  during  the  experiment  not  a  drop  of 
liquid  was  observed  to  fall  back  into  the  retort  from  the  "  eleva- 
ted condenser,"  although  this  was  a  tube  ten  feet  in  length,  and 
cooled  to  the  temperature  of  0^. 

I  will  now  proceed  to  give  my  determinations  of  the  boiling- 
points  of  various  hydrocarbons,  and  of  some  of  their  deriva- 
tives, and  then  pass  directly  to  consider  the  bearing  of  these 
results  on  the  question  concerning  the  increment  of  boiling-point 
for  the  addition  of  C^H,  in  homologous  series.'*  The  data  for 
these  considerations  may  be  more  conveniently  arranged  in 
tabular  form,  exhibiting  at  once,  in  serial  order,  the  formulsB, 
boiling-points,  elementary  difference,  and  the  corresponding  dif- 
ference of  boiling-point, 

1.  Of  the  Hydrocarbons  obtained  from  Pennsylvania  Petroleum. 

l6T  SkEIES. 


FonnaU. 

BoiUoff.poiDt 

difftreoM. 

Diflerenee  of 

boiliof-point 

iband. 

1 

Range  of  Temperetora 

withio  which  the  sub. 

■tance  woaM  aU  distil. » 

0.  H., 

^16^18 
^18^20 

0-0  (?) 

30-2 

61-3 

90-4 
119-5 
160-8 

C,H, 

o 

30-2 
31-1 
29-1 
29*1 
31-3 

o 

1 
1-6 
0-8 
1-0 
1-0 
0-8 

Average  increit 

lent  of  boilir 

ig-point  for  tl 

160-8-7-5 
be  addition  < 

=30**-16 

>f  C2Hjj=:30^-ie. 

'^  In  coDsidering  this  question  I  shall  include  the  boiling-points  of  the  substances 
which  I  have  separated  from  Pennsylyania  petroleum,  and  the  oil  distilled  from 
Albert  coal ;  reserving  for  a  subsequent  memoir  all  other  facts  which  have  been 
derived  from  the  study  of  these  bodies. 

**  The  ranges  of  temperature  given  in  this  and  in  the  corresponding  colnmns  of 
the  following  tables,  are  for  the  purpose  of  showing  the  impossibility  of  there  hav- 
ing been  anv  essential  error  in  the  determinations  of  tfie  boiling-points;  as  is 
evinced  by  the  fact,  in  each  case,  that  the  whole  product  was  found  to  distil  with- 
out residue  within  such  narrow  limits.  With  so  small  a  range  of  temperature,  it  is 
evident  that  it  would  make  no  practical  difference  whether  either  extreme  or  the 
mean  of  the  observations  be  taken  for  the  boiling-point 

The  fact  that  these  substances  distil  without  residue  within  so  short  a  range  of 
temperature,  is  also  of  much  value  as  proof  of  the  existence  of  the  two  parallel 
series  in  petroleum  and  in  coal-oil,  with  boiling  points  so  near  together  [as  shown 
by  comparison  of  the  boiling  points  of  the  first  with  the  second  series  from  petro- 
leum ;  and  also  of  the  two  corresponding  series  from  Albert  coal-oil] ;  espedally  if 
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2d 


Formula.  (T) 

Boiling-poloL 

Elementary 
difference. 

Difference  of 

boillng-poiot 

found. 

Range  of  temperature 
within  whicli  the  tab- 
stance  would  all  disiil. 

o 
8-9 
37-0 
68-6 
981 
127-6 

o 

29-0 
81-6 
29-6 
29-5 

o 

0-4 
0-6 
1-2 
1-5 

Average  increii 

leut  of  boilin 

H9  6-f.4  =  29**-9 
g-point  for  the  addition  of  C2H2=29°-9. 

8d  series.    (Not  completed.) 


Formula. 

Boiling-point. 

Elementary 
difference. 

DiJl'erence  ul 
boiling-Duint 

Uauge  ol  temperature 
whiiln  which  the  sub- 
stance would  all  distil. 

^22°22 
^24^24 

174-9 
195-8 
216-2 

C,H, 

o 

20-9 
20-3 

o 

1-7 
1-6 
2-2 

Average  incren 

lent  of  boilin 

g  point  for  tli 

41 -2-^2 
e  addition  o 

z=20^-6. 

f  C2HaZ=20*-6. 

tbis  is  considered  in  connection  with  the  fact,  so  far  as  my  exprience  goes,  that  the 
quantities  of  material  in  one  series  are  generally  about  equal  to  those  in  the  other. 

That  no  erroneous  conception  may  be  formea  as  to  the  degree  of  ])urity  of  the 
substances  treated  of  in  this  and  the  following  tables,  from  a  mere  inspection  of 
the  ranges  of  temperature  here  given ;  and  in  order  that  the  almost  absolute  con- 
stancy of  the  boiling-points,  in  most  cases,  may  not  be  overlooked,  I  would  refer  to 
the  preceding  memoir  for  further  details  concerning  the  boiling-points  of  such  of  these 
bodies  as  are  therein  treated  of.  For  example,  it  will  be  found  under  the  head  of 
'*  Determination  of  boiling-point"  of  benzole,  Uiat  in  the  distillation  it  required  60 
minutes  for  the  temperature  to  rise  0<^2 ;  while  in  one  of  the  following  tables  it  will 
be  seen  that  the  range  of  temperature  within  which  the  benzole  distilled  to  dryness 
was  found  to  be  0°'8.  Likewise,  by  reference  to  the  **  Determination  of  lioiling- 
poiut "  of  toluole  it  will  be  observed  that  it  was  found  to  boil  absolutely  constant 
48  minutes;  while  the  range  of  temperature  given  in  the  table  referred  to  is  0^*7. 
In  such  cases  as  these,  the  slight  rise  of  temperature  which  takes  place  just  before 
going  to  dryness,  is  doubtless  to  be  attributed  to  superheating  of  tlie  vapor,  in  con- 
sequence of  there  being  so  small  a  quantity  of  liquid  in  the  retort  Similar  in- 
stances of  absolute  constancy  of  boiling-point  to  tho^e  just  cited,  might  be  given 
from  among  the  products  in  either  series  from  petroleum  and  Albert  cool ;  which 
the  range*  of  temperature  given  in  these  tables  do  not  indicate. 

^*  1  am  somewhat  in  doubt  whether  the  bodies  composing  this  series  and  the 
second  series  from  Albert  co^l  have  the  formula  On  Hn+2  ^  bere  represented, 
there  being  some  indication  that  they  contain  less  of  hydrf>gen.  For  the  purpose 
for  which  they  are  now  presented,  it  is  immaterial  which  formula  is  employed,  as 
the  common  elementary  difference  and  the  boiling-point  differences  would  remain 
the  same;  the  solution  of  this  question  is  therefore  deferjced  for  a  subsequei^t 
memoir. 
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2.  0/  the  Bydrocarbons  obtained  from  Albert  coal 
In  SERiis.    (Not  completed.) 


Formula. 

Boiling-point. 

Elementary 
difl'erence. 

DiflVrence  of 

boiling-puint 

found. 

Runge  of  temprrktiiie 
within  vkhich  Uie  snb- 
Mnnce  wmild  all  distil. 

o 

59-9 

90-6 

119-7 

o 

30-7 
291 

1 

1-6 
0-6 
0-6 

The  average  boiling-point 
CjHa.Ts,  therefore,  29'' 

difference,  in 
-9. 

59-8~2=29*»-9 
this  series,  for  the  addition  of 

2d  sesies.    (Not  completed.)" 


Formula.  (1) 

Boiling-point 

Elementary 
dliTerence. 

DitHfrt-nce  of 

i>oiling*point 

found. 

Range  of  urinpeniture 
within  whicli  the  aulK 
stance  would  all  distil. 

o 

680 

98-5 

1251 

0 

30-5 
26-6 

o 

10 
0-6 

Averag 

e  boiling-poin 

57l-r2 
t  difference 

=28^-6 
=28*6. 

3.   Of  Hydrocarbons  obtained  from  Coal-tar  Naphtha, 


Name  of  aubttance. 

Formula. 

BoiUoff-jMiat 

Elementary 
difTerence. 

Differouce  of 

boiliog-poiot 

found. 

Range  of  temp^mlure 
within  which  tti«aub- 
stHDce  would  all  dtstU. 

Benzole, 
Toluole, 
Xylole> 
Isocumole, 

80-0 
110-3 
139-8 
169-9 

o 

30-3 
29-5 
301 

0-8 
0-7 
0-4 
1-0 

Average  incr 
-^3=29*- 

ement  of 
97. 

boiling-po 

int  for  th 

89-9 
e  addition 

of  C3H2=89-9 

4.  Of  Cumolefrom  Cuminic  Acid,  and  Oymokfrom  Oil  of  Cumin, 


Name  of  aubaUnce. 

Formula. 

Boiling-point. 

0, .  „|Dinerence  of   Range  of  temperature  I 

5  SS?!?.   ^i  boiling-point  within  which  the  i»ub- 
differeuce.  |       ,^„„,„,        „g„^^  ^j,„,j  .„  ^j^^j,^  | 

Cumole, 
Cyraole, 

I5V1 

179-6 

C,H, 

0 

28-5 

0 

3-6 

1-2 

With  only  a  single  exception,  the  results  presented  in  the 
above  tables  point  clearly  to  30*^  as  the  common  increment  for 
the  adcUtioa  of  C^H,  in  homologous  series  of  hydrocarbons. 

^^  See  footnote  on  |ireceding  page. 
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Indeed,  leaving  out  of  the  calculation  the  third  serie 
leum  (having  the  general  formula  CnHn), — which 
anomalous, — and  also  the  products  from  oil  of  cun 
age  of  all  the  other  boiling-point  differences  is  29**  I 
individual  variations  from  the  number  80^,  rarely 
single  degree,  may  reasonably  be  attributed  to  < 
thermometer  (especially  in  case  of  temperatures 
or  in  some  instances  to  a  want  of  purity  of  one  of  1 
substances;  which  latter  cause  I  doubt  not  is  the 
body  from  petroleum  boiling  at  37°,  as  upon  this 
bestowed  less  labor  in  fractioning  than  upon  most  ( 
on  account  of  the  extreme  volatility  and  consequei 
substance,  by  which  the  quantity  had  become  so  n 
that  I  could  ill  afford  further  loss.  In  the  case,  als 
from  oil  of  cumin,  and  cumole  from  cuminic  acid, 
boiling-point  difference  varies  only  1°*5  from  the  co 
ence  of  80°,  the  want  of  perfect  agreement  may 
counted  for  by  the  fact  that  the  quantity  of  cumole 
was  too  small  to  admit  of  continuing  the  process  c 
far  enough  to  obtain  perfect  constancy  of  boiling-po 
sequence,  also,  of  the  quantity  being  so  small,  the 
of  the  boiling-point  of  cumole  is  less  reliable,  as  tl 
conducted  in  a  test-tube.  It  came  into  full  ebulliti 
the  temperature  rising  gradually  to  151°'6  (obser 
tures),  at  which  latter  temperature  it  had  distilled  r 
ness.  The  distillation  occupied  thirteen  minutes  in 
the  range  of  three  degrees.  The  average  of  the  ej 
the  usual  corrections  for  pressure,  &c.,  was  taken  fo 
point.  Abel,"  who  probably  operated  on  a  lar| 
found  the  boiling-point  of  cumole  to  be  148°.  It 
pear  that  he  applied  the  corrections  for  pressure  ai 
column  of  mercury.  I  do  not  doubt  that  the  true 
of  this  body  will  be  found  to  be  150°,  which  would 
difference  of  30°  between  it  and  cymole. 

I  would  here  remark  that  this  difference  of  30° 
tion  of  C3H2  was  first  observed  while  engaged  i 
Pennsylvania  petroleum,  and  the  oil  from  Albert  cc 
ces  the  most  difficult  to  separate,  on  account  of  thi 
each  of  two  paralld  series  of  constituents,  whose  I 
lie  so  near  together. 

As  no  one  had  preceded  me  in  the  investigation 
stances,  my  miini  was  as  far  as  possible  unbiased  t 
ing-points  of  the  constituents  of  these  mixtures.  I  \ 
aware  of  the  beautiful  relation  between  elementar 
and  boiling-point  which  Kopp  had  discovered,  and 
the  fact  that  the  more  recent  investigations  had  sh 

"  Annalen  der  Cbemie  nnd  Pharmacie,  1847,  Ixiii,  8 
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* 

ing-poiDt  difference  among  ];jomo1ogous  hydrocarbons  to  be  about 
22°  6.     If  there  was  any  one  thing  which  more  than  another 
tended  to  bias  me,  it  was  the  recent  work  of  Church**  on  the 
boiling-points  in  the  benzole  series,  in  which  he  made  the  boiling- 
point  aitference  invariably  22°  and  a  fraction,  a  number  varying 
but  8°  from  the  theory  of  Kopp.     Soon  after  the  publication  of 
Church's  results,  however,  Kopp"  accepted  the  number  22^*5  as 
about  the  boiliug-point  difference  in  this  series,  therefore  regard- 
ing it  as  one  of  the  exceptional  series  in  which  the  boiling-point 
difference  is  greater  than  19°.    The  work  of  Church  had  certainly 
the  appearance  of  having  been  performed  with  great  care,  con- 
ducting to  a  beautiful  harmony  of  results.    Mv  confidence  in 
his  determination  of  boiling-points  was  increased  not  a  little  by 
his  alleged  discovery  in  coal-naphtha  of  xylole,  boiling  at  126°-2, 
indicating  a  more  thorough  analysis  of  this  naphtha  than  those 
which  had  been  previously  published.    This  body,  the  supposed 
middle  member  of  the  benzole  series,  had  up  to  that  time  been 
regarded  as  wanting  in  coal-tar  naphtha,  although  all  of  the 
other  members,  above  and  below  it,  were  found  to  be  present, — 
an  anomaly  not  easily  reconciled  with  any  plausible  theory  in 
regard  to  the  formation  of  these  bodies.     In  view  of  these'cir- 
cumstances,  therefore,  I  was  naturally  led,  from  analogy,  to  an- 
ticipate that  the  boiling-point  difference  among  the  hydrocarbons 
from  petroleum  and  Albert  coal  would  not  vary  much  from  20°. 
Not  being  able,  however,  to  reconcile  with  previous  facts  and 
theories  on  this  subject  the  indications  which  were  being  grad- 
ually unfolded  by  my  seemingly  unerring  process  of  separation, 
I  was  compelled  to  lay  aside  all  bias,  and  to  regard  these  indica- 
tions as  pointing  unmistakably  to  a  much  greater  difference  of 
boiling-point  for  the  addition  of  0,H,  than  had  previously  been 
supposed  to  exist  in  this  class  of  substances. 

Having  finally  established  beyond  question  the  common  dif- 
ference of  80^  for  the  addition  of  C,H,  among  the  hydrocarbons 
from  Albert  coal  and  petroleum  (the  third  series  from  petroleum, 
with  the  difference  of  20°,  had  not  then  been  reachea),  I  began 
to  surmise  that  this  difference  might  be  found  to  be  common 
among  all  other  series  of  hydrocarbons.  In  this  connection  my 
mind  naturally  reverted  to  the  earlier  determinations  of  the 
boiling-points  of  the  members  of  the  benzole  series,  some  of 
which,  especially  those  of  benzole  and  toluole,  which  had  been 
more  stuaied  than  the  others,  indicated  strongly  that  80°  might 
prove  to  be  the  tiue  difference  for  the  addition  of  C^H,  in  this 
series.  My  confidence  in  Church's  determinations  thus  began 
to  diminish,  and  finally,  I  undertook  to  make  a  thorough  analy- 
sis of  coal-tar  naphtha,  the  results  of  which  are  given  in  table  8. 

*  Philosophical  Magazine,  1866,  [4],  ix,  260. 

**  Aonaleu  der  Chemie  uod  Pharmacie,  1866,  xctI,  29. 
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As  there  shown,  the  boiling-po 
is  also  80°,  and  the  number  oi 
in  place  of  five,  as  alleged  by  ( 

This  diflference  of  80^  thus 
hydrocarbons,  is  so  much  large 
Kopp  had  found  so  frequent  ii 
the  discrepancy  cannot  be  rega 
evidence,  if  such  were  wanting, 
the  same  law  in  this  regard,  h 
those  series  in  which  the  boilin 
ary  diflference  of  CaHj  may  be 
has  already  furnished  some  ex 

That  the  diflference  may  al» 
receives  confirmation  from  th< 
tables. 

6,  0/  the  NUrO'Compounds  der\ 

Benzc 


Name  of  substaoce. 


Nitro-benzole, 
Nitro-toluole, 
Nitro-xylole, 
Nitro-isocumole, 


Formula. 


C„H,  NO, 
C,,H,  NO, 
0.,H,  NO, 
C„H,.NO, 


7.  0/  the  Alkaloids  derived  fro 

& 


Name  of  ButwtaDce. 


Aniline, 
Toluidine, 
Xylidine, 
Iso-cumidine, 


Formula. 


C.2H,  N 
0,,H,  N 
C.eH.,N 


In  regard  to  the  results  pr< 
may  be  remarked,  first,  that  oi 
of  nitro*compounds,  viz:  an  1 
between  this  and  the  number 
leave  no  room  for  reasonable  c 
ceptional  series  in  which  the  \ 
19°  for  the  elementary  diflferer 
not  appear  to  have  been  exam 
to  make  as  accurate  a  determii 
stances  would  allow.  The  boi 
for  pressure  and  the  upper  : 

♦  No! 


Digitized  by  VjOOQ IC 


232  C.  M.  Warren  on  the  Volatile  Hydrocarbons. 

points  which  have  already  been  published  of  these  bodies,  so  far 
as  I  have  noticed,  appear  to  have  been  given  in  the  observed, 
i.  e.  Uncorrected  temperatures.  The  quantities  of  nitro  benzole 
and  nitro-toluole  which  I  operated  upon  were  sufficiently  large, 
and  of  a  high  degree  of  purity,  presenting  perfectly  constant 
boiling-points.  The  quantity  of  nitro-xylole,  nowever,  was  not 
so  large  as  would  have  been  desirable.  Although  the  boiling- 
point  of  this  body  is  doubtless  very  nearly  correct,  those  of  nitro- 
oenzole  and  nitro-toluole  are  more  to  be  relied  upon;  and 
omitting  the  fraction,  the  number  14®  may,  I  think,  be  safely 
taken  as  the  true  boiling-point  difference  in  this  series.  Second- 
ly, that  the  less  striking  difference  presented  in  the  series  of  alka- 
loids, being  only  2°  under  the  number  19**,  cannot  reasonably 
justify  the  assumption  that  this  small  discrepancy  of  2*^  is  attrib- 
utable to  impurity  of  the  substances,  or  to  inaccuracy  in  the  de- 
termination of  the  boiling-points,  when  it  is  considered  that 
great  care  was  taken  to  obtain  a  high  degree  of  purity  and  accu- 
racy, and  when  it  is  considered  also  that  previous  observers 
have  made  this  discrepancy  larger  than  mine.  It  was  on  ac- 
count of  the  fact  that  so  small  a  discrepancy  would  naturally 
raise  a  doubt  as  to  the  reliability  of  the  aeterminations,  and  for 
the  reason  that  Kopp'^  has  considered  this  series  of  alkaloids  as 
agreeing  tolerably  well  with  his  general  law,  that  special  care 
was  taken  on  my  part  to  arrive  at  a  correct  result.  I  am  confi- 
dent, therefore,  that  the  boiling-point  difference  here  will  not  be 
found  to  vary  more  than  a  fraction  from  17°.  Of  the  absolute 
accuracy  of  the  boiling-points  themselves  I  do  not  speak  so  con- 
fidently, since  these  depend  so  much  on  the  accuracy  of  the 
thermometer  at  these  high  temperatures ;  but  the  correction  of 
any  errors  which  may  have  arisen  from  this  source  would  not 
be  likely  to  alter  the  relation,  and  the  difference  between  the 
boiling-points  would  still  remain  about  the  same.  This  remark 
applies  with  equal  force  as  to  the  reliability  of  the  other  boiling- 
pomts  presented  in  this  paper,  especially  of  those  of  high  tem- 
peratures. 

It  remains  now  to  consider  the  foregoing  facts  with  reference 
to  the  other  theories  mentioned. 

[To  be  concladed.j 
*'  AnnaleD  der  Chemie  und  Pbarmacie,  1865,  xcvi,  24. 
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Abt.  XXJIL— Barometer ;  by  James  Lewis. 

In  the  present  condition  of  meteorological  science,  there  is  a 
growing  demand  for  facilities  of  observation  that  invites  the  aid 
of  mechanical  appliances  which  have  for  their  purpose  to  make 
automatic  records  of  phenomena  practically  free  from  sensible 
errors.  The  remarks  about  to  be  made  are  suggested  by  exper- 
iments and  calculations  that  have  been  made  preliminary  to  the 
construction  of  a  compensated,  self-registering  barometer.  The 
form  of  instrument  to  which  they  relate  is  an  improvement  upon 
the  apparatus  called  the  **  Syphon  Barometer."  In  the  course 
of  the  experiments  referred  to,  a  syphon  of  steel  was  made,  the 
dimensions  of  which  are  approximately  as  follows,  viz :  vacuum 
chamber — length=4'6  inches ;  diameter=0'41  inch.  Section  of 
tube  connecting  the  vacuum  chamber  with  the  base  of  the  sy- 
phon— length=28'75  inches;  diameter =0*8  inch.  A  capillary 
passage  through  the  base  connects  these  parts  with  the  short  arm 
of  the  syphon.  Before  filling  the  tube  with  mercury,  a  piston 
with  a  porous  packing  was  introduced  into  the  detached  and  in- 
verted long  arm  of  the  syphon,  the  open  end  of  the  tube  being 
embraced  by  a  suitable  funnel  to  prevent  loss  of  mercury. 
Mercury  was  then  filtered  into  the  tube,  above  the  packing  of 
the  piston,  until  the  whole  tube  was  filled,  the  funnel  around  its 
open  end  embracing  an  excess.  The  piston  was  then  made  to 
wipe  the  walls  of  the  vacuum  chamber,  and  was  afterward  with- 
drawn from  the  tube  by  a  pumping  process — wiping  and  pump- 
ing successive  portions  of  the  tube  repeatedly,  the  mercury  fil- 
tering through  the  porous  packing  of  the  piston  into  a  vacuum. 
Tests  for  vacuum  expanded  any  remaining  bubbles  of  air,  and 
the  pumping  process  again  repeated  reduced  the  tube  and  its 
contained  mercury  to  a  condition  indicative  of  a  perfect  vacuum 
which  has  maintained  its  integrity  through  a  period  of  over  six 
monthfl  under  circumstances  well  calculated  to  test  it.  The  pro- 
cess of  boiling,  usually  deemed  essential,  was  omitted.  The 
operations  of  this  syphon  indicate  that  the  diameters  of  the  short 
arm  and  vacuum  chambers  are  nearly  large  enough  to  remedy 
the  resistance  of  capilarity  and  adhesion  to  the  free  movement  of 
the  mercury.  The  syphon  is  supported  by  an  adjusting  screw 
beneath  its  base.  In  the  short  arm  of  the  syphon,  and  in  con- 
tact with  its  contained  mercury,  is  an  iron  float,  the  diameter  of 
which  where  it  touches  the  mercury,  is  about  0*26  inch.  The 
contact  is  perfected  by  amalgamation.  The  float  is  puspended 
by  a  slender  thread  of  untwisted  silk,  which  passes  around  a 
wheel  I  inch  in  diameter,  the  axis  of  which  is  about  0*02  inch 
in  diameter,  and  rests  on  four  friction  wheels.  One  end  of  the 
axis  of  the  wheel  carries  an  index  which  points  to  divisions  on 
Am.  Joub.  Soi.—Second  Sebibs,  Vol.  XL,  No.  IIO.—Skpt.,  1865. 
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a  dial  graduated  to  hundredths  of  an  inch ;  the  spaces  between 
the  divisions  are  sufficiently  wide  to  be  readily  divided  into  tenths 
(=  thousandths  of  an  inch)  by  an  experienced  eye.  Behind  the 
index,  and  attached  to  the  same  axis,  is  a  very  light  skeleton 
wheel  three  inches  in  diameter,  the  periphery  of  whicn  is  grooved 
for  the  reception  of  a  very  iBne  silk  cord  which  supports  a  light 
metallic  frame  carrying  a  registering  point,  the  movements  of 
which  are  restricted  to  a  vertical  path  by  means  of  a  ver^  slen- 
der guide-wire.  The  metallic  frame  and  registering-pomt  are 
rather  more  than  counter-poised  by  the  weight  of 'the  float  that 
communicates  with  the  mercury.  The  amount  of  friction  invol- 
ved in  these  parts  is  slight  and  does  appreciably  interfere  with 
the  movements  of  the  mercury.  The  pully  which  is  embraced 
in  this  arrangement,  and  which  transmits  the  movements  of  the 
mercury  to  the  registering  point,  multiplies  precisely  eight  times; 
but  as  only  one  half  of  the  barometical  fluctuation  is  manifested 
in  the  short  arm  of  the  syphon,  the  scale  of  record  requires  four 
standard  inches  for  the  measurement  of  a  barometrical  inch. 

The  registering  apparatus  embraces  a  number  of  cylinders 
(the  axes  of  which  are  parallel  with  the  vertical  path  of  the 
registering  point)  for  the  purpose  of  moving  a  fillet  of  paper  six 
inches  wide,  so  as  to  receive  impressions  from  the  registering 
point ;  also,  a  registering  hammer  with  a  radius  of  f  inch,  con- 
sisting of  a  bar  of  metal  six  inches  long,  revolving  about  an 
axis  parallel  with  itself  and  the  axis  of  the  cylinders,  so  as  to 
impinge  on  the  registering  point  at  any  part  of  its  traverse  across 
the  fillet  of  paper.  It  would  be  better  were  these  parts  de- 
signed to  embrace  eight  instead  of  six  inches  movement  of  the 
registering  point.  The  registering  apparatus  is  operated  by 
clock  work  which  imparts  motion  at  stated  intervals,  as  one 
hour,  a  half  or  a  quarter,  as  may  be  determined  by  shifting  the 
position  of  a  lever  arranged  for  that  purpose.  The  announce- 
ment may  be  new  that  a  syphon  barometer  contains  within  itself 
the  elements  by  means  of  which  it  may  be  successfully  compen- 
sated for  temperature. 

Compensation,  outside  of,  and  separate  from  the  tube  itself,  is 
objectionable  for  two  reasons:  first,  the  error  of  temperature 
varies  with  the  height  of  the  barometrical  column,  and  also  with 
the  quantity  of  mercury  in  the  syphon — these  two  conditions 
determine  another  condition  which  establishes  compensation  at 
one  point  of  elevation  of  the  barometrical  column,  above  or  below 
which  the  error  of  temperature  is  variable,  plus  or  minits: 
second,  any  system  of  compensation  outside  of  the  syphon,  will 
necessarily  involve  mechanical  complexities  liable  to  disturb- 
ance by  slight  causes. 

These  additions  will  of  course  involve  additional  items  of  cost, 
which,  if  bestowed  upon  the  compensation  of  the  tube  itself, 
would  permanently  obviate  all  difficulties. 
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The  question  of  compeneation  will  now  be  examined,  requir- 
ing only  the  comprehension  and  aid  of- the  artisan  that  it  may  be 
wrought  into  sl  practical  solution,  at  once  available  for  the  pur- 
poses of  the  meteorologist. 

Proceeding  u^n  the  assumption  that  the  maximum  elevation 
of  the  mercury  in  the  barometer  is  below  the  limit  of  82  inches, 
let  there  be  supposed  a  syphon  of  iron  or  steel  free  from  flaws, 
the  long  arm  of  which  has  an  elevation  of  32  inches,  the  short 
arm  an  elevation  of  6  or  more  inches,  their  diameters  being  any 
convenient  unit  and  equal.*  The  communication  between  the 
two  arms  of  the  syphon  may  be  a  small  orifice  (say  0*03  inch  in 
diameter)  through  the  base,  large  enough  to  permit  free  passage 
for  the  mercury,  and  small  enough  to  admit  of  handling  the 
syphon  in  the  necessary  manipulations  of  erection  without  en- 
dangering loss  of  its  contents  by  a  sudden  movement.  The  con- 
tents of  the  passage  through  the  base  may  be  disregarded  in  the 
calculations  on  which  the  compensation  depends.  Now,  regard 
the  long  arm  and  the  passage  through  the  base  of  the  syphon  as 
having  been  filled  with  mercury  at  the  temperature  of  32°  F. 

The  elements  which  enter  into  the  compensation  of  the  syphon 
require  to  be  considered,  viz:  a  unit  of  volume  of  mercury  at 
82*  F.,  becomes  at  212°,  1-018018  (Guyot's  Tables)= A ;  a  linear 
unit  of  iron  at  32°,  becomes  at  212°,  1-0012534363  (Hassler)=B. 

The  theoretical  elevation  of  a  barometrical  column  of  32 
inches  by  a  change  of  temperature  from  32°  to  212^  F.,  will  be 
32  A.  The  excess  over  its  former  elevation  may  be  expressed 
by  the  terms  32  (A— 1).  In  the  syphon,  the  iron  lube  expands 
by  the  rate  B  in  each  of  its  three  cubic  dimensions,  two  of 
which  (involved  in  the  square  of  the  diameter)  teiid  to  dimmish 
the  elevation  of  the  mercury  by  enlarging  its  sectional  area,  so 

that  the  elevation  of  the  column  might  be  expressed  by  32—2, 

referring  to  a  tube  closed  at  its  base  and  open  at  top ;  the  excess 
over  its  original  elevation  may  be  expressed  by  the  terms 

82(  gj— 1  j.    This  last  expression  is  less  than  the  unit  of  excess 

of  elevation  due  to  temperature  =  82 ( A— 1)  which  it  is  neces- 
sary should  be  attained  in  the  long  arm  of  the  syphon,  to  estab- 
lish compensation,  (presuming  that  it  is  attainable  as  a  theoretical 
consideration).  The  decimal  proportion  of  the  actual  excess  of 
elevation  of  the  mercury  in  the  tubes  to  the  required  excess  of 

82(b-,-i) 
elevation  may  be  obtained  from  the  expression  i    .    I^i 

32(A— 1 

'  The  miDimum  diameter  should  not  be  lew  than  half  an  inch ;  the  inaximum  di- 
ameter, on  the  other  hand,  need  not  exceed  one  inch.  A  compromise  l^tween  oo^ 
and  efficiencj  may  suggest  something  between  these  eztteo^es. 
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the  general  application  of  this  expression  to  the  computation  of 

the  compensation  of  the  syphon,  the  expression  is  ^  -^,  in 

which  H  is  made  successively  equal  to  82,  81,  30,  29,  &c.,  as  far 
as  it  may  be  necessary  to  proceed.  The  diflTerence  in  value  of 
the  numerator  and  denommator  of  this  fraction,  represents  the 
error  of   temperature    for  212®.      Regarding  the    expression 

82(^,-1) 

_)_-._i  as  being  but  a  fractional  portion  of  the  required 

unit  of  excess  of  elevation  for  temperature,  it  will  be  understood 
that  the  volume  of  mercury  which  it  represents  may  have  its 
altitude  increased  by  diminishing  its  sectional  area.  Thus,  if  the 
expression  be  regarded  as  a  unit  of  elevation  but  a  fraction  of 
sectional  area,  the  square  root  of  the  expression  becomes  a  diam- 
eter. This  process  modifies  the  form  of  the  upper  end  of  the 
long  arm  of  the  syphon,  converting  it  to  a  truncated  chamber  of 
the  form  of  a  solid  of  revolution,  the  smaller  end  at  top.  The 
lines  of  vertical  section  of  this  solid  are  curves,  the  asymptote 
of  which  is  the  axis  of  the  tube.  The  diameter  of  the  conical 
chamber,  beginning  at  top  and  measuring  at  intervals  of  half  an 
inch,  are  in  the  following  values,  which  relate  to  the  original 
unit  of  diameter: 


0*0  inch. 

diameter,  0  926629 

0-6    " 

M 

0-94 1466 

1-0    " 

M 

0-967017 

1-6    " 

M 

0-978879 

2-0    " 

U 

0-990609 

2-6    « 

U 

1-008785 

8-0    - 

«( 

1-028002 

8-5    «* 

u 

1-048869 

4-0    « 

u 

1069976 

4-5    « 

M 

1K)92992 

The  curve  which  defines  the  <)utlines  of  the  ichamber  is  so 

slight  a  departure  from  a  right  line  (0*004488  i<i  the  limits  of 

the  availaUe  part  of  the  cavity)  that  it  may  be  regarded  as  a 

straight  line  in  the  calculations  which  define  the  proper  length 

of  the  solid  of  revolution  without  involving  sensible  errors  in 

the  compensation.   The  solid  of  revolution  becomes  then  a  cone. 

This  cone  should  embrace  the  same  cubic  space  as  an  equal 

length  of  the  original  tube,  and  it  must  therefore  have  the  same 

mean  sectional  area;  make  x  =  base  of  cone,  d  =  truncated  top 

x^  +dx-^^ 
(diameters),  the  vakie  of  a;  may  be  found  from ^         =1. 

a;=l'071618.  This  value  occurs  between  the  diameters  1-069975 
and  1:092992,  and  Its  location  is  determined  by  the  proportion 


Digitized  by  VjOOQ IC 


/.  Lewis  on  the  Barometer. 

of  its  difference  from  the  first  of  these  two  stated  d 
their  own  difference.  The  length  of  the  cone  by  thi 
4*036700  inches,  a  very  small  fraction  too  short  (whe 
ature  is  considered)  for  'perfect  compensation ;  but  tl 
errors  are  inappreciable. 

In  the  proposed  compensated  syphon,  the  interior  c 
mercurial  contents  are  intended  to  be  the  same  as 
were  of  uniform  diameter.  The  object  sought  is  to  s< 
long  arm  of  the  syphon  the  theoretically  required  el 
to  temperature,  so  that  no  errors  of  temperature  wi 
entiated  betv/een  the  two  arms  of  the  syphon.  1 
chamber  will  accomplish  this  object  by  imparting  t 
elevation  at  the  expense  of  diameter.  But  this  mo< 
the  upper  end  of  tne  long  arm  changes  its  relation 
viously  cylindrical  short  arm  of  the  syphon,  and  n 
the  short  arm  should  be  an  inverted  fac  simile  of 
chamber,  so  that  under  the  influence  of  barometrica 
given  portion  of  the  column  of  mercury  transferre 
contents  of  one  arm  to  the  contents  of  the  other  si 
dergo  any  change  of  vertical  dimensions.  In  effe 
cubic  contents  of  the  conical  vacuum  chamber  will 
same  corneal  space  (at  the  temperature  82°)  at  all  e 
the  barometrical  column,  the  vacancy  in  the  vacuu 
being  equalled  by  the  space  occupied  by  mercury 
arm  of  the  syphon. 

The  tendency  of  the  surface  of  the  mercury  t 
spherical  form  with  increased  elevation  may  requi: 
adjustment.  Another  adjustment  may  also  be  necei 
count  of  the  tendency  of  the  mercury  to  seek  that  j 
conical  space  which  least  diminishes  its  sphericity. 

At  the  temperature  82^  F.  the  lower  limit  of  ut 
syphon  will  be  reached  with  a  barometrical  pressur 
inches,  the  upper  limit  being  82  inches.  The  poii 
the  tube  woula  be  self-compensating,  if  cylindrical, 
to  the  pressure  27-483489  inches  at  32^.  Above  tl 
error  has  the  same  sign  as  in  the  ordinary  barom 
that  point  the  sign  of  the  errbr  is  inverted. 

The  point  of  self-compensation  for  a  cylindrical 
ponds  to  the  section  of  mean  diameter,  or  rather, 
mean  sectional  area  of  the  conical  chambers. 

The  following  table  exhibits  the  temperature  erroi 
drical  syphon  of  32  inches  range,  for  212°. 

El 


23  inches, 

Error,  0081 

28  inches. 

24      " 

«      00«8 

29     «• 

26      " 

««      0-046 

30      " 

26      ** 

"      0-027 

81      « 

27      " 

"      0-009 

82      " 

Mohawk,  N.  Y. 
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Art.  XXIV. — On  a  new  Illuminator  for  Opaque  objects  under  high 
powers  of  the  Microscope;  by  H.  L.  Smith,  of  Kenyon  College. 

In  attempting  to  study  the  structure  of  the  diatomaceous  frus- 
tule,  I  found  it  impossible  to  view  it  with  high  powers  as  an 
opaque  object,  by  any  means  hitherto  devised.  In  a  valuable 
paper  on  the  scales  of  the  Podura,  (Mic.  Jour.,  N.  S.,  vol.  ii,  p. 
86),  Mr.  Eichard  Beck  has  stated  that  there  is  no  difficulty  in 
viewing  Uiem  as  an  opaque  object  with  the  -Jth  in.  objective  and 
condensers  rightly  placed.  Any  illumination  of  Diatoms  thus 
obtained  is  almost  useless,  from  the  great  obliquity  of  the  light^ 
and  with  powers  higher  than  the  |th  in.  is  quite  impossible. 

Mr.  Ross's  ingenious  arrangement,  suggested  b^^  Mr.  Brooke, 
of  a  plain  reflector,  flush  with  the  front  surface  of  the  objective, 
and  receiving  light  from  a  truncated  ellipsoidal  reflector  below, 
is  so  exceedingly  difficult  to  use,  and  only  with  a  special  mount- 
ing of  the  object,  that  it  has  never  been  generally  adopted.  Mr. 
Wenham's  method  is  entirely  inapplicable  to  Diatoms,  inasmuch 
as  it  depends  upon  the  total  reflection  of  the  light  from  the  un- 
der surface  of  the  glass  cover  of  a  mounted  object,  and  in  such 
case  the  Diatoms,  from  their  transparency,  and  the  near  coincid- 
ence of  refractive  index  of  sJlex  with  that  of  the  mounting  fluid, 
throw  back  but  a  feeble  light  and  are  nearly  invisible.  The  use 
of  the  well  known  colHmating  eye-piece  suggested  to  me  the 
idea  of  making  the  objective  its  own  condenser,  and  upon  com- 
municating this  idea  to  Mr.  Wales,  already  well  known  for  the 
excellence  of  his  objectives,  he  at  once  sent  me  a  trial  instru- 
ment. This  first  illuminator  proved  so  far  successful  that  I  was 
induced  to  persevere,  and  with  his  assistance  an  "  Illuminator  " 
has  been  constructed  which  gives  entire  satisfaction,  and  an- 
swers admirably  with  all  objectives  from  a  y^th  to  a  jV^^^- 

It  must  be  borne  in  mind  that  there  are  certain  difficulties  to 
be  overcome  in  this  mode  of  illumination,  the  chief  of  which  ia 
the  reflection  of  the  light  from  the  posterior  surface  of  the  back 
combination  of  the  objective.  All  the  difficulties  are  now  sur- 
mounted, and  there  is  no  trouble  in  viewing  Diatoms,  or  other 
objects,  mounted  dry,  and  uncovered,  with  the  highest  powers 
of  the  microscope,  and  with  abundant  illumination ;  and  this 
without  any  trouble  in  mounting  the  object  on  little  discs  or 
pins,  but  using  the  ordinary  8  in.  by  1  in.  slide. 

As  I  do  not  here  intend  describing  the  instrument  in  detail,  I 
will  only  say  that  it  consists  essentially  of  a  rectangular  brass 
box,  having  the  "  Society  screw  "  at  the  top,  to  attach  it  to  any 
microscope  tube,  and  at  the  bottom,  to  receive  any  objective ; 
and  .so  constructed  that  it  can  be  placed  in  any  position  with  re- 
gard to  the  light    A  brass  draw,  moved  by  screw  and  milled 
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head,  slides  into  tbe  box,  and  carries  a  reflector 
movable  on  its  own  axis  by  means  of  small  mil 
forward  edge  of  the  reflector  is  curved,  and  it  is  c 
a  focus  of  about  six  inches.  By  means  of  the  scr 
edge  of  this  reflector  can,  when  adjusted  at  an  ani 
pushed  more  or  less  over  the  opening  at  the  bad 
tive.  Opposite  to  the  reflector,  and  attached  to  ( 
box,  is  a  revolving  circle  of  diaphragms,  of  great 
ing  the  light,  so  as  to  exclude  all  fog  or  glare ; 
varv  from  fV^hs  to  -^^ih.  of  an  inch. 

Thad  supposed  that  the  idea  of  making  the  ob 
illuminator  was  original,  until  very  recently,  whe 
Dr.  Riddell  had  proposed  to  place  Shadbolt's  annu 
one  of  the  lenses  of  the  objective,  and  to  reflect 
up  by  the  side  of  the  lens,  back  down  through  i 
say  tnat  this  method  is  entirely  impracticable ;  it 
a  very  peculiar  mounting  of  the  objective,  and 
ject,  to  allow  the  rays  to  pass  up  into  the  ring 
again  transmitted  down  through  the  objective, 
allel  rays  would  scarcely  answer,  as  the  working 
objective  is  not  exactly  the  distance  at  which  it  v 
parallel  rays  reflected  through  it.  This,  however, 
edied.  It  is  hardly  desirable  to  receive  the  illumi 
sides.  A  unilateral  light  reveals  the  structure  muc 
I  attempted,  at  first,  to  employ  as  the  reflector,  a  ( 
glass,  or  two  or  three  of  them,  used  as  covers 
objects.  A  very  good  illumination,  without  se 
ence  with  definition,  when  the  glasses  are  clean  an 
may  thus  be  obtained ;  and  the  reflection,  from  th 
face  of  the  objective  lens,  may  be  entirely  remo 
ol*s  prism  over  the  eye-piece;  but  by  an  illumin 
in  this  way  the  field  has  a  peculiar  flatness,  no  sh 
ceived ;  there  is  the  same  diflference  that  one  expei 
ing  the  mountains  and  cavities  in  the  moon  v 
quadrature  and  when  she  is  fully  illuminated, 
found  that  nothing  can  compare  with  the  unilatei 
from  the  silver  reflector  rightly  managed.  A 
attached  to  the  objective,  has,  I  believe,  been  rec 
by  one  of  the  New  York  opticians  as  an  improve 
very  obvious  this  is  far  inferior  to  the  adjustable 
only  answers  for  diflferent  objectives,  but,  from  t 
being  movable,  enables  the  light  to  be  condens< 
perfect  manner  just  where  it  is  wanted,  and,  wit 
touch,  removes  all  fog  and  glare.  I  think  it  will 
pear  that  the  method  I  have  proposed  and  carrie 
in  reality  novel,  and  no  modification  of  Dr.  Ridde 

'  See  thiH  JooTDal,  [2],  xt,  69. 
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stated.  It  would  be  strange  if  tbe  idea  of  a  reflector  bebind 
the  objective  had  not  occurred  to  this  ingenious  and  veteran  mi- 
croscopist ;  but  if  so  he  seems  never  to  have  carried  it  out  in 
practice.  In  the  annual  address  of  the  President  of  the  Micro- 
scopical Society  of  London,  Feb.  11,  1867,  four  years  after  he 
proposed  the  annular  ring,  we  find  the  following:  "This  is  a 
problem,"  the  illumination  of  opaque  objects  under  the  highest 
powers  of  the  microscope,  "  the  solution  of  which  has  been  at- 
tempted by  numerous  adepts  in  manipulation  with  only  very 
partial  success."  He  then  speaks  of  Mr.  Wenham's  method  as 
by  far  the  best  If  then,  Dr.  Riddell,  or  any  one  else,  had  pre- 
viously succeeded  in  accomplishing  so  desirable  an  object,  why 
has  it  been  kept  secret?  It  is  not  the  one  who  may  have  had 
vague  ideas  as  to  the  possibility  of  accomplishing  certain  results 
who  is  to  be  considered  as  the  real  benefactor ;  rather  he  who 
puts  it  in  tangible  shape  before  the  world,  and,  surmounting  the 
difficulties  of  practice,  makes  the  idea  a  reality.  I  make  these 
latter  remarks  because  I  have  heard;  with  some  surprise,  that  it 
has  been  stated,  by  an  optician  of  deserved  celebrity,  in  a  meet- 
ing of  the  Microscopical  Society  of  New  York,  that  the  "  Illu- 
minator," as  constructed  by  Mr.  Wales,  is  only  a  poor  modifica- 
tion of  Dr.  RiddelPs  method. 

As  the  **  Illuminator"  is  already  in  the  hands  of  many,  I  ap- 
pend a  few  simple  directions  as  to  its  use.  The  objective  must 
be  adjusted  for  an  uncovered  object,  though  I  find  few  are 
rightly  marked.  An  ordinary  naper-covered  slide,  with  bits  of 
gold  leaf  on  it,  answers  admiraoly  as  an  object  to  adjust  the 
light  The  Illuminator  being  screwed  on  to  the  tube,  and  the 
circle  of  diaphragms  placed  facing  the  light,  (I  find  the  ordinary 
coal-oil  lamp  with  flat  flame  to  answer  admirably,  the  flat  side 
being  toward  the  reflector),  turn  the  reflector  at  an  angle  of  about 
45°,  and  allow  the  light  to  enter  the  largest  aperture  of  the 
diaphragm.  By  means  of  the  screw,  push  the  renector  forward 
nearly  as  far  as  it  will  go.  Turn  the  reflector  on  the  axis  of  the 
tube,  and  on  its  own  axis,  until  the  light,  which  may  be  placed 
10  or  12  inches  to  the  left  of  the  microscope,  and  directly  oppo- 
site the  circle  of  diaphragms,  is  reflected  down  on  the  paper-cov- 
ered slide,  the  tube  of  the  microscope  being  racked  up  to  about 
the  position  it  will  occupy  when  the  objective  is  screwed  on  and 
in  focus.  The  light  thus  reflected  down,  should  appear  just  at 
the  curved  edge  of  the  reflector,  in  the  axis  of  the  tube,  when 
looking  through  the  tube,  the  eye-piece  being  removed.  Now 
screw  on  the  objective,  and  before  replacing  the  eye-piece  bring 
it  into  focus.  The  field  will  appear  brilliantly  illuminated,  as  in 
using  a  lens  with  a  lieberkuhn ;  if  not,  a  slight  movement  of 
the  reflector,  or  diaphragm,  or  light,  will  quickly  accomplish 
this.    Put  in  the  eye-piece  and  adjust  for  focus;  if  the  field  is 
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not  clearly  illuminated,  say  with  i  in.  objective,  a  little  fingering 
of  the  reflector,  or  diaphragm,  will  suffice  to  effect  this.  The 
screw  which  moves  the  draw  and  reflector  may  now  be  with- 
drawn, uncovering  all  but  about  a  quarter  or  one  half  of  one 
side  of  the  posterior  lens  of  the  objective ;  and,  if  care  has 
been  taken  to  properly  adjust  the  diaphragm  and  reflector,  a 
most  brilliantly  illumiuated  field,  free  from  all  fog  and  glare, 
will  reveal  objects  with  a  beauty  and  clearness  inconceivable  by 
those  who  have  never  used  high  powers  of  the  microscope  upon 
opaque  objects.  The  most  common  objects  appear  with  new 
and  hitherto  unsuspected  beauty,  brilliant  not  only  with  their 
own  proper  colors,  out  reflecting  iridescent  tints  from  the  thin 
membranes. 

The  diatoms  are  especially  beautiful,  and  no  one  can  view, 
without  a  sense  of  profound  reverence  and  unspeakable  emotion, 
the  elegant  structure  of  Arachnoid iscus  and  Heliopelta;  of  Sur- 
irella  or  Pinnularia. 

In  thus  accomplishing  the  illumination  of  opaque  objects  un- 
der the  highest  powers  of  the  microscope,  a  powerful  aid  to  in- 
vestigation is  furnished,  which,  I  doubt  not,  will  be  rightly  ap- 
preciated. 

An  inexperienced  microscopist  may  find  some  difficulty  at 
first,  but  a  few  trials  will  ensure  success,  and  when  properly 
used,  there  is  no  want  of  light  with  the  Vjth  or  j^jih.  even  with 
the  B  or  0  eye-piece. 


Akt.  XXV. — On  a  new  Orowing  Slide  for  ike  Microscope;  by 
H.  L.  Smith,  Kenyon  College. 

In  studying  the  growth  and  conjugation  of  the  Diatomacese,  I 
have  felt  the  want  of  some  means  of  keeping  them  alive  for  a 
long  time  under  the  microscope;  and  have  devised  for  this  pur- 
pose, the  slide  to  be  described,  which  appears  fully  to  meet  all 
requisitions;  and,  as  it  can  be  readily  made  by  any  tolerably 
expert  microscopist,  it  will,  I  am  certain,  be  considered  a  valu- 
able addition  to  microscopical  apparatus. 

The  whole  slide,  as  I  have  constructed  it,  is  a  trifle  more  than 
j^th  of  an  inch  in  thickness.  It  consists  of  two  rectangular  glass 
plates  8x2  in.,  and  about  ^'j  in.  thick,  separated  by  thin  strips 
of  glass  of  the  same  thickness,  cemented  to  the  interior  opposed 
faces,  as  shown  in  the  figure. 

This  closed  cell,  ultimately  destined  to  be  filled  with  water,  is 
not  of  such  thickness  as  to  prevent  the  use  of  the  achromatic 
condenser,  a  very  important  requisite.    The  glass  I  use  is  such 
Am.  Joub.  6ci.--Sbcoxd  Sbsixs,  Vol.  XL,  No.  119.— Sbft.,  1865. 
31 
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as  is  employed  for  the  small  cheap  looking  glasses,  and  easily 
obtained. 

The  upper  plate  has  a  small  hole, 

a,  drilled  through  it.  This  is  ef- 
fected by  means  of  the  ordinary 
writing  diamond,  and  the  sharp 
edge  of  a  broken  steel  brooch  or 
small  rat-tail  file.  A  hole  can  be 
drilled  through  glass  of  this  thick- 
ness in  a  few  minutes.  One  cor- 
ner of  the  upper  glass  is  removed, 
as  at  i,  and  a  small  strip  of  glass 
cemented  at  c  serves  to  prevent  the  thin  glass  cover  placed  over 
the  object  from  sliding.  Another  strip  of  glass  is  cemented  on 
the  lower  side  of  the  cell  at  c?,  but  not  extending  as  far  as  the 
removed  part  at  6.  The  object  of  this  is  to  prevent  the  water 
in  the  cell  from  being  removed  by  capillary  attraction,  in  case 
the  slide  in  the  neighborhood  of  b  snould  be  a  little  wettei 
This  strip  is  not,  however,  absolutely  necessary. 

To  use  the  slide,  fill  the  space  between  the  two  plates  with  clean 
water,  introduced  at  6,  by  means  of  a  pipette,  and  also  place  a 
drop  on  a  to  remOve  the  air.  The  object  being  put  on  the  top 
of  the  slide  and  wetted  is  now  to  be  covered  with  a  large  square 
of  thin  glass,  e,  at  the  same  time  covering  the  hole  a.  The 
slide  can  now  be  placed  upright,  or  in  any  position  no  water 
can  escape.  It  is,  in  fact,  only  a  new  application  of  the  old 
principle  of  the  bird-fountain.  As  the  water  evaporates  from 
under  the  cover  more  is  supplied  through  the  hole  a,  and  from 
time  to  time  an  air  bubble  enters  at  b ;  thus,  a  constant  circula- 
tion is  maintained.  A  cell  of  the  size  named  will  need  replen- 
ishing only  about  once  in  three  days,  and  this  is  readily  effected 
without  disturbing  the  object  I  have  been  enabled  to  make 
observations  by  means  of  this  slide,  which  it  would  have  been 
very  difficult,  if  not  impossible,  to  have  made  without  it. 

I  had  intended  to  have  reserved  the  description  of  this  and 
some  other  microscopic  apparatus  until  I  had  completed  my  in- 
vestigations upon  the  growth  of  the  Diatoms,  in  order  to  publish 
all  together ;  but  new  and  unexpected  developments  will  so  delay 
this  publication,  that  I  have  deemed  it  best  to  describe  the  slide 
at  once,  that  others  might  have  the  benefit  of  it  as  well  as 
myself. 

Note, — I  consider  it  an  act  of  justice  to  a  young  artist,  to  men- 
tion the  very  remarkable  performance  of  a  jV^^  objective  lately 
received  from  Mr.  Wales.*    This  objective  is  furnished  with  two   < 
backs,  one  for  direct,  the  other  for  oblique  liffht.     This  mode  of 
correction,  which  arose  from  some  correspondence  between  Mr. 

*  The  iiddress  U  W.  Wales  <b  Co »  Port  Lee,  Bergeo  Co.,  New  Jersey. 
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Wales  and  myself,  appears  to  be  more  effective  than  that  of  a 
double  front,  as  adopted  by  Mr.  Tolles.  The  glass  in  question 
has  a  mean  aperture  of  115°  with  the  direct  light  back,  and  of 
120°  with  the  oblique.  The  definition  with  the  former,  upon 
Diatoms  and  Confervae,  is  truly  magnificent;  and  upon  the  pre- 
pared Diatoms  it  is  far  superior  to  a  fine  Smith  &  Beck  Jth,  not 
only  with  direct,  but  with  oblique  light.  With  the  oblique  back 
the  definition  is  equally  fine  when  using  direct  light,  but  the  ob- 
jective being  now  a  little  under-corrected  it  is  not  as  pleasant. 
With  oblique  light,  however,  especially  very  oblique  light,  it  is 
amazingly  sharp  and  clear  and  most  beautifully  corrected. 
Thus,  I  have  no  difficulty  in  resolving  with  it  the  Hyalodis- 
cus  Californicus,  of  Bailey,  or  Grammatophora  subtilissima,  of 
Greenport,  as  well  as  the  delicate  Cuban  Amphipleura,  now  well 
known  to  many  American  microscopists,  through  specimens  dis- 
tributed by  Mr.  W.  Sdlivant  and  myself,  and  which  I  have 
never  been  able  to  resolve  with  any  English  objective  under 
an  }th.  The  working  distance  of  this  objective  is  more  than  ^'jth 
of  an  inch  I 

The  resolutions  above  named  were  eflfected  by  the  concave 
mirror  of  the  microscope-stand,  and  not  by  any  special  contriv- 
ances for  oblique  illumination.  It  is,  however,  for  their  beauti- 
ful performance  with  direct  light,  I  most  value  Mr.  Wales's  ob- 
jectives. I  have  a  }th,  which,  on  Podura,  excels  anything  I 
have  yet  seen  of  like  power  in  exquisite  definition,  fioth  this 
and  the  y^^th  objective  bear  the  highest  eye-pieces  without  loss 
of  definition  or  want  of  light.  I  need  hardly  say  that  a  y*ffth 
which  thus  defines  and  resolves  objects,  considered  as  fair  tests 
for  an  |th  but  a  year  or  two  ago,  is  a  wonderful  specimen  of 
optical  skill. 


Art.  XXVI. — On  the  Projection,  of  the  Spectra  of  the  Metals;  by 
Prof.  JosiAH  P.  CooKE,  Jr. 

Spectrum  analysis  has  become,  in  all  its  bearings,  a  subject 
of  so  much  importance  both  in  chemistry  and  physics,  that  a  sim- 
ple and  efficient  method  of  exhibiting  the  phenomena  to  an  audi- 
ence is  an  important  need  to  all  teachers  of  physical  science. 
Having  tried  several  plans  without  obtaining  the  definiteness 
or  brilliancy  required,  I  finally  devised  the  following,  which 
has  been  completely  successful.  By  placing  my  lantern  at  the 
distance  of  from  50  to  60  feet  from  the  curtain,  I  obtain  a  spec- 
trum from  20  to  25  feet  in  length  and  about  18  inches  in  breadth, 
with  all  the  brilliancy  that  can  be  desired  and  without  any  dif- 
fused light,  which  greatly  impairs  the  beauty  and  distinctness  of 
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the  phenomena  as  they  have  been  hitherto  exhibited.  My  ap- 
paratus may  be  best  described  under  three  heads:  First,  the 
olectric  regulator;  secondly,  the  lantern  with  the  adjustable  slit 
and  lenses ;  and,  lastly,  the  prisms  for  dispersing  the  light. 

The  light  is  obtained  by  means  of  a  powerful  galvanic  bat- 
tery. I  have  found  that  fifty  Bunsen  cells  of  medium  size 
(about  7  inches  high)  were  quite  sufficient.  The  metal  whose 
spectrum  is  required,  is  volatilized  in  the  voltaic  arc  and  almost 


any  of  the  numerous  electric  regulators  may  be  used  for  the  ex- 
periment. I  used  for  a  long  time  a  Deleuil  regulator,  and  in 
fig.  1  a  section  is  shown  of  this  regulator  in  connection  with  the 
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rest  of  the  apparatus.  I  now  use,  however,  a  re 
adapted  to  the  purpose,  made  by  J.  Duboscq,  o 
negative  pole,  which  is  the  lowest,  is  formed  of  ai 
of  hard  coke,  having  a  small  cavity  at  the  top  1 
metal.  The  positive  pole  is  formed  of  a  coke  pei 
used  in  nK)st  electric  lamps.  The  poles  are  so  arrai 
can  be  raised  or  lowered  at  will,  and  the  milled 
regulate  the  motion,  are  placed  for  convenience  i 
the  instrument  The  coke  cylinder  forming  the  n 
fastened  to  the  rim  of  a  circular  brass  disk,  which 
four  other  similar  cylinders.  So  that,  by  turning 
after  the  other  may  be  brought  under  the  positive 
ferent  metals  volatilized  in  the  voltaic  arc  withe 
justment. 

The  electric  regulator  is  placed  within  a  da: 
shown  in  fig.  1,  resting  on  a  movable  platform, 
moved  backward  or  forward  by  the  screw  B.  ' 
made  of  wood  like  a  square  box,  see  figs.  1,  ! 
doors  on  two  opposite  sides  as  large  as  the  bo: 
The  upper  part  of  each  door  is  made  of  wood 
hinges  m  the  usual  way;  but  from  this  is  susp 
cloth  curtain,  which,  while  covering  the  lower  pa 
way,  enables  the  experimenter  to  adjust  the  poles 
ing  the  lantern.  Tne  wooden  doors,  moreover,  a 
very  deeply  colored  glass  in  double  plates  of  1 
through  which  the  experimenter  can  see  the  carb 
ignited  by  the  galvanic  current. 

The  electric  regulator  is  placed  in  the  lantern  g 
bon  poles  shall  be  directly  behind  and  within  half 
adjustable  slit,  which  should  be  about  half  an  inch 
to  jth  of  an  inch  wide.  This  slit  forms  a  part  < 
which  slides  on  one  end  of  a  brass  tube,  while 
end  is  screwed  a  camera  tube  such  as  is  used  by 
for  taking  portraits.  The  lenses  of  the  combinati( 
are  three  inches  in  diameter,  and  the  focal  lengi 
inches.  This  size  cannot  be  advantageously  exc< 
shorter  the  focal  length  of  the  combination  the  be 
is  placed  at  the  focus  of  the  combination,  and  the 
lenses  with  reference  to  the  slit  is  adjusted  by  mea 
and  pinion  usually  attached  to  camera  tubes.  1 
with  the  slit  and  lenses  just  described  is  fastened  t 
which  slips  into  a  movable  wooden  frame  on  th 
lantern,  (see  fig.  2),  a  portion  of  the  tube  with  t 
ing  into  the  box,  as  shown  in  fig.  1.  The  objec 
able  frame  is  to  adjust  rapidly  the  position  of  th 
erence  to  the  voltaic  arc,  so  as  to  keep  the  slit 
front  of  the  luminous  flame,  which,  as  is  well  ki 


Digitized  by  VjOOQ IC 


246  /.  P.  Cooke  on  the  projection  of  Spectra. 

position  from  one  side  to  the  other  of  the  carbon  poles  in  a  most 
irregular  manner.  The  means  of  adjustment  just  referred  to  are 
shown  in  fig.  2. 

The  frame  F  is  connected  by  iron  bars  with  a  pivot  which 
turns  in  the  wooden  block  G.  Moreover,  to  the  top  of  the 
frame  there  is  attached  a  fiat  iron  bar,  which  ends  in  the  handle 
D,  a  stout  steel  spring  attached  to  the  front  of  the  box  serving 
to  keep  the  bar  in  place  although  permitting  a  slight  lateral 
motion.  Bj  moving  then  the  handle  D  the  slit  with  the  lenses 
may  be  moved  to  one  side  or  the  other,  as  the  position  of  the 
flame  may  require.  Finally,  the  bar  G  slides  between  two 
grooved  wooden  bars,  and  may  be  moved  by  the  screw  E.  Thus 
the  frame  may  be  raised  or  lowered,  and  the  slit  kept  constantly 
midway  between  the  carbon  poles. 

It  remains  now  to  describe  the  prisms,  by  which  the  light  is 
dispersed.  I  use  for  the  purpose  two  lai^e  sulphid  of  carbon 
prisms  having  a  refractory  angle  of  60^.  They  were  made  from 
a  large  and  thick  glass  tube  three  inches  in  diameter,  with  faces 
of  ordinary  plate  glass  cemented  to  the  cells  with  a  mixture  of 
glue  and  molasses.  They  are  securely  fastened  in  a  wooden  box, 
which  is  made  of  such  a  shape  that  when  the  light  passes  at  the 
angle  of  least  deviation  the  rays  will  enter  the  box  perpendicu- 
lar to  one  side,  and  will  leave  it  perpendicular  to  another.  The 
box  is  closed  except  at  the  two  ends,  in  which  circular  apertures 
are  made  three  inches  in  diameter,  and  these  can  be  closed  with 
•covers  when  the  prisms  are  not  in  use.  A  section  of  the  box 
and  prisms  is  shown  at  C,  fig.  1.  It  is  here  drawn  on  the  same 
plane  as  the  section  of  the  lantern,  but  when  in  use  it  is  at  right 
angles  to  this  plane. 

Having  a  knowledge  of  the  various  parts  of  the  apparatus,  the 
method  of  using  it  can  be  readily  understood.  The  lantern  hav- 
ing been  placed  on  an  elevating  stand  with  a  revolving  table'  at 
a  distance  of  50  or  60  feet  from  a  curtain  or  white  wall,  the 
prism  box  is  placed  at  one  side  on  a  similar  table,  and  adjusted 
so  that,  while  the  axis  of  one  of  the  circular  openings  is  per- 
pendicular, or  nearly  so,  to  the  screen,  the  axis  of  the  other 
opening  will  coincide  with  the  axis  of  the  lenses  when  the  lan- 
tern is  turned  on  the  revolving  table  through  the  required 
angle;  see  fig.  1.  The  lantern  being  now  directed  to  the 
screen,  the  electric  regulator  having  been  adjusted  so  that  the 
point  of  contact  of  the  carbon  poles  is  in  the  axis  of  the  lenses 
and  about  two  inches  behind  the  slit,  and  the  galvanic  circuit 
having  been  closed  so  as  to  produce  the  electric  light,  the  focal 
distance  of  the  lenses  is  so  adjusted  as  to  form  a  distinct  image 
of  the  slit  on  the  screen.    We  then  turn  the  lantern  on  the  re- 

*  The  stands  used  bj  photographers  are  well  adapted  for  the  purpose. 
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volving  table  so  that  the  light  shall  pass  throagh  the  prism,  and 
we  have  at  once  the  projection  of  the  spectrum  in  all  its  beauty 
over  20  feet  in  length  and  18  inches  or  more  in  breadth.  Ix) 
produce  now  the  spectrum  of  a  metal  we  first  separate  the 

Eoles,  and  then  bring  them,  hj  the  aid  of  the  screw  B,  within 
alf  an  inch  of  the  slit.  Having  now  placed  a  small  piece  of 
the  metal  selected  for  the  experiment  in  the  cavity  of  tne  coke- 
cylinder,  we  aeain  bring  the  poles  in  contact  and  slowly  sepa* 
rate  them  as  the  heat  increases,  until  the  light  emitted  by  the 
ignited  carbon  is  wholly  intercepted  by  the  edges  of  the  slit  and 
the  lenses  are  illuminated  only  by  the  ignited  vapor  between  the 
poles.  We  then  have  the  spectrum  of  the  metal,  which  con- 
tinues in  perfect  purity  so  long  as  the  space  between  the  poles 
remains  filled  with  the  metallic  vapor.  When,  however,  the 
supply  diminishes,  either  in  consequence  of  the  consumption  of 
the  metal,  or  on  account  of  the  failing  strength  of  the  battery, 
the  bright  bands,  which  distinguish  the  elements  of  the  air,  will 
appear  at  the  same  time  with  those  of  the  metal.  The  metals 
which  I  have  found  best  adapted  to  these  experiments,  are  cop- 
per, zinc,  brass  (which  gives  the  bands  of  copper  and  zinc  to- 
gether), mercury,  thalium,  sodium,  lithium,  potassium,  cadmi- 
um, antimony,  lead,  gold  and  silver ;  and  of  these  the  first  seven 
give  the  most  characteristic  and  brilliant  results.  I  use  them  all 
in  the  metallic  state  with  the  exception  of  lithium,  which  I  use 
as  carbonate,  moistening  the  salt  before  placing  it  on  the  pole. 
It  is  important  to  have  a  separate  coke  cylinder  for  each  metal, 
as  otherwise,  unless  the  cavitv  is  most  carefully  cleaned  out  be- 
tween the  experiments — and  for  this  there  generally  is  no  time — 
the  spectra  will  be  confused  by  the  reappearance  of  the  bands  of 
the  metals  previously  used. 

These  experiments  can  be  varied  by  projecting  on  the  screen 
the  image  of  the  carbon  poles  with  the  stream  of  dowing  vapor 
between  them,  and  thus  showing  the  color  of  the  light  before  it 
is  decomposed ;  and  for  this  purpose  it  is  only  necessary  to  direct 
the  lenses  to  the  screen,  and,  having  removed  the  orass  cap, 
which  carries  the  slit,  to  readjust  the  focal  distance  of  the 
lenses. 

The  reversal  of  the  sodium  band  can  also  be  readily  shown. 
For  this  purpose  we  arrange  the  apparatus  so  as  to  produce  a 
continuous  spectrum,  as  first  described.  We  then  interpose  be- 
tween the  poles  and  the  slit  the  flame  of  a  Bunsen  lamp,  and -in 
this  flame  we  insert  a  small  spoon  containing  metallic  sodium. 
A  dark  line  soon  appears  crossing  the  yellow  portion  of  the 
spectrum  in  the  position  of  the  sodium  band.  It  is  convenient 
to  have  a  small  shelf  in  the  box,  to  support  the  lamp,  so  hung 
on  hinges  that  it  will  drop  out  of  the  way  when  its  support  is 
removed 


Digitized  by  VjOOQ IC 


248    /.  L.  Smith  on  the  use  of  Bisulphate  of  Soda  in  analysis. 

Again,  the  formation  of  dark  lines  crossing  the  spectrum, 
similar  in  appearance  to  the  solar  lines,  can  be  shown  by  inter- 
posing between  the  lenses  and  the  prism  a  vessel  with  parallel 
glass'sides  containing  hyponitric  acid  or  iodine  vapor.  Such  a 
vessel  is  easily  made  from  a  piece  of  glass  tubing — three  inches 
in  diameter  and  four  inches  long — by  cementing  plates  of  glass 
to  the  open  ends  and  drilling  a  hole  through  the  sides,  into 
which  a  glass  stopper  may  be  fitted. 

Finally  the  apparatus  may  be  with  a  little  additional  expense 
so  constructed  that  it  can  also  be  used  for  projecting  photographic 
transparencies  after  the  principle  of  the  magic  lantern.  Small 
photographs  on  glass  may  thus  be  used  in  place  of  diagrams  and 
the  great  geological  features  of  our  globe,  the  glaciers  for  exam- 
ple, may  in  this  way  be  brought  before  the  eyes  of  an  audience 
with  almost  all  the  vividness  of  the  realitv.  The  same  method 
of  illustration  will  be  found  of  great  value  in  teaching  other 
sciences.  For  instance,  the  best  way  of  giving  an  idea  of  the 
dark  lines  of  the  solar  spectrum  is  to  take  a  photograph  of  the 
more  refrangible  portion  and  project  the  image  on  the  walL 
Such  photographic  transparencies  are  easily  made;  but  as  few 
teachers  have  the  means  or  time  for  such  work,  it  would  be  well 
if  some  professional  photographer  would  turn  his  attention  to 
this  department  of  his  art.  If  the  instrument  here  described  is 
to  be  used  as  a  magic  lantern  it  is  necessary  to  have,  besides  the 
regulator  above  described,  a  second  adapted  for  giving  continuous 
light.  We  have  used  for  some  time  the  regulator  now  made  by 
J.  Duboscq  of  Paris,  after  the  plan  of  Foucault,  and  we  find  that 
it  works  very  well. 

Most  of  the  apparatus  here  described  is  so  simple  that  it  can 
be  made  by  any  sood  mechanic  and  for  this  reason  we  have  en- 
tered into  more  detail  than  would  otherwise  be  necessary.  The 
lenses  and  other  accessories  must  of  course  be  purchased.  The 
apparatus  can  also  be  ordered  from  E.  S.  Bitchie  &  C!o.  of  Boston. 

Cambridge,  August  Stb,  1866. 


Art.  XXVII. — On  the  use  of  the  Bisulphate  of  Soda  as  a  substitute 
for  the  Bisulphate  of  Potash  in  tlie  decomposition  of  minerals^ 
especially  the  Aluminous  minerals;  by  J.  Lawrence  Smith, 
Professor  of  Chem.,  University  of  Louisville. 

In  referring  to  the  more  recent  works  on  analytical  chemistry, 
I  perceive  that  the  bisulphate  of  potash  is  still  used  to  the  al- 
most uttbr  exclusion  of  bisulphate  of  soda  in  rendering  certain 
minerals  M9oluble;   and  it  is  still  recommended  as  the  proper 
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agent  to  fuse  with  aluminoos  minerals,    as  cor 
ery,  &c. 

This  subject  occupied  my  attention  to  a  conside 
when  engaged  in  the  preparation  of  two  memoirs  or 
and  mineralogy  of  emery  presented  to  the  French 
Science  in  1850/  as  well  as  in  some  investigation! 
making  on  the  emery  from  Chester,  Mass.  In  tl 
searches  I  bad  a  large  number  of  oorundums  and  ei 
alyze.  The  powdered  minerals  were  fused  with  the  1 
potash  in  the  usual  way,  and  I  found  no  difficulty  i 
mg  the  minerals;  but  unfortunately  during  the 
double  salt  of  potash  and  alumina  is  formed  which 
soluble  in  water,  or  in  the  acids ;  and  it  is  only  by 

?otash  that  it  is  first  decomposed  and  aflerward 
'here  are  many  disadvantages  and  delays  attenda 
method,  which  experience  soon  exhibits — as  the  co 
sition  of  alum  if  the  solution  is  not  kept  quite  dilute 
experimented  with  the  bisulphate  of  soda,  knowi 
double  salt  of  &lumina  and  soda  was  quite  soluble 
suits  were  everything  that  could  be  desired ;  for  wl 
salt  gives  a  decomposition  at  least  as  complete  as  th( 
the  melted  mass  is  very  soluble  in  water,  and  in  th< 
rations  of  the  analyses  there  is  no  embarrassment  fr 
of  alum.  The  manner  of  employing  the  bisulphate  o 
analysis  of  emery  will  be  referred  to  in  a  mture  a 
emery  of  Chester,  Mass. 

Preparation  of  the  Bisulphate  of  Soda. — The  or 
mercial  article  is  not  sufficiently  pure  for  use,  and 
from  pure  carbonate  of  soda  or  sulphate  of  soda  tl 
purified  by  recrystallization.  In  either  instance  pu 
acid  is  added  in  excess  to  the  salt  in  a  large  platin 
and  heated  over  a  fiame  until  the  melted  mass,  wh 
on  the  end  of  a  glass  rod,  solidifies  quite  firmly, 
then  allowed  to  cool ;  moving  it  over  the  sides  of 
will  facilitate  this  operation.  When  cool  it  is  read 
from  the  capsule,  is  then  broken  up  and  put  into  i 
pered  bottle.  So  far  as  my  experience  has  yet  gon 
every  instance  where  we  have  been  in  the  habit  of 
phate  of  potash,  the  bisulphate  of  soda  can  be  subsl 

'  See  this  Journal,  vol  x,  1860,  and  toI.  zi,  1861. 
Ah.  Joub.  Sol— Sboond  SkRiss,  Voi..  XL,  No.  119.~Ssft.,  186 
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Art.  XXVm. — AUitudes  of  Shooting  Stare  cbeerved  on  the  night 
of  Nov.  18-14rt,  1868,  at  Washington,  Haverford  CoUege,  Ger- 
maniown,  Philadelphia,  and  other  places.  Computed  by  H.  A. 
Newton. 


A  BRIEF  notice  of  observations  made  upon  shooting  stars  on 
the  night  of  Nov.  13-14th,  18&3,  was  given  in  this  Journal,  [2J 
XXX vii,  141^145.  A  collation  of  the  data  thus  accumulated 
shows  that  seventy-eight  meteors  were  observed  at  two  or  more 
places  so  that  we  can  compute  with  more  or  less  accuracy  their 
paths.  The  following  table  gives  the  altitudes  above  the  earth's 
surface  in  statute  miles  (one  mile  =1609  meters)  of  the  meteors 
at  their  first  appearance,  and  at  their  disappearance.  In  the 
second  column  is  the  hour  of  the  day,  and  in  the  fifth  column 
are  numbers  designed  to  express  the  measure  of  confidence 
which  I  have  in  the  determinations  of  the  altitudes  of  the  mid- 
dle points  of  the  paths.  These  numbers  range  from  1  to  10, 
and  aepend  upon  the  probable  accuracy  of  the  observations  and 
the  positions  of  the  paths  with  respect  to  the  observers. 

More  than  half  of  these  altitudes  were  computed  from  obser- 
vations made  by  the  assistants  in  the  United  States  Naval  Ob- 
servatory at  Washinaton,  and  by  a  party  under  the  charge  of 
Prof.  Gumraere  at  Haverford  College  near  Philadelphia.  Fre- 
quent use  has  been  made,  however,  of  observations  at  Washing- 
ton by  the  party  from  the  Coast  Survey  Office  under  charge  of 
Mr.  &5hott,  of  those  at  Germantown  bv  Mr.  Marsh,  at  Phila- 
delphia by  Mr.  Vail,  at  West  Town,  Pa.,  by  Mr.  Hoopes,  and  else- 
where by  other  persons.  The  Connecticut  Academy  of  Arts 
and  Sciences,  at  whose  instance  the  observations  were  made,  in- 
tend to  publish  them  in  detail.  It  has  been  thought  best  how- 
ever to  publish  this  table  in  advance  in  order  that  the  informa- 
tion which  it  contains  may  be  in  the  possession  of  those  who 
desire  to  observe  the  meteors  on  the  return  of  the  anniversary, 
the  morning  of  Nov.  14th  prox.  There  were  on  that  morning 
in  1868  more  shooting  stars  than  usual,  and  there  was  a  decided 
radiation  from  the  sickle  in  Leo.  We  have  some  reason  to 
expect  a  still  greater  increase  this  year. 

For  several  numbers  of  the  table  the  altitudes  are  not  given. 
The  observations  were  not  in  those  cases  entirely  reliable,  and 
only  the  altitudes  of  the  middle  points  of  the  visible  paths  were 
computed.    They  were  as  follows : 


No.  10  mid.  alt.  143  miles,  w't  8 

u    13        u  113     u  »»    1 

u    14         u            69     **  "   - 

"19         *«             72     **  "8 

ic    30         «(              i;2     "  "    8 


No.  87  mid.  alt   50  miles,  w't  1 

**    61         "         87     "  •*    - 

**    68         *♦          64    **  *•    6 

"    61         "        136     "  "2 
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Table  of  altitvdeM  {in  »latut$  miiei)  of  thooiing  $iari  oburved  at  W<uh%ngt<m, 
Haverford,  drc,  on  the  ntgkt  of  Nov.  18-14M,  1868. 
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Hoar. 
9-2 

Ittalt 

2d  alt 

Weight 

Na 

Hoar. 

111  alu 

2d  tit 

Weight 

1 

57 

49 

40 

140 

61 

48 

8 

2 

9-4 

65 

80 

41 

14-2 

91 

60 

8 

10-8 

86 

86 

42 

14-8 

94 

64 

4 

12-0 

98 

46 

48 

14-4 

87 

20 

6 

120 

79 

68 

44 

14-4 

208 

126 

6 

120 

87 

78 

45 

14*5 

114 

80 

7 

12-2 

121 

97 

46 

14-6 

98 

45 

8 

12-8 

86 

78 

47 

14-5 

118 

67 

9 

12-5 

104 

62 

48 

14-6 

200 

180 

10 

12-5 

49 

14-8 

57 

28 

11 

12-5 

145 

no 

50 

14-8 

156 

90 

12 

12-6 

85 

20 

51 

14-9 

18 

12-7 

52 

U'9 

49 

87 

U 

12-7 

58 

14*9 

184 

115 

15 

12-8 

109 

82 

54 

150 

141 

98 

16 

12-9 

151 

118 

55 

151 

112 

72 

10 

17 

12-9 

102 

70 

56 

161 

90 

48 

18 

18-0 

88 

58 

57 

161 

50 

23 

19 

*  180 

58 

151 

20 

18-0 

51 

40 

69 

16-2 

105 

49 

21 

180 

118 

88 

60 

15-2 

71 

47 

10 

22 

18-0 

98 

«0 

61 

15-2 

28 

181 

Hi 

110 

^2 

16-3 

79 

41 

24 

18-2 

121 

58 

68 

16-8 

188 

110 

25 

18-4 

96 

58 

64 

15*8 

82 

55 

26 

18-5 

«0 

72 

65 

15*8 

112 

82 

27 

iii-5 

94 

66 

4J6 

16-4 

94 

89 

28 

18-5 

102 

62 

67 

16-4 

99 

69 

10 

29 

18-6 

186 

80 

68 

15*5 

101 

50 

10 

80 

18-6 

69 

L5-5 

90 

66 

81 

18^ 

75 

48 

70 

15*5 

79 

51 

82 

18-7 

59 

45 

71 

16-7 

92 

52 

88 

18-8 

88 

47 

72 

15-8 

174 

68 

84 

18-8 

90 

62 

78 

15-8 

106 

61 

35 

13-8 

104 

64 

74 

160 

104 

66 

86 

18-8 

68 

^2 

75 

160 

106 

50 

87 

18-9 

76 

161 

120 

72 

88 

18*9 

92 

45 

iO 

77 

16-2 

79 

66 

89 

14-0 

72 

50 

2 

78 

16-4 

80 

42 

If  the  several  altitudes  in  the  third  column  of  the  table  be 
multiplied  by  the  correapondmg  weights^  and  the  sum  of  the  pro- 
ducts be  divided  by  the  sum  of  the  multipliers,  we  have  the 
mean  altitude  of  tha  shooting  stars  at  first  appearance,  that  is, 
96*2  miles,  or  154*9  kilometera.  In  like  manner  we  find  for  the 
mean  altitude  at  extinction  60-8  miles,  or  97-8  kilometers. 
The  mean  therefore  for  the  middle  points  is  78*5  miles,  or  126*4 
kilometers.    The  nine  special  cases  give  about  the  same  result. 

If  the  altitudes  be  taken  in  seven  groups,  the  several  means 
for  the  middle  points  will  be  81*1,  824,  734,  74*9,  80  9,  78-0, 
and  792  miles.  These  numbers  indicate  that  there  is  no  essen- 
tial difference  of  altitude  for  different  hours  of  the  nigj^t 
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The  altitudes  given  in  the  table  are  represented  to  the  eye  ia 
the  first  division  of  the  diagram  on  p.  258,  by  a  method  first 
employed,  I  believe,  by  Mr.  A.  S.  Herschel.  The  distances  of 
the  two  extremities  of  each  line  from  the  base  line,  AB,  repre- 
sent respectively  the  altitudes  above  the  earth's  surface  of  the 
corresponding  shooting  star  at  its  appearance  and  disappear- 
ance. The  length  of  the  line  represents  therefore  the  amount  of 
descent,  not  the  length  of  the  path.  The  dotted  lines  stand  for 
those  meteors  of  which  the  heights  of  only  the  middle  points 
are  computed.  At  the  end  of  this  division  of  the  diagram  is  a 
heavy  line  that  represents  the  mean  of  all  the  paths  as  computed 
above. 

In  the  second  division  of  the  diagram  is  given  in  like  manner 
a  representation  of  the  paths  of  89  meteors  observed  at  New 
Haven,  Hartford,  WiUiamstown,  Wolcottville,  Albany,  &c^ 
on  the  night  of  Aug.  10-llth,  1868,  (this  Journal,  [2]  xxxvi, 
808).  The  last  heavv  mark  represents  the  mean.  The  mean  of 
the  first  altitudes  is  o9'9  miles,  or  112*4  kil.,  and  that  of  the 
last  altitudes  is  560  miles,  or  901  kil.,  that  of  the  middle  point 
62 '9  miles.  The  computations  of  the  observations  made  at  that 
time  are  incomplete.  The  results  thus  far  obtained,  and  here 
represented,  agree  well  with  previous  determinations.  Thus 
the  mean  altitude  of  the  middle  points  of  meteor  paths  deduced 
from  the  table  in  this  Journal  [2],  xxxviii,  186,  is  found  to 
be  not  quite  60  miles,  (this  Journal  [2],  xxxix,  194).  Mr, 
A.  S.  Herschel  from  the  same  table,  and  from  observations  since 
published,  finds  a  mean  altitude  for  appearance  78  miles,  for 
disappearance  52  miles,  (Ast  Soc.  Notices,  March  10th,  1865). 
The  large  majority  of  the  paths  from  which  these  results  are 
obtained  belong  to  August  meteors. 

It  appears,  then,  that  the  region  in  which  the  November  me- 
teors appear  and  disappear,  is  15  or  20  miles  higher  than  the 
corresponding  region  for  the  August  meteors.  If  the  decrease 
of  density  of  the  atmosphere  at  this  elevation  follows  the  same 
law  as  near  the  earth's  surface,  the  air  in  the  latter  region  is 
fortv  or  fifty  times  as  dense  as  in  the  former. 

The  most  plausible  explanation  of  this  remarkable  fact  is,  that 
the  two  groups  of  bodies  difler  in  their  chemical  and  mechanical 
constitution ;  the  November  group  being  more  inflammable  thaa 
that  of  August. 

It  is  altogether  unlikely  that  any  of  the  meteors  became  visi- 
ble at  a  greater  altitude  than  125  or  150  miles.  The  facility  for 
error  in  observing  is  very  considerable.  It  seems  impossible 
however  to  explain  in  this  way  the  large  diflerence  between  the 
means  of  the  computed  altitudes  of  the  two  groups. 
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Art.  XXIX. — Remarks  on  Oravitation^  and  its  relation  to  a  sup- 
posed  Universal  Force  ;  by  Henby  F.  Wallino. 

The  determination  of  the  co-relation  between  gravity  and  the 
other  known  physical  forces  has  been  the  object  of  numerous 
delicate  experiments  and  investigation^  by  many  eminent  phys- 
icists, bat  this  object  has  not  yet  been  attained.  There  is  be- 
sides an  apparent  conflict  between  the  law  of  conservation  of 
forces  and  the  inherent  attraction  theory  of  gravitation. 

It  has  occurred  to  me  that  the  latter  diflSculty  may  be  over- 
come by  the  simple  supposition  of  a  primary  universal  force, 
with  which  the  co-relation  of  the  other  forces  may  hereafter  be 
established. 

This  universal  force  may  be  supposed  to  fill  all  spmce,  either 
associated  with  the  universal  ether,  or  independent,  and  to  be 
exerted  along  every  possible  line  in  both  of  its  directions,  form- 
ing rays  of  force  passing  through  every  point  in  all  directions. 
Inert  or  gross  matter  will  be  acted  upon  by  it,  and  the  compo- 
sition of  all  the  rays  of  force  which  act  upon  a  given  body  will 
impart  motion  to  it  in  the  direction  of  the  resultant  force,  pass- 
ing through  its  center  of  gravity. 

liCt  us  now  suppose  a  single  atom  of  matter  to  exist  in  space. 
We  shall  readily  perceive  that  there  will  be  no  resultant  force 
since  the  atom  is  acted  upon  in  every  direction  alike,  each  im- 
pinging ray  being  counteracted  by  its  opposite  ray,  producing  an 
equilibrium,  in  which  we  may  suppose  the  force  of  each  imping- 
ing ray  to  be  decombined  or  developed  from  the  atom  by  its 
counteracting  ray  so  that  the  general  store  of  force  rem^ind  un- 
changed. 

But  let  there  be  two  atoms  at  a  given  distance  from  each 

other,  as  A  and  B  in  the  figure,  which  we  will  suppose  to  be  in- 

A  *      B  definitely  small,  so  that  only  one  line  of 

____ ___.  fQj^QQ  raja  may  be  considered  as  passing 

through  the  two  atoms.  This  line  will  be  occupied  oy  two 
forces  in  opposite  directions  as  represented  by  the  arrows.  It 
will  be  seen  that  each  atom  intercepts  the  ray  which  passes 
through  it  before  reaching  the  other,  and  thus  a  portion  of  the 
counteracting  power  of  the  ray  is  removed,  so  that  an  equiva- 
lent resultant  force  acts  upon  each  atom  in  the  direction  of  the 
other.  This  action  continues  during  each  successive  instant  pro- 
ducing uniformly  accelerated  motions  of  both  atoms  toward  each 
other. 

Let  us  suppose  one  of  the  atoms  A  to  be  doubled  in  quantity 
of  inertia,  !B  remaining  as  before;  then  the  gravitating  force  of 
each  toward  the  other  will  be  doubled,  for  A  having  twice  the 
combining  capacity  it  had  before,  and  being  otherwise  under 
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similar  oonditions^  will  absorb  twice  as  much  force,  and  B  hav- 
ing a  double  amount  of  counteracting  force  removed,  will  also 
combine  with  twice  as  much  force  as  before,  during  each  suc- 
cessive instant  of  time,  so  that  B  will  pass  over  twice  the  dis- 
tance that  A  does  in  the  same  time,  each  having  a  uniformly 
accelerated  motion  toward  the  other. 

We  may  consider  the  entire  amount  of  force  traversing  any 
given  line  to  be  infinite,  and  it  follows  that  the  successive  ab- 
stractions of  definite  amounts  from  it  will  not  appreciably  di- 
minish its  proportions  to  finite  quantities.  Any  number  of 
atoms,  therefore,  possessing  equal  quantities  of  inertia,  placed 
along  a  given  line,  and  having  equal  amounts  of  counteracting 
force  removed,  will  virtually  combine  with  equal  amounts  of 
force  from  the  same  ray  in  equal  times. 

It  evidently  follows  that  any  two  bodies  of  matter  placed  at 
a  given  distance  from  each  other,  and  acted  upon  by  a  given 
number  of  parallel  force  rays  in  the  two  opposite  directions, 
will,  during  each  successive  moment,  acquire  equal  amounts  of 
force  impelling  them  toward  each  other,  proportional  to  the 
products  of  the  units  of  inertia  of  the  two  bodies,  the  square  of 
the  velocity  of  each  at  any  given  instant  being  proportional  to 
the  mass  of  the  other. 

The  proportion  of  the  inverse  squares  of  the  distances  readily 
follows,  when  we  consider  the  relations  of  one  body  to  each  of 
the  several  atoms  of  the  other.  The  rays  which  act  upon  the 
body  in  the  direction  of  the  atom,  form  a  pencil  centering  at 
the  atom  and  the  counteracting  rays  form  another  equal  pencil 
from  the  same  center  in  the  opposite  direction.  The  aggregate 
quantity  of  power  produced  by  each  pencil  at  different  distances 
will  be  proportional  to  the  area  of  a  figure  which  the  rays  pass- 
ing through  a  given  section  of  the  body,  cutting  its  center  of 
gravity,  will  project  upon  a  plane  at  a  fixed  distance  from  the 
atom,  and  parallel  to  the  given  section.  This  may  be  seen  by 
inspecting  the  figures,  in  which  A  represents  the  atom,  B  the 


body,  C  D  the  given  section  of  B,  and  E  F  the  parallel  plane, 
at  a  fixed  distance  from  A.  The  area  of  the  projected  figure 
upon  E  F  will  of  course  be  in  inverse  proportion  to  the  square 
of  the  distance  A  B,  and  since  the  same  proportion  holds  be- 
tween either  body  and  each  several  atom  of  the  other,  it  holds 
good  between  the  two  bodies  referred  to  their  centers  of  gravity. 
A  growing  dislike  to  the  doctrine  of  inherent  attraction,  has 
existed  since  the  days  of  Newton,  who  shared  the  feeling  as 
may  be  seen  in  the  following  quotation  made  by  Faraday  in 
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connection  with  some  recent  remarks  of  his  own,  showing  the 
want  of  harmony  between  this  doctrine  and  the  conservation 
theory. 

''That  gravity  should  be  innate,  inherent,  and  essential  to 
matter,  so  that  one  body  may  act  upon  another  at  a  distance, 
through  a  vacuum^  without  the  mediation  of  anything  else,  by 
and  through  which  their  action  and  force  may  be  conveyed  from 
one  to  another,  is  to  me  so  great  an  absurdity  that  I  believe  no 
man  who  has  in  philosophical  matters  a  competent  faculty  of 
thinking,  can  ever  fall  into  it  Gravity  must  be  caused  by  an 
agent,  acting  constantly  according  to  certain  laws;  but  whether 
this  agent  be  material  or  immaterial  I  have  left  to  the  considera- 
tion of  my  reader." 

The  idea  of  an  inherent  power  of  matter  enabling  it  to  pull 
distant  and  disconnected  matter  toward  it,  seems  somewhat  anal- 
ogous to  the  old  idea  of  an  inherent  suction  power  in  the  piston 
of  a  pump,  by  which  it  was  supposed  to  raise  the  water  befcw  it. 

The  apparent  annihilation  of  power  in  the  equilibrium  of 
forces  in  a  statical  condition,  and  the  deficiency  in  the  total 
power  of  a  resultant  force,  made  up  of  forces  in  diflferent  direc- 
tions compounded,  may  be  accounted  for  by  supposing  the  elim- 
inated forces  to  be  mutually  decombined  from  the  body  acted 
upon,  and  added  to  the  general  store  of  universal  force.  This 
takes  place  during  each  successive  instant  of  the  time  in  which 
the  opposing  forces  continue  to  act  When  an  entire  or  partial 
removal  of  a  given  number  of  counteracting  or  modifying  foroes 
takes  place,  a  force  which  would  exactly  counteract  the  resultant 
of  the  removed  forces  is  converted  from  "potential"  into  "actual 
energy,"  and  produces  corresponding  motion.  The  changes  in  the 
velocity  and  consequent  power  of  motion  of  the  heavenly  bodies 
are  therefore  due  to  the  variable  amounts  of  force  alternately 
drawn  from,  and  restored  to,  the  great  reservoir  of  universal  force, 

The  constant  mutual  transmission  of  the  radiant  forces,  in- 
cluding light  radiant  heat,  &c,  which  apparently  takes  place 
from  the  surface  of  all  bodies,  across  vacant  spaces,  or  through 
transparent  or  diathermanous  mediums,  can  perhaps  be  ex- 
plained by  supposing  the  universal  force  rays  to  be  modified  by 
the  molecular  actions  going  on  within  the  hiodies,  which  produce 
vibrations  of  such  a  nature,  that  at  the  sur&ce  of  the  bodies 
small  amounts  of  counteracting  force  are  alternately  added  to, 
and  then  partially  withdrawn  from,  the  universal  force  rays,  in 
minutely  brief  periods  of  time,  endowing  the  developed  or  de- 
combined  rays  with  the  power  of  impressing  vibrations  upon  the 
surface  atoms  of  any  matter  which  they  may  encounter,  by  deter- 
mining the  resultant  force  which  will  take  eflfect  upon  them. 
These  vibrations  are  equal  in  duration  and  intensity  to  those  by 
which  they  are  generated,  though  perhaps  opposite  in  direction, 
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and  result  in  an  augmentation  of  the  centrifugal  or  expansive 
motions  of  the  atoms,  which  is  communicable  from  atom  to  atom 
and  convertible  into  "modes  of  motion."  The  differences  in 
the  constituent  parts  of  rays  of  light  and  heat,  developjed  by 
decomposition,  polarization,  &c.,  and  due  to  differences  in  the 
duration,  direction,  &c.,  of  the  generating  vibrations,  are  thus 
transmitted  and  reproduced  with  rigorous  mtegrity,  being  eq^ual 
in  duration,  direction  and  intensity  to  the  generating  vibrations, 
and  in  quantity  or  aggregate  effect,  inversely  proportional  to 
the  squares  of  the  distances. 


SCIENTIFIC    INTELLIGENCE. 

I.    CHEMISTRY  AND  PHYSICS. 

1.  On  a  new  and  very  powerful  thermo-electric  battery, — In  a  commu- 
nication to  the  Vienna  Academy  dated  the  16th  of  March  of  the  present 
year,  S.  Marcus  has  described  a  new  thermo-electric  battery  which  pos- 
sesses extraordinary  interest  both  in  a  theoretical  and  practical  point  of 
view.    The  properties  of  the  new  battery  are  as  follows : 

(1.)  The  electro-motive  force  of  one  of  the  new  elements  is  equal  to 
^  of  that  of  a  Bunsen's  element  of  zinc  and  carbon,  and  its  internal  re- 
sistance is  equal  to  0*4  of  a  meter  of  normal  wire. 

i2.^  Six  such  elements  are  sufficient  to  decompose  acidulated  water. 
3.)  A  battery  of  125  elements  evolved  in  one  minute  25  cubic  centi- 
nreters  of  mixed  oxygen  and  hydrogen,  although  the  decomposition  took 
place  under  disadvantageous  circumstances,  as  the  internal  resistance  of 
the  battery  was  much  greater  than  that  of  the  voltameter  in  the  circuit. 

(4.^  A  platinum  wire  of  ^  millimeter  in  thickness  introduced  into  the 
circuit  melted. 

(5.)  Thirtj  elements  develop  in  an  electro-magnet  a  lifting  power  of 
150  pounds. 

(6  )  The  current  is  generated  by  warming  only  one  of  the  contact- 
sides  of  the  elements  and  cooling  the  other  by  means  of  water  of  the 
ordinary  temperature. 

As  positive  metal  in  these  batteries,  Marcus  employs  an  alloy  of  10  parts 
of  copper,  6  of  zinc  and  6  of  nickel.  The  addition  of  one  part  of  cobalt 
increases  the  electro-motive  force.  For  the  negative  metal  he  uses  an 
alloy  of  12  parts  of  antimony,  5  of  zinc  and  1  of  bismuth.  The  electro- 
motive force  of  the  alloy  is  increased  by  repeated  fusion.  In  place  of 
these  alloys  a  particular  kind  of  German  silver,  known  as  Alpacca,  may 
be  used  with  the  same  negative  metal ;  or,  as  the  positive  metal,  an  alloy 
of  65  parts  of  copper  and  31  of  zinc,  and,  as  the  negative  metal,  an 
alloy  of  12  parts  of  antimony  and  5  parts  of  zinc  The  bars  are  not 
soldered  but  screwed  together.  The  mechanical  arrangement  is  such 
that  only  the  positive  metal  is  directly  heated,  the  negative  metal  being 
warmed  by  conduction ;  the  former  melts  at  about  1200^  C,  the  latter 
at  about  600^  0. 
Am.  Jour.  Sol—Sbcoiid  Sbribs,  Vol.  XL,  Na  110.— Sxpt.,  1806. 
33 
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An  interesting  fiict  in  relation  to  the  transformation  of  heat  into  elec- 
tricity in  the  thermo-electric  battery,  is  that  the  water  which  serves  to 
cool  one  of  the  contact  sides  of  each  element,  becomes  very  slowly  warmer 
so  long  as  the  circuit  remains  dosed,  but  is  heated  pretty  rapidly  when 
the  circuit  is  open.  The  alloys  employed  in  this  battery  fulfill  several 
conditions  essential  to  the  production  of  powerful  electrical  currents  by 
heat.  These  conditions  are,  that  the  metals  employed  should  be  as  far 
as  possible  from  each  other  in  the  thermo-electric  series ;  that  they  should 
permit  great  differences  of  temperature  so  as  to  avoid  the  necessity  of 
using  ice ;  that  they  should  not  be  expensive,  and  that  the  insulating 
material  should  resist  a  high  temperature  and  possess  sufficient  solidity 
and  elasticity.  The  thermo-electric  battery  in  question  was  constructed 
with  reference  to  the  use  of  a  gas  flame.  The  single  element  consists  of 
bars  of  unequal  dimensions,  the  positive  bar  being  7"  long,  7'"  broad, 
and  ^'"  thick ;  the  negative  6"  long,  7'"  broad,  and  6'"  thicL  Marcus 
puts  together  32  elements  in  such  a  manner  that  all  the  positive  bars  are 
on  one  side  and  all  the  negative  bars  upon  the  other  and  have  thus  the 
form  of  a  grating.  The  battery  consists  of  two  such  gratings  which  are 
screwed  together  in  the  form  of  a  roof  and  strengthened  by  an  iron  bar, 
mica  being  used  as  the  insulator.  The  under  sides  of  the  elements  are 
cooled  by  a  vessel  of  water.  The  whole  battery  has  a  length  of  two  feet, 
with  a  breadth  of  six  inches  and  a  height  of  six  inches.  Marcus  has 
constructed  a  furnace  which  is  calculated  for  a  battery  of  768  elements, 
which  would  correspond  to  a  Bunsen's  battery  of  30  pairs  and  consume 
240  lbs.  of  coal  per  day.  The  Vienna  Academy,  recognizing  the  import- 
ance of  the  discovery,  has  voted  to  the  inventor  the  sum  of  2500  gulden 
— the  invention  to  be  public  property. — Popg,  Ann.,  cxxiv,  629,  April, 
1865.  w.  o. 

[NoTB. — ^Tbe  importance  of  Marcus's  invention  in  a  technical  point  ci 
view  can  hardly  be  overestimated,  since  it  promises  to  furnish  the  cheap- 
est method  of  obtaining  an  intense  light  for  light  houses  and  public  build- 
ings, and  even  holds  out  a  prospect,  perhaps  not  remote,  of  applications 
in  domestic  economy. 

It  must  be  remembered  that  the  step  taken  by  Marcus  is,  after  all,  a 
first  step  in  the  right  direction.  Bunsen,  E.  Becquerel,  and  Stefan,  have 
shewn  that  there  are  thermo-electric  combinations  of  much  higher  electro- 
motive force  than  those  employed  by  Marcus,  although  the  internal  re- 
sistance is  too  great  to  permit  of  their  use  in  constructing  large  batteries. 
If  the  progress  of  science  should  make  us  acquainted  with  metallic  alloys 
which,  when  combined  and  arranged  as  thermo-electric  elements,  develop 
electro-motive  forces  as  high  as  -j^th  of  that  of  a  Bunsen  cell,  the  thermo- 
electric battery  will  again  become  a  new  instrument.  In  this  connection 
we  suggest  that  the  thermo-electric  relations  of  the  highly  crystalline 
alloy  of  iron,  manganese  and  carbon,  known  as  **  spiegeleisen,"  (that  from 
the  Franklinite  of  New  Jersey  for  example,)  deserve  a  careful  study.  The 
possession  of  a  galvanic  battery  in  which  coal  is  consumed  in  place  of 
zinc  and  acids,  can  hardly  fail  to  revive  an  interest  in  electro-raagnetio 
motive  engines,  like  that  of  Page,  even  if  only  for  cases  in  which  com- 
paratively little  power  is  required,  since  our  best  steam  engines  do  not 
yield  10  per  cent  of  the  work  which  the  consumption  of  the  coal  is  capa- 
ble of  doing. — w.  G.] 
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2.  On  some  ihermtheleciric  elements  of  great  electro- motive  power, — 
Stxvan  has  examined  a  variety  of  miDeral  substances  with  relation  to 
their  thermo-electric  power  at  high  temperatures.  The  mineral  to  be 
examined  was  placed  upon  one  end  of  a  strip  of  copper  while  the  end 
of  a  copper  wire  rested  upon  the  mineral,  the  whole  being  pressed  to* 
gether  to  insure  contact  The  wire  and  copper  strip  were  connected  with 
a  galvanometer  of  great  resistance  and  the  copper  strip  was  then  heated 
by  a  spirit-lamp.  In  examining  the  mutual  relations  of  the  minerals 
a  copper  strip  was  placed  between  them,  wires  attached  to  the  free  ends 
of  the  fragments  of  mineral  and  the  whole  pressed  together  by  a,  wooden 
press.  The  free  end  of  the  copper  strip  was  then  heated  and  the  heat 
conducted  to  the  minerals.  In  the  following  enumeration  of  the  elements 
employed  the  positive  element  is  always  placed  first,  and  the  number 
appended  signifies  how  many  of  the  elements  give  an  electro-motive  force 
equal  to  that  of  Daniell's  cell. 

(I.)  Foliated  copper  pyrites — copper;  26. 

(2.)  Compact      "       "   «  ;  9. 

(3.)  Pyrolusite — copper;  13. 

^4.^  Compact  copper  pyrites — foliated  copper  pyrites ;  14. 

Copper — crystallized  cobalt  pyrites ;  26. 

Granular  cobalt  pyrites — copper;  78. 

Copper — iron  pyrites;  16*7. 

Compact  copper  pyrites — iron  pyrites;  6. 

Foliated  copper  pyrites —        **  ;  9*8. 

Copper — erubescite;  14. 

Fine  bleischweif — copper ;  9*8. 

Coarse      "       — copper;   9. 

Galena  in  large  crystals — copper;   9*8. 

Bleischweif— erubescite ;  6*5. 

The  ^reat  influence  of  structure  upon  the  thermo-electric  relations  is 
seen  in  Nos.  1,  2  and  4,  and  still  more  in  6  and  6.  A  mass  of  cubical 
crystals  of  galena  was  at  some  points  negative,  at  others  positive,  to 
copper.  The  element  No.  14  has  the  greatest  electro-motive  force  yet 
observed  in  thermo-electric  series ;  but  the  substances  employed  are  all 
bad  conductors.  The  author  considers — and  we  think  very  justly — the 
above  results  as  of  great  importance  for  the  physics  of  the  earth,  and 
proposes  to  continue  the  subject  In  a  note  to  Stefan's  paper,  Poggen- 
dorff  calls  attention  to  an  observation  of  Marbach  made  in  1867,  accord- 
ing to  which  crystals  of  iron  pyrites  (FeS^)  and  of  cobaltine  (CoSj-j- 
Co  A82)  which  cannot  be  distinguished  either  in  crystalline  form  or  in 
composition  are  divided,  so  far  as  their  thermo-electric  relations  are  con- 
cerned, into  two  groups.  Calling  the  two  forms  of  the  minerals  a  and  ^, 
Marbach  gives  the  following  series,  reckoning  from  negative  to  positive : 
Iron  pyrites  a,  cobaltine  o,  bismuth,  german  silver,  platinum,  lead,  cop- 
per, brass,  silver,  cadmium,  iron,  antimony,  cobaltine  ft  iron  pyrites  ft — 
Pogg,  Ann,,  cxxiv,  632.  w.  g. 

3.  On  the  wave  length  of  the  blue  iridium  line. — J.  Mi}LLER  has  deter- 
mined the  wave  length  of  the  blue  line  characteristic  of  the  new  metal 
indium,  and  finds  as  a  m^n  of , two  detereminations  A  =  0'000466™". — 
Pogg.  Ann,,  cxxiv,  637.  w.  g^ 
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4.  On  the  absorption  spectrum  of  Didymium^  Erbium  and  Terbium, 
— Dblafontainb,  who  roaintaiDs  ihe  existence  of  erbium  and  terbium 
as  distinct  elements,  h^  compared  the  absorption  spectra  of  these  two 
metals  with  that  of  didymium,  the  spectrum  of  which  was  first  studied 
by  Gladstone.  The  absorption  bands  in  the  spectra  of  erbium  and  ter- 
bium were  first  observed  by  Hahr.  The  didymium  spectrum  has  been 
also  studied  by  Rood  and  by  Erdmann,  both  of  whom  dete<-ted  several 
dark  bands  not  noticed  by  Gladstone.  Erbium  gives  usually  ^sq  lines 
or  bands,  and  eij;ht  when  in  the  form  of  a  thick  syrup.  Er»  remains 
after  all  the  other  lines  have  vanished.  Terbium  is  characterized  by 
three  bands  of  metal,  of  which  only  two  are  very  distinct.  The  third, 
or  Ti<^,  is  difiScult  to  recognize,  and  perhaps  does  not  belong  to  the  metal 
at  all.  Upon  a  scale  on  which  Na=27,  Li»=10  and  Tl=43,  the 
author  found 


ih=   9 

Tr»  = 

=30- 

-32 

Erf=  9 

i=19 

b= 

:48- 

-60 

d=14 

a— 28-32 

c= 

:86-89 

g=l6 

b=48-50 

h=42 

d=54-66 

e=44 

e=66-67 

a— 48-60 

g=70 

b— 66 

f=73-75 

c=86-90 

c— 86-91 

From  this  it  appears  that  two  of  the  bands  are  common  to  all  three 
elemenUs  (Di^,  Tr^  Er»  and  Di^  Tr^,  Er^),  and  also  that  EK  ooincldes 
with  Di*». — Pogg,  Ann,^  cxxiv,  636.  w.  o. 

6.  Polisimmetria  dei  Cristalli ;  Relazioni  tra  la  geminazione  dei 
Cristalli  ed  il  loro  ingrandimento ;  par  Aroangelo  Sgacgbi.  120, 
28  pp.  4to,  with  4  plates.  Napoli,  1864. — By  polysymmetry  Professor 
Scacchi  understands  the  quality  pertaining  to  most  substances  of  present- 
ing distinct  but  closely  related  crystalline  forms  differing  more  or  less  in 
physical  qualities.  Dimorphism  differs  from  polysymmetry  in  that  the 
forms  of  a  dimorphous  substance  are  widely  diverse,  and  fail  of  the  dose 
aaalogy  which  exists  between  Scaochi^s  polysymmetric  forms.  A  hexagon- 
ally  crystallized  species,  for  example,  as  sulphate  of  potash,  may,  when 
formed,  under  some  circumstances,  have  one  lateral  axis  elongated,  and  a 
small  variation  of  angles  in  the  transverse  zone,  so  as  to  become  in  fact  tri- 
metric  though  in  planes  and  habit  like  a  distorted  hexagonal  crystal; 
and  tkis  variation  of  form  will  appear  also  in  the  optical  characters. 
8ueh  variations  have  often  been  looked  upon  as  mere  distortions.  But 
Scacchi  shows  that  they  are  of  frequent  occurrence,  and  oc-cur  according 
to  a -distinct  method  and  law;  and  he  gives  the  nniae  polysymmetry  to 
the  property.  It  was  formeriy  supposed  that  the  distinction  of  system  of 
crystallization  between  species  was  a  fundamental  one,  but  this  has  for 
tome  years  been  admitted  to  be  incorrect.  Scacchi*s  observations  illas- 
trate  this  point  most  strikingly  ;  since  it  is  only  by  a  small  variation,  and 
one  which  actually  occurs  in  the  same  compound,  that  a  hexagonal 
prism  passes  to  a  triraetric,  or  a  monometric  to  a  dimetric,  or  an  orthe- 
metric  to  a  clinometric  The  acid  paratartrate  of  soda  is  one  example 
Scacchi  .mentions  of  a  substance  crystallizing  under  two  types,  one  of 
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them  trimetrio  and  the  other  tridinic  Orthoclase  and  albite  coDstitutc, 
as  he  obeerves,  another  example.  Yet  it  is  one  which  brings  dimorphisra 
and  Scacchi^s  poljsymmetnr  into  close  relation.  Professor  Scacchi  pre- 
sents a  large  number  of  facts  illustrating  his  views,  and  discusses  also 
the  origin  of  the  phenomena  observed.  In  his  second  memoir,  Professor 
Scacchi  gives  an  account  of  some  important  observations  bearing  on  the 
origin  of  twin  crystals. 

6.  Memoire  sur  VEmploi  du  Microscope  polarisaniy  ei  sur  Vitude  de$ 
propriitis  optiques  hirifringentes  propres  h  dSlerminer  U  systhne  cristallin 
dan$  les  Cristaux  natureU  ou  artificieU ;  par  M.  Dss  Cloizeaux.  60 
pp.  8vo,  with  two  plates.  1864.  Paris.  (Dunod,  6diteur ;  Quai  des  Augus- 
tins,  49). — No  one  has  labored  more  effectually  in  optical  mineralogy  than 
Mr.  Des  Cloizeaux.  The  science  bears  evidence  throughout  of  progress 
due  to  his  investigations.  For  such  optical  researches  a  polarizing  micro- 
scope is  very  often  essential,  owing  to  the  smallness  of  the  crystals,  or  of 
the  fragments  of  crystals,  which  may  require  study.  In  the  memoir  above 
mentioned  Mr.  Des  Cloizeaux  describes  the  microscope  which  he  has  found 
most  satisfactory  for  his  purposes,  and  gives  the  method  of  using  it  for 
the  various  kinds  of  observations.  The  author  promised  in  the  first  vol- 
ume of  his  mineralogy  (published  in  1862)  that  this  memoir  should  ap- 
pear as  an  Appendix  to  the  second  ;  but  the  uncertainty  with  regard  to 
the  publication  of  the  latter  has  led  to  his  issuing  it  separately. 

7.  Zirconium, — Zirconium  has  been  the  subject  of  researches  by  Mr. 
Troost,  which  were  recently  presented  to  the  Academy  of  Sciences  at 
Paris.  The  results  go  to  show  that  zirconium  acts  the  same  part  in  the 
Carbon  series  of  elements  that  antimony  does  in  the  Nitrogen  ;  and  that 
this  element  constitutes  the  passage  between  silicium  and  aluminium,  thus 
sustaining  the  view  of  St.  Claire  Deville  who  places  in  a  common  group, 
carbon,  boron,  silicium,  zirconium  and  aluminium.  Crystals  of  zirconium 
are  monodinic  rhombic  prisms  of  93^,  indined  103^  to  the  basal  plane. 
— Les  Mondesy  July  20. 

II.    MINERALOGY  AND  GEOLOGY. 

1.  On  the  Sand  kills  of  Cape  Henry  in  Virginia;  by  B.  Hbnrt  La- 
TROBB,  E^q.  (Transactions  Am.  Ph.  Society,  vol.  iv,  p.  439,  and  Bruce's 
Mineralogical  Journal,  No.  iv,  1814).* — From  the  falls  of  the  great  riv- 
ers of  Virginia  over  the  out-runnings  of  the  granite  strata,  the  general 
level  of  the  land  gradually  approaches  the  level  of  the  ocean.  At  the 
falls  it  is  elevated  from  150  to  200  feet  above  the  tide  ;  on  the  sea-shore 
at  Cape  Henry,  the  original  coast  rises  not  more  than  15  feet  above  high- 
water  mark. 

That  the  whole  of  this  extensive  country,  from  the  falls  to  the  coast, 
is  factitious,  and  of  Neptunian  origin,  appears  far  from  being  hypotheti- 
cal ;  and  the  fossil  teeth  and  bones,  which  accompany  this  memoir,  and 
which  with  many  hundrei]  more,  were  dug  out  of  a  well  at  Richmond 
from  the  depth  of  71  feet,  prove  that  the  deposition  of  the  super-strata 

'  We  reproduce  this  article,  originally  published  fifty  years  since,  because  of  its 
interest  as  affording  data  for  estimating  the  changes  in  progress  along  portions  of 
the  Atlantic  coast  We  learn  from  Mr.  J.  E.  Uilgard,  of  the  Coast  Surrey,  that  the  posi- 
tion of  the  UghUionse  remaias  the  same  as  when  the  observations  were  made.— %ds. 
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18  not  of  a  date  sujQSciently  removed  to  have  destroyed  the  soft  and 
almost  cartilaginous  part  of  the  joints,  or  to  have  injured  the  enamel  of 
the  teeth.  The  Neptunian  theory  of  geogeny,  has  now  very  generally 
taken  place  of  the  old  volcanic  system,  and,  as  far  as  conjecture  and  hy* 
potliesis  can  forward  science,  it  is  certainly  more  generally  applicable, 
nut  along  the  coast  of  Virginia,*  a  process  is  going  forward,  the  result 
of  which  will  be  exactly  similar,  and  in  which  water  has  no  immediate 
share. 

The  shore,  and  the  bed  of  the  Atlantic  near  the  shore,  consist  of  a 
fine  sand.  The  daily  action  of  the  flood  tide  carries  a  certain  quantity  of 
this  sand  above  high  water  mark,  which  being  dried  by  the  sun  and  air, 
is  carried  further  inland  by  the  winds.  The  most  violent  winds  on  this 
coast  blow  from  the  points  between  the  northwest  and  the  east;  and 
besides,  a  gentle  easterly  breeze  prevails  the  whole  summer,  during  some 
part  of  almost  every  day.  This  easterly  wind,  which  is  in  fact  a  trade 
wind,  is  felt  as  high  as  Williamsburg.  It  is  said  to  be  felt,  at  this  day, 
higher  inland  than  formerly,  and  to  be  annually  extending  its  influence; 
and  it  will  no  doubt,  when  the  woods  shall  be  more  cleared  away,  blow 
health  and  coolness  over  a  portion  of  lower  Virginia,  which  is  now  con- 
sidered as  extremely  unhealthy. 

These  easterly  winds  blowing  during  the  driest  and  hottest  season  of 
the  year,  carry  forward  the  greatest  quantity  of  sand,  and  have  amassed 
hills,  which  now  extend  about  a  mile  from  the  beach.  The  natural  level 
of  the  land,  elevated  little  more  than  10  feet  above  high-water  mark« 
has  a  very  gentle  declivity  to  the  east.  It  is  now  a  swamp'  of  about  hwe 
miles  square  (25  square  miles).  The  soil  below  the  sunace  is  a  white 
loamy  sand,  and  if  the  water  falling  upon,  or  rising  in  it^  had  a  free 
discharge  to  the  ocean,  it  would  probably  be  perfectly  dry ;  this,  how- 
ever, the  sand  hills  prevent,  and  the  water  is  discharged  into  the  sea  to 
the  southward,  and  into  the  mouth  of  the  Chesapeake  to  the  northward, 
by  small  creeks,  which  find  vent  from  the  westerly  extremities  of  the 
swamp.  Lynnhaven  creek  is  the  most  considerable  of  these  drains. 
The  swamp,  or  as  the  neighboring  inhabitants  call  it,  the  Desert,  is 
overgrown  with  aquatic  trees  and  shrubs;  the  gum,  {L.  styraciflua) 
the  cypress  {Cup,  disticha)  the  maple  (Acer  rubrum)  the  tree  improperly 
called  the  sycamore  {Flatanus  ocidentalis)  the  Magnolia  glauca,  the  wax 
myrtle  {Myrica  ceri/era)  and  the  reed,  (A.  tecid)  are  the  principal 
Of  these  many  thousands  are  already  buried  in  the  sand,  which  over- 
tops their  summits,  and  threatens  the  whole  forest  with  ruin.  Their 
destruction  is  slow,  but  inevitable.  Upon  the  extreme  edge  of  the  sand 
hills  toward  the  swamp,  the  wind,  opposed  by  the  tops  of  the  trees, 
forms  an  eddy ;  the  sand  carried  along  with  it  is  precipitated,  and  runs 
down  the  bank  into  the  swamp.  Its  slope  is  very  accurately  in  an  an- 
gle of  46*.    By  gradual  accumulation,  the  hill  climbs  up  their  trunks, 

*  I  Bpeak  only  of  the  coast  of  Virginia  at  Cape  Henry ;  for  although  I  have  the 
best  reason  to  believe  that  the  same  natural  process  has  produced  all  the  sand  banks, 
islands,  and  sand  hills  from  the  Delaware  to  Florida :  I  have  only  examined  that 
part  of  the  coast,  -which  is  the  subject  of  the  present  memoir. 

'  By  a  swamp  I  exclusively  mean  a  piece  of  ground,  the  surface  of  which  is 
wet  and  soft,  but  which  has  a  sound  bottom.  In  this  it  differs  from  the  Dismal 
Swamp,  much  of  which  \Btkhogox  moratt.  Into  the  latter,  a  pole  of  any  manage- 
able length  may  be  forced  with  great  ease. 
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they  wither  slowly,  and  before  they  are  entirely  buried,  they  die. 
Most  of  them  loee  ail  their  branches,  and  nothing  but  the  trunk  remains 
to  be  covered  with  sand,  but  some  of  the  cypress  retain  life  to  the  last.^ 

The  Desert  abounds  in  deer,  bears,  racoons,  and  opossums.  Its  skirts 
are  more  thickly  peopled  than  the  sterility  of  the  soil  would  give  reason 
to  suppose ;  but  the  inexhaustible  abundance  of  fish  and  oysters  in  the 
creeks,  and  the  game,  render  it  easy  to  support  a  family. 

The  lighthouse,*  which  was  built  about  sixteen  years  ago,  is  an  octan- 
gular truncated  pyramid  of  eight  sides,  rising  90  feet  to  the  light,  and 
sunk  18  feet  below  the  l^asement  course.  Within  a  few  yards  of  the 
lighthouse  is  the  keeper^s  dwelling,  a  wooden  building  of  two  stories. 
Both  are  surrounded  bv  a  platform  of  plank ;  and,  without  any  such  de- 
sign in  the  architect,  this  platform  has  preserved  both  these  buildings 
from  being  buried  in  the  sand. 

When  Uie  lighthouse  was  built,  it  was  placed  upon  the  highest  sand 
hill  at  the  Cape.  Its  distance  from  the  beach  may  be  six  or  seven  hundred 
yards,  and  the  elevation  of  its  base  above  high  water  not  less  than  90 
feet.  At  that  time  there  was  from  the  foot  of  the  building,  the  most 
expanded  view  of  the  ocean,  the  Desert,  the  Chesapeake  and  its  eastern 
shore.  At  present,  a  mound  of  sand  surrounds  them,  which  overtops 
the  keeper's  dwelling,  and  has  buried  his  kitchen  to  the  eaves.  The 
platform,  which  was  laid  upon  the  former  level  of  the  sand,  is  an  accu- 
rate standard  from  whence  to  ascertain  its  accumulation.  The  winds, 
meeting  in  their  course  the  elevated  tower  of  the  light,  form  a  perpetual 
whirl  around  it,  which  licks  up  the  sand  from  the  smooth  surface  of  the 
timl>er,  and  heaps  it  around  in  the  form  of  a  basin.  Where  the  platform 
ceases,  the  sand  accumulates.  The  sandy  rim,  while  it  protects  the 
keeper  from  the  storms,  renders  his  habitation  one  of  the  dreariest  abodes 
imaginable.  This  rim  is  sometimes  higher,  at  others  lower,  according 
to  the  direction  and  strength  of  the  wind.  Since  the  establishment  of 
the  light,  the  hills  have  risen  about  20  feet  in  height  (measuring  from 
the  platform)  and  have  proceeded  into  the  Desert  about  350  yards,  from 
a  spot  pointed  out  to  me  by  the  keeper.  I  stepped  the  distance  as  well 
as  I  could,  while  at  every  step  I  sunk  up  to  my  ancles  into  the  sand. 
The  height  of  the  hill  at  the  swamp,  is  between  70  and  80  feet  perpen- 
dicularly. It  is  higher  nearer  the  sea,  the  inner  edge  being  rounded  off, 
and  I  think  at  its  highest  point,  it  cannot  be  less  than  100  feet  above  high- 
water  mark.  If  the  hills  advance  at  an  equal  ratio  for  20  or  80  years 
more,  they  will  swallow  up  the  whole  swamp,  and  render  the  coast  a 
desert  indeed,  for  not  a  blade  of  grass  finds  nutriment  upon  the  sand.  • 

Should  this  event  take  place,  and  some  future  philosopher  attend  the 
digging  of  a  well  in  the  high  sandy  country,  on  the  coast  of  Virginia^ 
his  curiosity  would  be  excited  by  fossil  wood,  100  feet  below  the  surface. 

*  That  the  swamp  with  its  trees  extended  to  the  sea  coast,  perhaps  within  a  cen- 
tuiT,  is  yerj  evident  from  this  circumstaooe :  between  the  summit  of  the  sand  hUls 
aod  the  sea  shore,  and  more  especially  oa  the  Chesapeake  side,  the  undecayed, 
thouffh  mostly  dead  bodies  of  trees  still  appear  in  great  numbers.  Being  on  the 
wiomvard  side  of  the  sand  hillsi  they  have  not  been  more  than  half  buried.  At  the 
lighthouse  there  are  none  of  the  trees,  but  to  the  westward  and  southward  are 
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a  good  solid  building  of  Rappahannoc  freestone. 
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He  would  there  discover  a  bed  of  vegetable  and  animal  exuvis,  and 
ffoing  home,  he  might  erect  upon  very  plausible  ground,  a  very  good- 
looking  hypothesis  of  a  deluge,  sweeping  the  whole  upper  country  of  its 
sand,  and  depositing  it  along  the  line  of  its  con&ict  with  the  waves  of 
the  ocean. 

2.  Volcanic  ErupUons  in  Northern  California  and  Oregon, — Within 
the  last  few  years  ibere  have  been  frequent  reports  of  volcanic  activity  in 
or  near  the  extinct  volcanoes  of  Northern  California,  Oregon,  and  north- 
ward from  that  chain  of  high  peaks.  Thus,  Ml  St.  Helens  in  1851, 
Lassen^s  Peak  in  1856,  Mt.  Hood  in  1864,  ar^  most  familiar,  the  ac- 
tivity being  shown  by  vast  quantities  of  steam  emitted.  Various  similar 
reports  occur  at  times  in  the  newspapers  of  the  Pacific  coast.  The  Ore- 
gonian  of  last  April  contains  the  following:  **Mt.  Baker,  it  is  said,  is 
rapidly  sinking  in.  It  is  asserted  that  the  mountain  has  fallen  1000  or 
1500  feet,  and  that  its  summit,  which  was  formerly  a  sharp  point,  is 
now  much  flattened.  This  peak  has  been  for  some  time  in  a  state  of  active 
eruption.  Dense  clouds  of  smoke  have  of  late  issued  from  it''  Corres- 
pondents of  the  California  papers  speak  of  the  same  phenomenon,  one  of 
whom  asserts  that  the  emission  of  steam  is  immense,  and  that  1,200  feet 
of  the  summit  has  fallen  in.     We  have  no  other  data.  w.  h.  b. 

3.  Notice  of  Pot-holes  near  Poullney^  Vermont;  by  John  A.  Nich- 
ols.— About  two  and  a  half  miles  south  of  this  place,  on  the  road  to 
Granville,  N.  Y.,  the  U.  S.  Slate  Co.  has  just  opened  a  new  quarry. 
Slate  Quarries  abound  in  the  neighborhood,  some  of  which  have  been 
worked  for  years;  but  in  this  new  quarry  seven  pot-holes  have  already 
been  found,  and  nothing  of  the  kind  has  ever  been  found  in  any  other 
quarry.  The  largest  complete  hole  is  elliptical  in  shape,  its  longest  di- 
ameter being  11  ft.  6  in.,  its  shortest  10  fL;  its  depth  is  not  known,  as 
the  earth  and  stones  which  filled  it  are  not  yet  dug  out.  A  smaller  hole, 
which  has  been  emptied,  is  9  ft.  deep  and  5  ft.  in  diameter.  Its  sides 
are  smoothly  polished  and  it  contained  boulders,  the  largest  weighing 
one  and  a  half  tons,  the  smallest  not  larger  than  a  hen's  egg^  most  of 
them  beautifully  rounded  and  polished.\  The  slate  is  quarried  in  the 
hills  bounding  a  valley  through  which  runs  a  brook  in  a  general  south- 
erly direction,  emptying  into  a  little  stream  called  Granville  river.  The 
valley  varies  in  width  from  a  quarter  to  half  a  mile,  and  is  quite  flat ; 
and  the  bounding  hills  rise  from  it  rather  abruptly  to  the  height  of  50  to 
100  ft.  The  Rutland  and  Washington  railroad,  running  north  and 
south,  passes  through  the  valley.  The  U.  S.  Slate  Co.'s  quarry  is  on  the 
western  side  of  the  valley,  where  the  chain  of  hills  sudaenly  makes  a 
small  sweep  westward,  giving  the  appearance  of  a  small  semi-circular 
bay,  having  a  diameter  of  about  250  ft.  This  brings  the  quarry  on  the 
side  of  a  bluff.  The  tops  of  the  pot-holes  are  respectively  30,  25  and 
10  ft.  above  the  bed  of  the  brook  and  about  800  ft.  from  it.  There  are 
no  traces  visible  of  the  bed  of  the  stream  in  which  the  pot-holes  were 
made.  The  strata  have  a  dip  westwardly  of  about  30^.  Poultney  river, 
which  forms  part  of  the  boundary  line  between  New  York  and  Vermont, 
turns  abruptly  near  the  point  where  it  meets  the  valley  of  the  brook,  and 
flowing  northward  empties  into  Lake  Champlain.  The  quarry  is  two 
and  a  half  miles  from  the  nearest  point  of  Poultney  river.    The  side  of 
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the  largest  pot-bole  bas,  id 'some  places,  a  coating  of  carbonate  of  lime 
one-tenth  of  an  inch  thick,  laid  very  evenly  over  the  slate,  and  large 
lumps  of  limestone  of  the  nature  of  stalactites  have  been  found  in  the 
same  bole. 

I  went  over  the  ground  in  company  with  Mr.  A.  E.  Knapp,  one  of  the 
principal  owners  of  the  quarry,  who  furnished  most  of  the  measurementa 
mentioned  above. 

Poultney,  Vt,  July,  1865. 

4.  Observationa  on  the  Eocene  Lignite  Formation  of  the  United 
States;  by  T.  A.  Conrad.  Older  Eocene  or  London  Clay,  Lignite 
Epoch, — Some  years  ago  I  visited  a  marl  deposit  near  Long  Branch,  Mon- 
mouth Co.,  N.  J.,  in  which  casts  of  a  few  shells  presented  an  Eocene  char- 
acter. Observing  in  Vanuxera's  cabinet  a  specimen  of  what  is  now 
known  to  be  Aturia  ziczac^  I  described  it  in  the  Journal  of  the  Academy 
of  Natural  Sciences,  vol.  i,  2d  series,  p.  129,  and  referred  the  marl,  prin- 
cipally on  account  of  the  presence  of  this  shell,  to  the  Eocene  era.  I 
also  described  an  imperfect  ca^^t  of  the  same  specif^  as  Nautilus  angus- 
tatus,  in  Dana's  Report  of  the  Geology  of  the  Exploring  Expedition, 
which  was  found  at  Astoria  in  Oregon,  in  company  with  many  shells 
which  I  mistook  for  Miocene  forms ;  but  a  more  extended  acquaintance 
with  Eocene  types  shows  their  older  tertiary  relations,  and  their  matrix 
to  be  synchronous  with  the  London  Clay,  of  Sheppey,  Higbgate  and 
Bracklesham.  Professor  Cook  has  lately  sent  me  a  box  of  specimens 
of  similar  age  from  Shark  River,  Monmouth  Co.,  New  Jersey,  collected 
by  Dr.  Kneiskern.  In  company  with  Aturia  ziczaCj  there  are  imperfect 
specimens  of  Nautilus  Lamarckii  Deshayes,  another  older  Eocene  form 
of  the  Paris  Basin  and  of  Belgium.  Fruits  also  occur  in  this  bed,  refer- 
rible  to  the  genera  Nipadites  and  Mimosites,  showing  the  tropical  or 
semitropical  climate  of  the  era,  and  giving  evidence  of  the  intimate  rela- 
tions of  the  deposit  to  the  Brandon  and  Mississippi  Lignite  strata.  In- 
deed it  seems  clear  that  this  Shark  River  marl  was  the  bed  of  the  oldest 
Eocene  ocean,  and  that  the  flora  of  the  Brandon  and  Southern  Tertiary 
epoch  flourished  at  the  same  time.  The  local,  circumscribed  character  of 
the  Brandon  Lignite  is  attributed  by  Prof.  Lesley,  to  its  having  filled  a 
deep  depression,  thus  escaping  the  denuding  forces  which  swept  all  traces 
of  it  away  over  a  wide  region  that  it  once  covered.  The  locality  at  Mont 
Alto,  near  Chambersburg,  described  by  Prof  Lesley,  is  doubtless  a  locally 

f>re8erved  fragment  of  a  vast  formation  once  deposited  over  the  Appa- 
achian  slope  to  the  very  base  of  the  mountain  range,  and  occupying  a 
large  space  in  South  Carolina,  Georgia,  Alabama  and  Mississippi,  and  in 
fact,  extending  to  the  Pacific  as  far  north  as  Vancouver's  Island.  Dana's 
map  of  the  Cretaceous  epoch  gives  a  general  view  of  the  United  States  at 
this  time,  supposing  what  was  then  ocean  had  become  land  and  fresh 
water. 

It  is  probable  that  the  estuary  deposits  of  Upper  Missouri  are  the  base 
of  the  older  Eocene,  and  the  fresh-water  shells  are  the  earliest  tertiary 
types  of  this  continent  The  species  of  Vivipara  resemble  the  Eocene 
forms  of  the  Paris  basin.  According  to  Meek  and  Hayden  these  beds 
are  more  than  2000  feet  thick. 
AM.  JouK.  Sci.— Second  Ssanes,  Vol.  XL,  No.  119.— Sfepi.,  ia6&. 
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Yanuxem  was  the  first  geologist  who  stated  that  a  lignite  bed  U  situ- 
ated in  South  Carolina  between  the  Cretaceous  and  Eocene  strata,  and 
Tuoinej  has  since  described  several  localities  in  that  State  and  one  in 
Clark  Co.,  Alabama,  represented  by  No.  6  of  his  Bashia  Creek  section; 
and  No.  2  of  the  section  represents  the  Marlborough  and  Buhrstone 
group,  or  second  stage  of  the  £ocene.  In  general,  some  doubt  rests  upon 
the  identity  of  species  by  Tuomey,  but  the  following  list  of  shells  con- 
tained in  No.  2  is  copied,  with  emendations,  from  his  Report :  Ostrea 
Carolinensis  Con.,  Venericardia  planicosta^  Protocardia  Virginianat 
Con.,  Volutilitkes  Tuomeyi  Con.  This  bed  represents  the  dark-colored 
loose  sand  of  Piscataway,  over  which,  and  next  jn  succession,  lies  the 
Marlborough  rock,  which  corresponds  to  the  ** great  Carolinian  bed"  of 
Ruffin,  and  the  "calcareous  strata  of  the  Charleston  basin ^'  of  Tuomey. 
The  sand  bed  and  condition  of  its  fossils,  as  well  as  the  similarity  of  some 
of  its  species,  reminds  us  of  the  Bracklesham  Bay  locality  in  England, 
and  the  superimposed  rock  of  the  Bognor  beds. 

Although  the  Aturia  ziczac  is  the  only  fossil  of  Oregon  known  to  be 
identical  with  the  New  Jersey  Eocene,  the  vast  distance  between  the  lo- 
calities will  account  for  the  variation  ;  for  the  Continent  was  then  as  wide 
as  from  the  Appalachian  to  the  Rocky  mountains,  and  seems  to  have 
been  intersected  by  many  rivers  and  fresh-water  lakes,  which  have  left  an 
abundance  of  shells  and  mammalian  remains  entombed  in  the  strata  de- 
posited by  their  waters.  The  Brandon  fruits  described  by  Hitchcock  are 
all  diffe%nt  from  those  of  Shark  River,  but  the  conditions  under  which 
they  flourished  may  account  for  this  variation.  They  probably  grew  on 
high  laud,  at  some  distance  from  the  coast,  whilst  the  station  of  the 
others  was  on  low  land  along  the  shore,  where  Palms  and  Acacias  scat- 
tered their  fruit  within  reach  of  currents  which  swept  them  into  the  sea. 

At  present  the  marine  beds  of  this  era  are  found  to  lie  close  to  the 
Atlantic,  and  in  Oregon  they  skirt  the  shore;  but  estuary  deposits  were 
observed  by  Meek  and  Hayden  in  Upper  Missouri.  The  Shark  River 
marl  is  an  indurated  clay,  with  disseminated  grains  of  green  sand,  which 
are  often  smooth  and  shining,  and  the  shells  are  all  in  the  form  of  casta, 
which  are  more  or  less  distorted.  Portions  of  this  clay  are  indurated, 
making  it  as  difficult  to  break  as  the  hardest  limestone.  Its  thickness  is 
yet  unknown.  The  Aturia  of  this  locality  is  discoid,  which  is  the  result 
of  pressure,  whilst  the  Oregon  forms  are  broader,  and  one  specimen  ap- 
proximates to  the  normal  form  of  the  European  shell. 

Professor  Harper  describes  a  deposit  on  Chickasawhay  river,  Missis- 
sippi, which  also  is  of  similar  geological  age.  "The  Nipaditea  and  Ctfc^ 
adites  mixed  with  coniferous  trees,  and  even  oaks."  "Stumps  are  seen 
rooted  in  the  ground,  as  smooth  and  even  as  if  not  cut  with  an  axe,  but 
sawed  with  a  sharp  saw.*'  "A  little  higher  up,  on  the  Chickasawbaj 
river,  occurs  the  most  southern  outcrop  of  the  large  Eocene  marl  stra- 
tum. Above  the  marl  lies  a  stratum  of  hard  limestone,  which  contains 
abundance  of  an  Ostrea  of  large  size."  In  this  description  I  recognize 
the  strata  on  Savannah  river,  where  the  lignite  is  overlaid  by  the  "great 
Carolinian  limestone"  group,  and  succeeded  by  the  Ostrea  Oeorgiana^ 
which  is  found  as  far  west  as  Cape  St.  Lucas  in  Lower  California. 

The  lignite  bed  underlies  the  bluff  at  Vicksburg,  where  we  find — 1. 
lignite;  2.  ferruginous  rock, with  Ostrea  Geor^ana Conrad]  3. Su Stephen's 
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limestone,  or  Orbitolite  limestone,  eighty  feet;  4.  Vicksturg  group,  with 
a  new  species  of  Orbitolite, — N,  supera  Conrad. 

This  formation  appears  at  Cape  Sable,  near  Annapolis,  where,  at  about 
the  water  level,  **  under  a  stratum  of  sand,  and  resting  upon  an  imper- 
meable crust  of  ferruginous  sandstone,  lies  imbedded  in  a  layer  of  almost 
pure  alumine,  a  forest  of  pine  trees,  thrown  down  by  some  ancient  con- 
vulsion. The  crust  which  forms  the  base  of  this  aluminous  layer  is  a 
little  below  the  le?el  of  low  tides  and  is  of  considerable  hardness.  The 
imbedded  pines  are  converted  into  lignites  more  or  less  impregnated  with 
sulphuret  of  iron.  The  central  parts  are  generally  transformed  into  pure 
metallic  sulphuret,  sometimes  exhibiting  in  the  hollow  parts  octahedral 
crystals  of  a  yellowish  metallic  lustre  and  great  hardness.  The  more  re- 
mote the  ligneous  layers  from  the  center,  the  less  they  are  saturated  with 
sulphuret  of  iron.  The  external  rays,  as  well  as  the  cortical  layers,  are 
generally  pure  lignite,  some  compact  and  black,  others  retaining  the 
color  and  friability  of  rotten  wood.  In  some  instances  their  texture 
seems  to  have  suffered  but  little  alteration  :  the  central  system,  concen- 
tric rays,  the  bark  and  knots  being  perfectly  discernible ;  even  fruits  are 
occasionally  found  in  a  pretty  good  state  of  preservation  as  to  form.'" 

The  lignite  is  correctly  placed  in  Morton's  diagram  as  overlying  the  sec- 
ondary marls.  In  Morton's  paper  the  first  published  notice  of  the  for- 
mation appeared,  drawn  up  from  the  notes  of  Lardner  Vanuxem,  who 
was  familiar  with  the  strata  in  South  Carolina.  Deshayes  states  that  he 
has  found  no  species  of  organic  remains  common  to  CretaceSus  and 
Eocene  strata  in  Europe  or  Asia,  and  I  have  no  doubt  that  the  destruc- 
tion of  life  was  total  over  the  whole  surface  of  the  globe  at  the  close  of 
the  Cretaceous  era.  Deshayes,  indeed,  affirms  that  life  has  been  five 
tiroes  destroyed  and  renewed  in  the  past  history  of  the  earth.  When  we 
find  evidence  of  surprising  changes  of  level  in  the  Eocene  period,  the  lim- 
ited nature  of  a  mixed  fauna  is  remarkable,  for  we  would  expect  to  find 
it  much  more  extensive  at  the  base  of  the  Eocene.  The  bed  of  the  At- 
lantic along  the  coast  of  the  United  States,  from  Cape  May  to  the  Gulf 
of  Mexico,  contains  a  mixture  of  recent  and  Miocene  shells,  which,  if 
elevated  above  the  sea  level  would  present  a  group  of  shells  consisting  of 
recent  and  extinct  species,  so  like  in  preservation  that  the  fossil  could  not 
be  distinguished  from  the  recent  forms,  except  by  one  conversant  with  all 
the  Miocene  shells. 

Deshayes  affirms  of  the  Maestricht  beds,  *Hhat  there  has  been  an  acci- 
dental mixture  of  Cretaceous  and  Eocene;  a  degradation  of  a  stratum  of 
fossiliferous  marl  diluted  in  the  bed  of  the  tertiary  sea  at  the  time  of  the 
first  deposit  The  bed  of  the  ocean,  under  our  own  eyes,  shows  an  acci- 
dental mixture  of  this  nature." 

The  Wilmington  rock  proves  conclusively  that  this  was  the  case  in 
North  Carolina.  Eocene  and  Cretaceous  fossils  are  there  mingled  in  a 
breccia.  When  I  first  saw  this  rock  in  1832,  no  fracture  or  excavation 
revealed  its  true  character ;  but  the  external  resemblance  to  the  Timber 
Creek  limestone  of  New  Jersey,  with  its  corallines,  was  striking.  The 
mixture  of  Secondary  and  Tertiary  species  in  this  breccia,  shows  that  a 
disturbance  occurred  in  the  bed  of  the  Eocene  ocean,  which  evidently 

'  Dorand,  Joum.  Philad.  College  of  Pharmacy,  v,  12, 1884. 
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from  Taomey's  accouct,  extended  into  South  CaroliDi.  No  one,  I  sop- 
poee,  will  tell  us  that  the  Venericardia  planicoita  existed  in  the  Cretaceooa 
period,  yet  countless  thousands  may  be  observed  at  the  base  of  the 
Eocene.  It  is  true  that  in  Europe  a  series  of  strata,  termed  Upper  and 
Lower  *'  Landenien^  and  ^^  Heersien^"  are  saki  to  intervene  between  the 
chalk  and  Eocene;  but  one  of  the  characteristic  fossils  of  the  Upper  Lan- 
denien  occurs  in  the  Shark  river  beds, — the  Cypri$kaMorruii  of  Sowerby. 
It  is  therefore  probable  that  the  former  system  is  merely  an  extension  of 
the  London  clay.  Certainly^  in  the  United  States,  there  is  no  sudi  sys- 
tem as  the  "Heersien,''  whilst  Lyell  found,  in  the  Belgium  Lower  '^Lan- 
denien"  grej  marl,  a  perfect  specimen  of  the  TerebratiUina  graeilU^  a 
well  known  «halk  IbssiL, — together  with  Oitrea  {Exogyra)  lateralU  Nyst. 
Lyell  remarks,  that  the  Lower  *'  Landenien,"  at  Folx  les  Caves,  rests  on 
the  Maestricht  chalk. 

There  is  an  extensive  bed  of  lignite  in  Europe  of  Eocene  age,  which 
Deshayes  says  forms  a  well  determined  horizon  with  the  long  series  of 
*'  sables  infi^rieures."  "Above  the  lignite  appears  a  bed  of  fre^-water  and 
marine  shells,  the  horizon  of  which  I  believe  to  be  the  same  as  that  of  tlie 
lignite  formation  of  the  United  States.  They  reveal  a  singular  state  of 
the  globe  at  the  commencement  of  the  Tertiary  period,  presenting  a  vast 
level  region  covered  by  a  dense  forest,  in  which  palms  and  oaks  grew 
side  by  side,  interspersed  with  lakes  and  rivers,  and  long  shallow  bays  of 
salt  water  penetrating  to  the  interior  of  the  continents.  This  state  of 
the  globe  was  exhibit  in  Europe  and  America  at  the  same  time,  and 
the  land  was  little  elevated  above  the  sea  level,  except  that  in  Amienca 
the  Appalachian  and  Rocky  mountain  ranges  stood  out  from  the  vast 
plain. 

The  Shark  River  fossiJs  are  few  in  number  of  soecies,  and  geoerallj 
imperfect  casts  with  small  ohalky  portions  of  the  shell  occasionally  re- 
maining. A  few  of  the  bivalves  have  connected  valves.  About  twenty- 
five  species  of  shells  and  plants  have  been  collected,  of  which  I  think  six 
shells  are  identical  with  species  of  the  London  Clay  and  one  of  the  Plaa- 
iio  Clay,  Cyprina  Morriiii, — Proe,  Acod.  NaU  Sci.,  1866,  70. 

5.  On  the  Fossil  Inucts  from  lUinaU,  the  Miamia  and  Hemerisiia^ 
described  in  voL  xxxvii,  of  this  Journal,  at  page  34 ;  by  Samdxl  H. 
ficuDOKR.  ^From  a  letter  to  Professor  Dana.) — In  my  study  of  the  speci- 
mens of  fossil  insects  from  Illinois,  allowed  me  through  your  kindness,  I 
have  observed  new  facts  of  interest,  and  arrived  at  some  conclusions  dif- 
ferent from  jours,  which  I  take  this  opportunity  to  communicate  to  you* 

The  part  in  the  Miamia  which  I  believe  represents  the  bead  is  an  ob- 
scurely defined  portion  in  front  which  you  regarded  as  the  anterior  femur 
and  which  I  at  first  supposed  it,  until  my  attention  was  .directed  to  the 
diminutive  «ize  ^f  .the  prothorax  (only  half  the  width  of  the  rest  of  Uie 
thorax);  for  a  raptatorial,  or  any  di^proportionally  large,  lore-femur 
would  require  a  proUiocax  of  at  least  the  uze  of  the  mesothorax  or 
metathorax,  bearine,  as  they  do  in  this  case,  wings 'Of  such  a  feeble  type. 
The  right  posterior  ^border  of  the  head  is  not  represented  in  the  drawing 
given,  and  is  quite  indistinct,  but  forms  a  regular  outline  of  exact  sym- 
metry with  the  oji^posite.  The  middle  and  hind  .femora  and  tibie  are 
quite  distinct,  but  .unfortunately  we.oannot  see  the  beatl  terminations  of 
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the  femora,  and  do  not  know  how  far  they  may  be  removed  from  their 
natoral  ooanectioa  with  the  body ;  and  since  the  tarsi  are  wanting  we 
are  unable  to  tell  whether  the  tibife  are  docked,  or  whether  we  actoally 
Tiew  the  extremity,  although  the  latter  is  probably  the  case. 

The  head  appears  to  have  an  ovoidal  outline,  and  on  either  side  there 
are  depressions — that  on  the  left  very  distinct — which  are  apparently  the 
positions  of  the  elongate  prominent  eyes ;  and  there  are  also  faint  indi- 
cations of  antennsB  tiucing  their  rise  at  the  usual  point 

In  Uie  HemerisUa,  with  the  exception  of  a  fragment  of  a  femur  quite 
like  that  of  Mimmia^  of  which  no  representation  is  attempted  to  be  given 
in  your  cut,  we  have  only  a  portion  of  the  four  wings  preserved.  That 
we  have  more  than  a  single  wing  is  evident  from  the  symmetry  of  ihe 
two  sides  of  the  fragments,  and  the  regular  intersection  of  the  nervuree 
from  either  side.  In  point  of  fact,  we  nave  in  this  case  four  completely 
overlapping  wings  in  an  attitude  of  repose,  so  perfectly  transparent,  and 
provided  with  such  strong  nervures  and  cross-veins,  that  those  of  each 
wing  Are  visible  in  some  portion  of  the  fragment,  forming  thus  a  very 
confusing  and  almost  inextricable  mass  of  veins  crossing  and  connected 
with  one  another  in  a  most  perplexing  manner ;  moreover,  the  principal 
portions  of  the  apex  of  the  wings  are  broken  off,  the  basal  portions  un- 
dtstinguiskable,  and  no  portion  of  any  one  of  the  wings  present  in  place 
except  a  very  short  piece  of  the  anterior  border  of  one,  which  fortunately 
is  at  the  most  important  curve;  neither  have  we,  apart  from  the  direction 
and  position  of  the  nervures  themselves,  any  means  of  determining 
whether  the  upper  or  under  surface  of  the  insect  is  presented  to  us,  the 
abdomen  being  absent,  or  at  least  invisible.  It  is  nevertheless  possible  to 
decide  that  the  upper  surface  of  the  insect  is  uppermost ;  that  the  right 
anterior  wing  overlaps  the  left  anterior  wing ;  and  to  reconstruct  the  en* 
tire  anterior  wing  with  but  little  doubt  attaching  to  its  exact  form  and 
the  direction  of  the  nervures,  and  to  point  out  the  principal  and  most 
eharaoteristic  differences  between  the  neuration  of  the  anterior  and  pos- 
terior wing. 

The  details  I  have  presented  in  fiill  in  a  paper  read  before  the  Boston 
Society  of  Natural  Histonr  which  will  soon  be  published  in  their  Memoirs. 

From  the  £scts  which  I  have  observed,  I  am  enabled  to  determine  with 
conaderable  precision  the  relation  of  these  insects  to  the  Nenroptera. 

In  the  paper  referred  to  I  have  discussed  this  question  fully,  and  I  will 
here  give  but  a  brief  statement  of  my  results.  I  am  satisfied  that  the 
direction,  mode  of  branching,  and  the  amount  and  position  of  the  space 
occupied  by  the  principal  nervures  of  the  wings  form  most  satisfactory 
bases  lor  the  distinction  of  families  in  this  group  of  Neuroptera,  characters 
upon  which  no  systematist  appears  hitherto  to  have  relied,  and  to  which 
none  have  invited  any  attention,  except  it  be  Burmeister,  whose  treat- 
ment of  it  appears  to  have  been  partial,  not  altogether  accurate,  and  ex* 
hibits  a  tendency  to  exaggerate  the  value  of  unimportant  characters  to 
the  exclusion  of  those  of  more  weighty  significance.  Heer,  however,  in 
his  work  on  the  fossil  insects  of  (Eningen  d^c,  has  distinguished  the  Ter- 
mitina  by  characters  of  this  sort  in  a  proper  manner,  and  it  is  to  be  se* 
gretted  that  he  should  not  have  extended  his  studies  to  other  families. 

From  the  wing-characteristics  we  learn  that  the  Miamia  and  the  Hem- 
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eristia  belong  to  distinct  families,  and  that  neither  of  them  can  be  refer- 
red to  any  family  of  known  living  tpyes,  although  resembling  in  certain 
features  sometimes  one,  sometimes  another,  of  these  families;  and  it  is 
most  interesting,  in  this  connection,  to  find  that  the  families,  from  which 
these  peculiarities  are  borrowed,  belong,  some  to  the  Neuroptera  proper, 
and  some  to  the  so-called  Pseudoneuroptera  (classed  by  some  authoi* 
with  the  Orthoptera),  so  that  the  fosail  forms  unquestionably  represent  a 
synthetic  Neuropterous  type,  uniting  in  one  and  the  same  group  features 
of  wing-structure  found  existing  by  themselves  only  in  Neuropterous 
groups  widely  separated.  We  are  strongly  fortified  in  this  view  by  the 
other  portions  of  the  insect  in  the  Miamia.  In  the  abdomen,  mesotho- 
rax  and  metathorax,  we  are  strongly  reminded  of  CJorydalis,  one  of  the 
Bialina,  a  Neuropterous  family;  while  in  the  head  and  prothorax,  to- 
gether with  the  flattened  leg^,  we  have  features  which  are  quite  charac- 
teristeric  of  the  Perlins,  a  member  of  the  Pseudoneuroptera ;  their  com- 
bination, however,  we  find  only  in  the  family  to  which  the  Miamia  be- 
longs. So  far  as  the  small  fragments  of  femora  and  tibiee  in  the  Heme- 
ristia  tell  us  anything,  they  indicate  a  close  affinity  with  the  Miamin,  so 
close  indeed,  that  it  appears  highly  probable  that  in  characters  apart 
from  those  drawn  from  the  structure  of  the  wing  we  shall  find,  as  in 
Miamia,  a  relationship  with  the  Neuropterous  and  Pseudoneoropterons 
types. 

For  these  two  synthetic  families,  I  would  popose  the  names  of  Paub- 
OPTEBiNA  and  Hbmbribtina. 

In  the  Pcdofopterina  we  have  a  body  rather  broad  and  depressed,  the 
head  horizontal,  the  legs  compressed,  not  long,  the  wings  large,  very 
regularly  rounded,  the  two  pairs  equal,  extending  beyond  the  abdomen, 
and  when  at  rest  overlapping  one  another  horizontally  above  it  in  a 
loose  manner.  In  the  wines  the  first  nervure  is  continuous  as  in  all  other 
families  except  Odonata ;  the  second  impinges  upon  the  third  in  the  outer 
half  of  the  wmg;  the  third  branches  in  the  middle  third  of  the  wing  at  a 
very  slight  angle,  the  lower  branch  rebranching ;  the  (ourth,  running  in 
close  contiguity  to  the  previous  one,  branches  near  the  division  of  the 
third ;  these  four  nervures  occupy  the  anterior  half  of  the  wing ;  the 
fifth  forks  near  but  below  the  branching  of  the  previous  ones,  its  upper 
fork  continually  reforking,  the  branches  so  formed  sometimes  connected 
by  distant  cross-veins  with  one  another,  or  with  the  lower  branch  of  the 
fourth  nervure ;  the  sixth  occupies  about  as  much  space  as  the  fifth  and 
is  made  up  of  a  number  of  branches  which  fork  near  the  base  and  fill  the 

Sace  with  approximate  nervules  running  parallel  to  the  lower  branch  of 
e  fifth.    The  wings  are  feeble  and  the  nervures  delicate,  as  in  Ephem- 
erina. 

In  the  Hemerisiina  the  first,  second  and  thiid  nervures  run  nearly  par- 
allel to  one  another  throughout  their  course;  the  third  sends  out  a  branch 
at  the  extremity  of  the  basal  third  of  the  wing  at  a  considerable  angle, 
which  soon  curves  upward  and  runs  nearly  parallel  to  the  main  stem, 
sending  out  from  its  lower  side  several  branches;  these  three  nearly  oo- 
cupy  the  anterior  half  of  the  wing ;  the  fourth,  after  running  in  contigu- 
ity with  the  third,  diverges  widely  from  it  and  forks  below  the  brandling 
of  the  third ;  the  fifth,  running  parallel  to  the  previous,  forks  very  nar- 
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rowly  near  the  baae,  the  upper  fork  again  forking  in  a  umilar  manner, 
and  the  lower  emitting  branches  from  its  under  side ;  the  sixth  is  proba- 
bly nearly  as  in  the  Palaeopterina,  though  but  little  remains  of  it.  The 
wings  overlap  one  another  very  completely,  are  twice  as  broad  in  the 
middle  as  at  the  base,  strong,  the  nervures  prominent,  and  connected 
throughout  by  frequent  and  strong,  generally  straight,  cross-veins.  Th« 
legs  are  broad  and  compressed. 

The  characters  here  given  are  su£Scient  to  distinguish  these  families 
from  any  others  now  known  among  the  Neuroptera. 

In  concluding  I  take  pleasure  in  apprising  you  that  in  the  still  older 
forms  of  insects  that  have  been  discovered  by  Mr.  C.  F.  Hartt  in  the  De- 
vonian strata  of  New  Brunswick  are  represented  other  hitherto  unknown 
families  of  Neuroptera,  some  of  which  exhibit,  in  even  more  striking  a 
manner  than  your  specimens,  combinations  of  structure  borrowed  from 
families  of  the  two  great  sections.  One  is  a  gigantic  member  of  the  fam- 
ily fiphemerioa ;  v^bile  the  most  interesting  of  all  is  a  wing  which  appears 
to  blend  the  peculiar  structure  of  the  stridulating  apparatus  of  the  male 
in  some  Orthoptera,  with  the  general  mode  of  neuration  of  the  winga 
holding  in  the  Neuroptera,  carrying  the  synthesis  one  step  farther  back. 

Boston  Society  of  Natural  History,  Jan.  80,  1860. 

6.  Paleontology  of  the  Upper  Missouri.  A  Report  upon  collections 
made  principally  by  the  Expeditions  under  the  command  of  Lieut.  G.  K. 
Warren,  U.  8.  Top.  Engrs.  in  1856  and  1856.  Invertebrates,  by  F.  B. 
Mbek  and  F.  V.  Hatdbn,  M.D.;  Part  I,  136  pp.  4to,  with  five  plates; 
1865.  (Smithsonian  Contributions  to  Knowledge;  accepted  for  publica- 
tion May,  1864.) — To  Messrs.  Meek  and  Hayden  we  are  indebted  for  a 
large  part  of  all  our  accurate  knowledge  of  the  geology  and  paleontology 
of  the  eastern  slope  of  the  Rocky  Mountains.  Both  have  explored  por- 
tions of  the  region,  but  Hayden  much  the  most  extensively ;  while  the 
determination  of  the  fossils  collected  and  the  working  up  of  the  paleon- 
tology is  mainly  the  labor  of  Mr.  Meek.  The  volume  on  the  paleontol- 
ogy, just  issued  under  the  auspices  of  the  Smithsonian  Institution,  takes 
up  the  fossils  of,  (1)  the  Potsdam  or  Primordial  period,  (2)  the  Carbon- 
iferous, (3)  the  Permian,  and  (4)  the  Jurassic.  A  second  part  of  larger 
size,  will  contain  the  Cretaceous  fossils,  and  a  third  the  Tertiary.  The 
work  is  not  a  mere  description  of  fossils  with  figures ;  but  besides  full  de- 
scriptions, it  contains  a  thorough  discussion  of  the  zoological  characters 
and  affinities  of  the  species,  their  synonymy,  and  their  stratigraphical  and 
geographical  relations.  The  synonymy  has  become  greatly  confused, 
and  particularly  so  for  this  western  region,  through  the  hasty  work  of 
explorers ;  and  it  is  of  great  importance  to  the  science  that  the  subject 
should  have  been  so  thoroughly  followed  out  through  all  its  intricacies. 
The  plates  are  handsomely  lithographed  from  the  careftil  drawings  of 
Mr.  Meek.  The  country  owes  much  to  the  Smithsonian  Institution  for 
the  publication  of  works  illustrating  American  history ;  and  those  relating 
to  its  ancient  progress  through  the  geological  ages  are  not  the  least  valu- 
able among  them. 

7.  Arehceopteryx, — On  one  of  the  two  slabs  from  Solenhofen  contain- 
ing remains  of  the  Archseopteryx,  there  is  ^'a  crescent  shaped  protuber- 
ance *'  which  is  pronounced  by  Mr.  Evans,  in  an  article  in  the  Natural 
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History  Review  for  June,  to  have  been  due  to  the  remabt  of  the  Crtad- 
um  of  the  Archsopteryx,  and  even  the  form  of  the  brain  cavity  and  po- 
sition of  the  brain — both  ornithic  in  character,  are  supposed  to  be  made 
out  There  is  also  on  the  principal  slab  a  small  V-shaped  object,  the 
longer  limb  of  which  is  1^  inches  long,  made  partly  of  mmeralixed  bone 
and  partly  of  the  same  bones  that  occur  on  the  counterpart  slab.  Along 
side  of  it  there  are  impressions  of  four  teeth.  These  teeth  may  be  the 
teeth  of  the  Archseopteryx,  if  not  of  some  other  animal  whose  reroaios 
lie  buried  in  the  same  rock.  H.  von  Maver  has  examined  the  teeth  and 
observes  that  he  has  not  before  seen  teeth  of  the  same  kind  in  the  litho- 
graphic stone ;  and  that  they  are  most  like  the  teeth  of  his  family  of 
Acro8auru8. 

8.  Documents  mr  les  trembUmenta  de  terre  et  les  pkenomenea  voUanr 
iques  dana  VArchipel  des  Kourilea  et  an  Kamtschatka ;  par  M.  Alszis 
Pkrbet.  166  pp.,  large  8vo.  (From  the  publications  of  La  Soc 
Imp.  d* Agriculture,  d'Hist.  Nat.  et  des  Arts  utiles  de  Lyon,  July  17, 
1868). — rrof.  Perrey  gives  in  this  memoir  a  very  full  review  of  all  that 
is  known  with  respect  to  the  volcanos  and  earthquakes  of  the  Eurile 
Islands  and  Kamtschatka.  He  quotes  at  length  from  a  memoir  by  K. 
von  Dittmar,  in  Petermann's  Geogr.  Mittheilungen,  1860,  on  the  latter 
region,  giving  descriptions  of  12  active  and  22  extinct  volcanos  in  east- 
ern Kamtschatka  and  6  extinct  in  western,  besides  many  hot  sprioffs. 
Dittmar  states,  in  conclusion,  that  volcanic  activity  commences  to  the 
north  near  the  parallel  of  62®,  but  is  apparent  there  only  in  hot  springs. 
The  first  volcanos  occur  between  the  parallels  of  58®  and  67®,  and  these 
are  extinct.  57®  is  the  beginning  of  the  long  line  of  volcanos  (the 
**  Almontes  **)  which  continues  to  the  southern  extremity  of  the  peninsula, 
and  extends  on,  in  the  Kuriles,  even  to  Japan.  The  active  vents  are 
most  thickly  grouped  between  54®  and  55®,  and  the  hot  springs  about 
the  53d  parallel.  The  solfataras  and  the  deposits  of  sulphur  occur  along 
the  whole  volcanic  line  from  62®  to  southern  Kamtschatka,  beine  situated 
in  the  old  craters  or  near  hot  springs.  On  the  western  side  of  uie  penin- 
sula there  are  only  a  few  volcanos,  and  these  are  extinct  Prof.  Perrey 
cites  from  other  memoirs  numerous  details  of  interest  connected  with  the 
eruptions  of  the  volcanos,  and  the  earthquakes  of  the  peninsula. 

9.  Extrait9  de  Geologie^  pour  let  annSea,  1862-1868;  par  M.  Dblissb, 
Ingenieur  en  chef  des  Mines.  1 50  pp.  8vo.,  Paris.  (From  the  Annales  des 
Mines,  vol.  vi,  1864). — In  this  review  of  progress  in  geological  science, 
which  has  been  continued  now  for  some  years  by  Mr.  Delesse,  the  author 
does  not  attempt  to  include  paleontology  and  stratigraphical  geol<^; 
but,  being  prepared  for  the  Annales  des  Mines,  the  Government  Mining 
Journal  of  France,  it  enters  fully  into  the  subjects  of  lithology — that  is, 
the  nature  and  composition  of  rocks  and  rock  materials,  mineral  waters, 
alluvium,  meteorites,  etc.,  dwelling  at  length  on  metalliferous  rocks  and 
the  various  mining  regions  recently  developed  and  their  metallic  veins; 
and  also  dynamical  geology,  including  whatever  relates  to  the  alteration 
and  decomposition  of  rocks  or  their  ores  or  other  mineral  constituents,  to 
metamorphism,  and  to  the  origin  of  rocks  and  the  earth's  genoral  feataret. 
This  Annual  Report  will  be  found  of  great  interest  to  both  the  theoreti- 
cal and  mining  geologist 
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10.  Earthquake  in  the  Mississippi  Valley. — On  the  I7th  of  last  Au- 
gtist,  at  9  oVlock  A.  M.,  an  earthquNke  was  felt  in  the  Mississippi  valley,  at 
Holly  SpringH,  Oxford,  and  Grenada  in  Mississippi,  Memphis  and  La- 
grange in  Tennessee,  St.  Louis  in  Missouri,  and  Cairo  in  Illinois,  How 
fsiT  beyond  these  limits  it  extended  we  have  not  yet  learned.  At  Mem* 
phis  the  shock  lasted  about  ten  seconds,  and  was  severe  enough  to 
tumble  down  chimnies,  upset  loose  articles,  and  cause  the  people  to  run 
out  of  their  houses.  It  is  reported  to  have  been  most  severe  at  Holly 
Springs,  Mississippi,  and  Lagrange,  Tennessee. 

11.  Geological  Survey  of  Nevada. — Mr.  R.  H.  Strbtoh,  of  Virginia 
City,  we  are  informed,  has  been  appointed  State  Geologist  of  Nevada,  in 
conformity  with  the  provisions  of  the  Act  passed  last  winter  by  the  Leg- 
islature of  this  new  State. 

* 
III.  BOTANY  AND  ZOOLOGY. 

1.  The  Tennessee  Yellow- Wood  {Cladrastis  /tttea).— One  of  the  very 
handsomest  of  our  ornamental  trees  has  this  summer  flowered  finely  in 
the  south  of  England,  as  we  learn  from  the  Gardener's  Chronicle, — the 
tree  ''completely  covered  with  long  drooping  branches  of  pure  white 
flowers,  many  of  them  nearly  eighteen  inches  in  length  and  from  ten  to 
twelve  inches  wide  at  the  shoulders.  The  foliage,  being  of  a  lively  green, 
contrasted  favorably  with  the  pure  white  blossoms.  It  is  also  nicely 
scented.'*  An  unusually  warm  summer  has  for  once  brought  this  tree 
well  into  blossom  in  England.  Even  here  it  blossoms  copiously  only  every 
other  year ;  this  year  it  did  so  to  perfection,  owing  to  the  heat  and  dry- 
ness of  last  season  and  the  very  favorable  spring  of  the  present  year. 
The  fine  large  tree  in  the  Cambridge  Botanic  Garden  was,  as  it  were, 
veiled  with  white,  and  many  of  the  graceful  pendent  clusters  were  fully 
two  feet  in  length.  ^  ▲.  o. 

2.  Welwitschia  mtrfi6i7t>,  Hook.,  fil. — Some 'account  of  this  very 
strange  vegetable,  and  of  the  interesting  memoir,  in  the  Linnaan  Trans^ 
actions,  in  which  Dr.  Hooker  made  it  known  to  the  botanical  world,  was 
given  in  our  vol.  xxxvi,  for  Nov.  1863.  Through  the  great  kindness  of 
Dr.  Hooker,  the  Herbarium  of  Harvard  University  has  recently  received 
a  fine  old  trunk  of  this  tree, — if  we  may  so  call  a  woody  plant  which, 
though  perhaps  a  century  old,  is  only  a  foot  or  two  in  height,  and  as 
broad  as  it  is  high,  and  never  had  any  other  foliage  than  the  primary 
pair  of  leaves,  the  cotyledons, — accompanied  by  the  cones  (for  it  is  a  sort 
of  coniferous  tree),  both  dry  and  in  alcohol.  ▲.  a. 

3.  On  the  Movements  and  Habits  of  Climbing  Plants ;  by  Charles 
Darwin. — This  is  a  long  paper  read  before  the  Linnsean  Society  in  Feb- 
ruary last,  and  published  in  its  Journal,  where  it  fills  120  pages  of  the 
double  number,  33  and  34,  issued  in  June.  The  investigations  which  it 
records  were  made,  we  believe,  during  a  period  when  the  author's  ordi- 
nary scientific  labors  were  interrupted  by  illness, — as  was  no  less  the  case 
with  respect  to  his  former  papers  on  Dimorphous  and  Trimorphous  Flow- 
ers and  his  volume  on  the  Fertilization  of  Orchids  by  the  aid  of  Insects. 
Of  these  works  and  of  the  present, — side-issues  as  they  are, — it  may 
fairly  be  said,  that  they  show  a  genius  for  biological  investigation,  and 
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a  power  of  turning  common  materials  and  ordinary  observations  to  high 
scientific  account,  which,  if  equalled,  have  not  been  surpassed  sinoe  the 
days  of  Hunter  and  Charles  Bell.  This  will  be  the  opinion  equally,  we 
suppose,  of  those  who  favor  and  of  those  who  dislike  Mr.  Darwin's  the- 
ory of  the  gradual  transformation  of  specific  forms  through  natural  selec- 
tion, upon  which,  indeed,  ail  these  collateral  researches  have  a  bearing, 
direct  or  incidental.  In  the  present  case  the  bearing  is  obvious.  The 
gradual  acquisition  by  certain  plants  of  advantageous  peculiarities  is  in- 
ferred from  the  gradation  of  forms  and  functions.  Properties  and  pow- 
ers which  are  latent  or  feebly  developed  in  most  plants  are  taken  advan- 
tage of  by  some,  made  specially  useful,  and  enhanced  from  generation 
to  generation.  Tendril-bearing  plants,— -the  mo9t  specialized  in  strucfure 
and  the  mo^t  exquisitely  adapted  to  the  end  in  view, — are  supposed  to 
have  been  derived  from  lea^limbers,  and  these  in  turn  from  simple 
twiners. 

The  author  states  that  he  was  led  to  this  subject  by  a  brief  note,  com- 
municated to  the  American  Academy  in  the  summer  of  1858,  (and  re- 
printed in  this  Journal,)  in  which  the  writer  of  the  present  notice  record- 
ed  his  observation  of  the  coiling  of  certain  tendrils  by  a  visible  move- 
ment promptly  following  an  extraneous  irritation.  Mr.  Darwin's  obser- 
vations were  more  than  half  completed  before  he  became  aware  that  the 
spontaneous  revolution  of  the  stems  and  of  some  tendrils  of  climbing 
plants  had  been  observed  and  recorded  alnuHt  40  years  ago,  and  nearly 
at  the  same  time,  by  Palm  and  by  von  Mohl,  and  had  been  the  sub- 
ject of  two  memoirs  by  Dut rochet,  published  more  than  twenty  years 
ago.  But  the  mode  in  which  the  free  and  growing  end  of  a  stem  sweeps 
around  seems  not  to  have  been  previously  well  made  out,  having  been 
more  or  less  confounded  with  the  torsion  of  the  axis  which  many  twining 
stems,  such  as  the  Hop  and  the  Morning  Glory,  are  apt  to  undergo.  It 
is  plain  to  see,  however,  that  many  stems  which  revolve  do  not  twist  at 
all ;  and  those  that  do  never  could  twist  on  their  axis  at  every  revolution 
without  speedy  destruction, — indeed  usually  do  not  twist  until  they  have 
ceased  revolving.  Every  one  must  have  noticed  that  the  growing  extrem- 
ity of  a  Hop,  Convolvulus,  or  other  twiner,  when  unsupported,  hangs 
over  or  stretches  out  horizontally  to  one  side.  But  it  is  not  so  wed 
known  that  this  outstretched  portion,  while  at  the  proper  age,  is  contin- 
ually sweeping  round,  in  circles  widening  as  it  grows,  and  always  in 
the  same  direction,  in  search  of  some  object  round  which  to  twine.  The 
Hop  revolves  with  the  sun ;  the  Convolvulus,  Bean  {Phtueoltu)  db&, 
against  the  sun,  that  is,  in  the  same  directions  that  they  twine.  Two  or 
three  interned es  are  usually  revolving  at  the  same  time.  Mr.  Darwin  ob* 
served  thirty-seven  re%'olutions  in  oneinternodeof  aHop, — the  first  revolo- 
tion  made  in  about  24  hours,  the  second  in  9  hours,  the  third  and  the  follow- 
^g  ones  up  to  the  eighth  in  a  little  over  3  hours  each.  "The  shoot  had 
tovr  grown  d(  inches  in  length,  and  carried  at  iU  extremity  a  young  in- 
ternode  an  inch  in  length,  which  showed  slight  changes  in  its  curvature. 
The  next  or  ninth  revolution  was  effected  in  2  hours  and  30  minutes. 
From  this  time  forward  the  revolutions  were  easily  observed.  The  thir^- 
sixth  revolution  was  performed  at  the  usual  rate ;  so  was  the  last  or 
thirty-seventh,  but  it  was  not  quite  completed ;  for  the  internode  abruptly 
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became  wpriglit,  and,  after  moving  to  the  center  became  motionless.  I 
tied  a  weight  to  its  upper  end,  so  as  slightly  to  bow  it,  and  thus  to  detect 
anj  movement ;  but  there  was  none.  Some  time  before  the  last  revolu- 
tion the  lower  part  of  the  internode  had  ceased  to  move It 

moved  during  five  days;  but  the  more  rapid  movement  aflisr  the  third 
revolution  lasted  during  three  days  an^  twenty  hours.  The  regular  rev- 
olutions from  the  9th  to  the  d6di  inclusive,  were  performed  at  the  aver- 
age rate  of  2  h.  81  m^  The  weather  was  cold,  and  this  affected  the  tem- 
perature of  the  room^  especially  during  the  night,  and  consequently 
retarded  a  little  the  rate  of  movement  ....  After  the  seventeenth 
revolution  the  internode  had  grown  from  If  to  6  inches  in  length,  and 
carrried  an  internode  1|- inith  long,  which  was  just  perceptibly  moving; 
and  this  carried  a  very  minute  ultimate  internode.  After  the  2l8t  revo- 
lution the  penultimate  internode  was  2i  inches  long,  and  probably  re- 
volved in  a  period  of  about  three  hours.  At  the  27th  revolution  our 
lower  internode  was  8f,  the  penultimate  9\,  and  the  ultimate  2^  inches 
in  length;  and  the  inclination  of  the  whole  shoot  was  such  that  a  circle 
19  inches  in  diameter  was  swept  by  it.  When  the  movement  ceased  the 
lower  internode  was  9  and  the  penultimate  6  inches  in  length ;  so  that, 
from  the  27th  to  the  37th  revolutions  inclusive,  three  internodes  were  at 
the  same  time  revolving." — (pp.  3,  4.) 

The  shoots  of  many  climl»erft  sweep  their  circles  more  rapidly  than  the 
Hop, — the  common  Pole  Bean  {Pkcueolus  vulgaris)  in  ratlier  less  than 
two  hours.  Convolvuluses  of  various  species  in  the  same  time  or  rather 
less;  while  more  woody  stems  naturally  move  more  slowly,  some  requir- 
ing from  24  to  50  hours  for  each  revolution.  But  the  thickness  or  tex- 
ture of  the  shoot  does  not  govern  the  rate,  many  slender  shoots  moving 
slower  than  some  stout  ones,  and  some  ligne&cent  quicker  than  other 
purely  herbaceous  ones.  The  movement  appears  to  be  acceleratni,  up  to 
a  certain  point,  by  raising  the  temperature,  or  rather  is  retarded  by  low- 
ering it ;  but  while  the  conditions  are  nearly  the  same,  the  rate  is  often 
remarkably  uniform.  The  quickest  rate  of  revolution  of  a  proper  stem 
eWrved  by  Mr.  Darwin  was  that  of  a  Scypkranthus,  in  77  minutes. 
When  the  light  comes  from  one  side,  the  semicircle  towards  the  light  is 
usually  described  in  less  time,  often  in  less  than  half  the  time,  of  that 
from  the  light  The  tendency  of  young  stems  to  turn  toward  the  light  is 
here  active  as  usual,  but  is  overcome  by  a  superior  force.  1'he  end  of  the 
shoot  describes  circles  or  broad  ellipses,  or  else,  from  insufficient  power 
or  mechanical  disadvantages^  narrow  ellipses,  semicircles,  or  irregular  fig- 
ures. A  horizontal  shoot  of  considerable  length  will  thus  be  found,  not 
unfrequently,  to  sway  from  side  to  side  in  a  semicircular  course,  while 
the  extreme  internodes  are  making  complete  revolutions. 

A  striking  illustration  of  the  amount  of  space  that  may  be  swept  over 
is  afforded  by  a  case  in  which  Mr.  Darwin  allowed  the  top  of  a  Ceropegia 
to  grow  out  almost  horizontally  to  the  length  of  31  inches, — three  long  inter- 
nodes terminated  by  two  short  ones.  The  whole  revolved  at  rates  be- 
tween 6^  and  6f  hours  for  each  revolution,  the  tip  sweeping  a  circle  of 
above  five  feet  in  diameter  and  16  feet  in  circumference,  travelling  there- 
fore at  the  rate  of  at  least  32  inches  per  hour.  "  It  was  an  interesting 
spectacle  to  watch  the  long  shoot  sweeping,  night  and  day,  this  grap^ 
circle,  in  search  of  aoine  object  ground  ^ich.ito  twine," 
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As  to  tbe  nature  of  this  revolving  movement,  Mr.  Darwin  clearly  shows 
that  it  is  not  a  torsion  of  the  axis,  but  a  successive  bending  [similar  to 
that  by  which  ordinary  stems  l>end  toward  the  light],  the  direction  of 
which  is  constantly  and  uniformly  changing.  *'  If  a  colored  streak  be 
painted  (this  was  done  with  a  large  number  of  twining  plants)  along,  we 
will  say,  the  convex  line  of  surface,  this  colored  stie^  will,  after  a  time 
depending  on  the  rate  of  revolution,  be  found  to  lie  along  one  side  of 
the  bow,  then  along  the  concave  side,  then  on  the  opposite  side,  and, 
lastly,  again  on  the  opposite  convex  surface.  This  clearly  proves  that 
tbe  internodes,  during  the  revolving  movement,  become  bowed  in  every 
direction.  The  movement,  is,  in  fact,  a  continuous  self-bowing  of  the 
whole  shoot,  successively  directed  to  all  points  of  the  compass.**  It  is 
an  automatic  movement,  of  the  same  character  as  those  which  these  and 
other  parts  of  plants  effect  in  changing  position  or  direction^  sometimes 
slowly  and  sometimes  with  a  visible  motion.  The  movement  may  be 
likened  in  one  case  to  that  of  the  hour-hand  or  the  minute-hand  of  a 
clock,  in  the  other  to  the  second-hand,  but  in  both  is  as  truly  a  vital 
movement  as  is  the  contraction  of  an  involuntary  muscle.  It  must  be 
effected — as  Mr,  Darwin  recognizes — either  by  the  contraction  of  the  cells 
on  the  concave  side,  or  by  the  turgescence  and  elongation  of  those  on  the 
convex  side  of  the  internode,  or  by  both, — probably  the  former,  as 
various  facts  go  to  show ;  but  questions  of  that  kind  are  not  investigated 
in  the  present  essay. 

No  differences  in  this  regard  are  observable  in  the  behavior  of  exogen- 
ous or  endogenous  stems,  or  even  of  those  of  climbing  Ferns.  Lygodium 
icandem^  according  to  Darwin,  revolves  like  other  twiners;  it  completes 
its  revolutions  in  six  hours,  or  on  a  very  hot  day  in  five  (moving  against 
the  sun,  which  is  much  the  commoner  case) ;  this  is  about  the  average 
rate  of  Pluenogamous  twiners,  like  which  it  comports  itself  in  all  re- 
spects. Our  own  Z«  palmatum^  we  find,  revolves  in  the  same  way,  in 
about  four  tours,  the  temperature  being  76®  Fahr. 

The  power  of  revolving  depends,  of  course,  upon  the  general  health 
and  vigor  of  the  plant,  and  upon  the  age  of  the  shoot,  is  retarded  by 
lowering  the  temperature,  is  interrupted  by  any  considerable  disturbance, 
such  as  exposure  to  cold  or  to  much  jarring ;  carrying  the  plant  from  one 
place  to  another,  or  cutting  off  a  shoot  and  placing  it  in  water,  stops  the 
movement  for  a  time,  just  as  it  does  the  more  vivid  automatic  movement 
of  De$mQdium  gyrann.  But  each  internode  is  so  independent  that  cut- 
ting off  an  upper  one  does  not  affect  the  revolutions  of  the  one  beneath. 
Twining  stems  are  far  from  being  insensible  to  the  action  of  light  (as 
Mohl  supposed),  the  half- revolution  towards  the  light  being  not  uncom- 
monly twice  faster  than  that  from  it ;  but  as  the  rate  of  revolution  by 
day  and  by  night  is  nearly  the  same,  the  one  half  of  the  circuit  is  accel- 
erated just  as  much  as  the  other  is  retarded.  This  influence  of  the  light 
is  quite  remarkable  when  we  consider  the  slenderness  of  most  revolving 
internodes,  the  small  surfaces  they  expose,  and  that  their  leaves  are  little 
developed. 

The  design,  as  we  must  terra  it,  of  this  revolving  of  the  end  of  twin- 
ing stems  is  obvious,  and  usually  effectual.  Such  stems,  even  when  no 
supporting  otgect  is  within  Xheir  j-each,  will  xeach  each  ^>ther,  wA  by  twin- 


Digitized  by  VjOOQ  IC 


Botany  and  Zoology,  ST7 

mg  together  make  r  routoal  etipport,  from  which,  as  they  lengthen, 
they  may  reach  yet  farther.  The  connection  of  the  revolving  with  twin- 
ing is  obvious,  though  the  latter  is  not  a  necessary  consequence ;  for 
many  stems  revolve  which  do  not  twine,  but  o!imb  in  some  other  way. 

*'  When  at  last  the  [revolving]  shoot  meets  with  a  support,  the  motion 
at  the  pokit  of  contact  is  necessarily  arrested,  but  the  free  projecting*part 
goes  on  revolving.  Almost  immediately  another  and  upper  point  of  the 
shoot  is  brought  into  contact  wiih  the  support  and  is  arrested ;  and 
so  onward  to  the  extremity  of  the  shoot;  and  thus  it  winds  round  its 
supporL  When  the  shoot  follows  the  sun  in  its  revolving  course,  it 
winds  itself  round  the  support  from  right  to  left,  the  support  being  sup- 
posed to  stand  in  front  of  the  beholder ;  when  the  shoot  revolves  in  an 
opposite  direction,  the  line  of  winding  is  reversed.  As  each  internode 
loses  from  age  its  power  of  revolving,  it  loses  its  power  of  spirally  twining 
round  a  support.  If  a  man  swings  a  rope  round  his  head,  and  the  end 
hits  a  stick,  it  will  coil  round  the  stick  according  to  the  direction  of  the 
swinging  rope ;  so  it  is  with  twining  plants,  the  continued  contraction  or 
turgescence  of  the  cells  along  the  free  part  of  the  shoot  replacing  the 
momentum  of  each  atom  of  the  free  end  of  the  rope. 

*' All  the  authors,  except  von  Mohl,  who  have  discussed  the  spiral  twin* 
ing  of  plants  maintain  that  such  plants  have  a  natural  tendency  to  grow 
spirally.  Mohl  believes  (S.  112)  that  twining  stems  have  a  dull  kind  of 
irritability,  so  that  they  bend  toward  any  object  which  they  touch. 
Even  before  reading  MoliPs  interesting  treatise,  this  view  seemed  to  me  so 
probable  that  I  tested  it  in  every  way  that  I  could,  but  always  with  neg- 
ative results.  I  rubbed  many  shoots  much  harder  than  is  necessary  to 
excite  movement  in  any  tendril  or  in  any  foot-stalk  of  a  leaf-climber,  but 
without  result  I  then  tied  a  very  light  forked  twig  to  a  shoot  of  a  Hop, 
a  Ceropegia^  Sphatrostema^  and  Adhatoda^  so  that  the  fork  pressed  on  one 
side  alone  of  the  shoot  and  revolved  with  it ;  I  purposely  selected  some 
very  slow  revolvers,  as  it  seemed  most  likely  that  these  would  profit  from 
possessing  irritability ;  but  in  no  case  was  any  effect  produced.  More- 
over, when  a  shoot  winds  round  a  support,  the  movement  is  always 
slower,  as  we  shall  immediately  see,  than  whilst  it  revolves  freely  and 
touches  nothing.  Hence  I  conclude  that  twining  stems  are  not  irritable ; 
and  indeed  it  is  not  probable  that  it  should  be  so,  as  nature  always  econ- 
omizes her  means,  and  irritability  would  be  superfluous.  Nevertheless  I 
do  not  wish  to  assert  that  they  are  never  irritable;  for  the  growing  axis 
of  the  leaf-climbing,  but  not  spirally  twining,  Lophotpermum  scandens 
is,  as  we  shaJl  hereafter  see,  certainly  irritable ;  but  this  case  gives  me 
confidence  that  ordinary  twiners  do  not  possess  this  quality,  for  directly 
after  putting  a  stick  to  the  Lophospermum,  I  saw  that  it  behaved  differ- 
ently from  any  true  twiner  or  any  other  leaf-climber. 

*'The  belief  that  twiners  have  a  natural  tendency  to  grow  spirally 
probably  arose  from  their  assuming  this  form  when  wound  round  a  sup- 
port, and  from  the  extremity,  even  whilst  remaining  free,  sometimes  as- 
suming this  same  form.  The  free  internodes  of  vigorously  growing 
plants,  when  they  cease  to  revolve,  become  straight,  and  show  no  ten- 
dency to  be  spiral ;  but  when  any  shoot  has  nearly  ceased  to  grow,  or 
when  the  plant  is  unhealthy,  the  extremity  does  occasionally  be^me  spi- 
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ral.  I  have  «een  this  in  a  remarkable  degree  with  the  ends  of  the  shoots 
of  the  Siauntonia  and  of  the  aiiiHl  Akebia^  which  became  closely  wound 
up  spirally,  just  like  a  tendril,  especially  after  the  small,  iU-fbrmed  leaves 
had  perished.  The  explanation  of  this  fact  is,  I  believe,  that  the  lower 
parts  of  such  terminal  iiiternodes  very  gradually  and  successively  lose 
their  power  of  movement,  whilst  the  portions  just  above  move  onward, 
and  in  their  turn  become  motionless ;  and  this  euds  in  forming  an  irr^- 
uUr  npire. 

"  When  a  revolving  shoot  strikes  a  stick,  it  winds  round  it  rather  more 
slowly  than  it  revolves.  For  instance,  a  shoot  of  the  Ceropegia  took  9  h. 
80  m.  to  make  one  complete  spire  round  a  stick,  whilst  it  revolved  in 
6  h.;  Aristolochia  giffos  revolved  io  about  5  h.,  but  took  9  h.  15  ra.  U> 
complete  its  spire.  This,  I  presume,  is  due  to  the  continued  disturbance 
of  the  moving  force  by  its  arrestment  at  each  successive  point ;  we  shall 
hereafter  see  that  even  shaking  a  plant  retards  the  revolving  movement. 
The  terminal  internodes  of  a  long,  much-inclined,  revolving  shoot  of  the 
Ceropegia,  after  they  had  wound  round  a  stick,  always  slipped  up  it,  so 
as  to  render  the  spire  more  open  than jt  was  at  first;  and  this  was  evi- 
dently due  to  the  force  which  caused  the  revolutions  being  now  almost 
freed  from  the  constraint  of  gravity,  and  allowed  to  act  freely.  With 
the  Wisteria^  on  the  other  hand,  a  long,  horizontal  shoot  wound  itself 
at  first,  in  a  very  close  spire,  which  remained  unchanged ;  but  subse- 

auently,  as  the  shoot  ffrew,  it  made  a  much  more  open  spire.  With  all 
le  many  plants  which  were  allowed  freely  to  ascend  a  support,  the  ter- 
minal internodes  made  at  first  a  close  spire;  and  this,  during  windy 
weather,  well  served  to  keep  the  shoots  in  contact  with  their  support ; 
but  as  the  penultimate  internodes  grew  in  length,  they  pushed  them- 
selves up  for  a  considerable  space  (ascertained  by  colored  marks  on  the 
shoot  and  on  the  support)  round  the  stick,  and  the  spire  became  more 
open. 

"  If  a  stick  which  has  arrested  a  revolving  shoot,  but  has  not  as  yet 
been  wound  round,  be  suddenly  taken  away,  the  shoot  generally  springs 
forward,  showing  that  it  has  continued  to  press  against  the  stick.  If  the 
stick,  shortly  after  having  been  wound  round,  be  withdrawn,  the  shoot 
retains  for  a  time  its  spiral  form,  then  straightens  itself,  and  again  com- 
mences to  revolve.  The  long,  much-inclined  shoot  of  the  Ceropegia  pre- 
viously alluded  to  offered  some  curious  peculiarities.  The  lower  and 
older  internodes,  which  continued  to  revolve,  had  become  so  stiff  that 
they  were  incapable,  on  repeated  trials,  of  twining  round  a  thin  stick, 
showing  that  the  power  of  movement  was  retained  after  flexibility  had 
been  lost.  I  then  moved  the  stick  to  a  greater  distance,  so  that  it  was 
struck  by  a  point  2^  inches  from  the  extremity  of  the  penultimate  inter- 
node  ;  and  it  was  then  neatly  wound  round  by  this  part  and  by  the  ulti- 
mate internode.  After  leaving  the  spirally  wound  shoot  for  eleven  hours, 
I  quietly  withdrew  the  stick,  and  in  the  course  cf  the  day  the  curled 
part  straightened  itself  and  re-commenced  revolving;  but  the  lower  and 
not  curled  portion  of  the  penultimate  internode  did  not  move,  a  sort  of 
hinge  separating  the  moving  and  the  motionless  part  of  the  same  inter- 
node. After  a  few  days,  however,  I  found  that  the  lower  part  of  this 
internode  had  likewise  recovered  its  revolving  power.    Theae  aeveral  fiicti 
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show,  that,  in  the  arrested  portion  of  a  revolring  fthoot,  the  power  of 
movement  is  not  imroediateiy  lost,  and  thnt  when  tempornriiy  )os«t  it  can 
be  recovered.  When  a  shoot  has  remained  for  a  considerable  time  wound 
ronnd  its  support,  it  permanently  retains  its  spiral  form  even  when  the 
support  is  removed. 

*^  When  a  stick  was  placed  so  as  to  arrest  the  lower  and  rigid  inter- 
nodes  of  the  Ceropegia  at  the  distance  at  first  of  15  and  then  of  21 
inches  from  the  center  of  revolution,  the  shoot  slowly  and  gradually  slid 
up  the  stick,  so  as  to  become  more  and  more  highly  inclined ;  and  then, 
alter  an  interval  sufficient  to  have  allowed  of  a  semi  revolution,  it  sud- 
denly bounded  from  the  stick  and  fell  over  to  the  opposite  side,  to  its 
ordinary  slight  inclination.  It  now  recommenced  revolving  in  its  usual 
course,  so  that  after  a  semi-revolution  it  again  came  into  contact  with  the 
stick,  again  slid  up  it,  and  again  bounded  from  it.  This  movement  of 
the  shoot  had  a  very  odd  appearance,  as  if  it  were  disgusted  with  its 
failure  but  resolved  to  try  again.  We  shall,  I  think,  understand  this 
movement  by  considering  the  former  illustration  of  the  sapling,  in  which 
the  contracting  surface  was  supposed  to  creep  from  the  southern,  by  the 
eastern,  to  the  northern,  and  thence  back  again  bv  the  western  side  to 
the  southern  face,  successively  bowing  the  sapling  in  all  directions.  Now 
with  the  Ceropeffia,  the  stick  being  placed  a  very  little  to  the  east  of  due 
south  of  the  plant,  the  eastern  contraction  could  produce  no  effect  beyond 
pressing  the  rigid  internode  a^inst  the  stick ;  but  as  soon  as  the  con- 
traction on  the  northern  face  began,  it  would  slowly  drag  the  shoot  up 
the  stick ;  and  then,  as  soon  as  the  western  contraction  had  well  begun, 
the  shoot  would  be  drawn  from  the  stick,  and  its  weight,  coinciding  with 
the  northwestern  contraction,  would  cause  it  suddenly  to  fall  to  the 
opposite  side  with  its  proper  slightly  inclined  positions;  and  the  ordinary 
revolving  movement  would  go  on.  I  have  described  this  case  because  it 
first  made  me  understand  the  order  in  which  the  contracting  or  turges- 
cent  cells  of  revolving  shooto  must  act 

'^The  view  just  given  further  explains,  as  I  believe,  a  fact  observed  by 
von  Mold  (S.  135),  namely,  that  a  revolving  shoot,  though  it  will  twine 
round  an  object  as  thin  as  a  thread,  cannot  do  so  round  a  thick  support 
I  placed  some  long  revolving  shoots  of  a  Wisteria  close  to  a  post 
between  5  and  6  inches  in  diameter,  but  they  could  not,  though  aided 
by  me  in  many  ways,  wind  round  it.  This  apparently  is  owing  to  the 
flexure  of  the  shoot,  when  winding  round  an  object  so  gently  curved  as 
this  post,  not  being  sufficient  to  hold  the  shoot  to  its  place  when  the  con- 
tracting force  creeps  round  to  the  opposite  surface  of  the  shoot;  so  that 
It  is  at  each  revolution  withdrawn  from  its  support^*' — (pp.  9-1 3,  jxi#«m.) 

The  successive  shifting  of  the  contracting  side  of  the  shoot,  which  ex- 
plains the  revolution  or  bowing  in  turn  in  every  direcfion,  no  less  explains 
the  twining  round  a  proper  support,  leaving  however  some  idiosyncra- 
ses  unexplained.  Some  tendrils  and  some  petioles  of  leaf-climbing  plants 
equally  possess  this  revolving  power ;  but  their  usefulness  depends  mainly 
upon  additional  and  more  special  endowments, — mainly  upon  the  power 
of  directly  responding  by  curvature  to  the  contact,  more  or  less  pro- 
longed, of  an  extraneous  body. 
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# 
Of  Leaf-climbers^  no  instnnce  k  more  fkiniliar  than  that  of  CUm' 
ntit  or  Virginia  Bower.  Little  more  was  known  of  them  than  that  tbej 
climbed  by  curling  their  petioles  (fX)mmon  or  partial)  around  neigbboriog 
objects.  Nf  r.  Darwin  made  obeervations  upon  eight  species  of  Clematis^ 
seven  of  Tropceolam,  the  common  species  of  Maurandia^  Lopkosper^ 
mtim,  Famaria,  <fec.,  as  aUo  upon  Gloriom  and  Flapellarid,  which 
climb  by  a  tendril-like  production  of  the  tip  of  the  leaf.  From  the  sum* 
mary  it  appears  that  plants  which  belong  to  eight  families  are  known  to 
have  clasping  petioles,  and  tho(«e  of  four  families  climb  by  the  tips  of 
their  leaves.  In  almost  all  of  them  the  young  internodes  revolve,  in 
some  of  them  as  extensively  as  in  twining  plants, — the  movement  being 
plainly  serviceable  in  bringing  the  petioles  or  the  tips  of  the  leaves  into 
contact  with  surrounding  objects.  Those  whose  shoots  revolve  most 
freely  are  also  capable  of  twining  spirally  around  a  support;  but  when 
the  stem  twines  (as  in  Clematis  Sieboldii  and  coiycino,  but  not  in  C.  Vit- 
icella)^  it  has  the  peculiarity  of  winding  first  in  one  direction  for  two  or 
three  turns,  and  then  in  the  opposite  direction.  The  petioles  are  prin- 
cipally  efficient  in  these  plants,  and  that  by  means  of  an  endowment 
which  is  not  shown  to  belong  to  twining  stems,  with  one  or  two  excep- 
tions. That  is,  the  petioles  or  their  divisions  are  sensitive  to  the  contact 
of  an  extraneous  body,  contracting  on  the  side  touched  so  as  to  curve  or 
coil  around  it  That  the  footstalk  is  directly  sensitive  to  the  touch,  just 
as  tendrils  are,  Mr.  Darwin  proved  by  lightly  rubbing  them  with  a  twig 
for  a  few  times,  when  in  the  course  of  some  hours  it  bends  to  the  rub- 
bed side,  afterwards  becoming  straight  again  ;  or  by  leaving  the  body  in 
contact  it  is  permanently  clasped  by  the  footstalk.  So  sensitive  are  some 
footstalks  that  *'a  loop  of  thread  weighing  a  quarter  of  a  grain  caused  them 
to  bend ;  a  loop  weighing  one-eighth  of  a  grain  sometimes  acted,  and 
sometimes  not"  In  one  instance,  in  Clematis  Flammula^  even  the  six- 
teenth part  of  a  grain  caused  a  petiole  to  bend  through  nearly  90  do- 
frees.  With  rare  exceptions  only  the  young  petioles  are  sensitive, 
like  the  cultivated  Clematis  Viticella  for  an  illustration  of  the  mode  in 
which  the  leaves  do  the  work  of  climbing. 

**  The  leaves  are  of  large  size.  There  are  three  pairs  of  lateral  leaflets 
and  a  terminal  one,  all  borne  by  rather  long  petioles.  The  main  petiole 
bends  a  little,  angularly,  downwards  at  each  point  where  a  pair  of  leaflets 
arises,  and  the  petiole  of  the  terminal  leaflet  is  bent  downward  at  right 
angles ;  hence  the  whole  petiole,  with  its  rectangularly  bent  extremity, 
acts  as  a  hook.  This,  with  the  lateral  petioles  directed  a  little  upward, 
forms  an  excellent  grappling  apparatus  by  which  the  leaves  readily  be- 
come entangled  with  surrounding  objects.  If  they  catch  nothing,  the 
whole  petiole  ultimately  grows  straight  Both  the  medial  and  lateral 
petioles  are  sensitive;  and  the  three  branches,  into  which  the  basi-lateral 
petioles  are  generally  subdivided,  likewise  are  sensitive.  The  basal  per- 
tion  of  the  main  petiole,  between  the  6tem  and  the  first  pair  of  leaflets,  is 
less  sensitive  than  the  remainder,  but  it  will  clasp  a  stick  when  in  con- 
tact On  the  other  hand,  the  inferior  surface  of  the  rectangularly  bent 
terminal  portion  (carrying  the  terminal  leaflet),  which  forms  the  inner 
side  of  the  end  of  the  hook,  is  the  most  sensitive  part ;  and  this  portion 
is  manifestly  best  adapted  to  catch  distant  supports.    To  show  the  differ- 
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enoe  in  sensibility,  I  gently  placed  loops  of  string  of  the  same  weigbt 
(in  one  instance  weighing  *82  of  a  grain)  on  the  several  lateral  and  on 
the  terminal  sub-petioles ;  in  a  few  hours  the  latter  were  bent,  but  after 
24  h.  no  effect  was  produced  on  any  of  the  lateral  petioles.  Again,  a 
terminal  sub-petiole  placed  in  contact  with  a  thin  stick  became  sensibly 
curved  in  45  m.,  and  in  1  h.  10  m.  had  moved  through  ninety  degrees, 
whereas  a  lateral  petiole  did  not  become  sensibly  curved  until  8  h.  80  m. 
had  elapsed.  In  this  latter  case,  and  in  all  other  such  cases,  if  the  sticks 
be  taken  away,  the  petioles  continue  to  move  during  many  hours  after- 
ward ;  so  they  do  afUr  a  slight  rubbing ;  but  ultimately,  if  the  flexure 
has  not  been  very  great  or  long-continued,  they  become,  after  about  a 
day's  interval,  straight  again." — (p.  31.) 

In  numerous  cases,  notably  in  Solanurn  jasminoideSy  the  petiole  when 
clasped  increases  very  greatly  in  thickness  and  rigidity,  undergoing  a 
change  in  its  woody  structure  by  which  the  iibro- vascular  bundles,  orig- 
inally semilunar  in  cross-section,  develop  into  a  closed  ring,  like  that  of 
an  exogenous  stem. 

Lopkospermum  scandens  of  the  gardens  climbs,  like  its  allies  Mau- 
tandia  and  Rhodochiton^  by  clasping  petioles ;  but  in  this  plant,  alone, 
the  young  internodes  are  also  sensitive  to  the  touch. 

^  When  a  petiole  clasps  a  stick,  it  draws  the  base  of  the  internode 
against  it ;  and  then  the  internode  itself  bends  toward  the  stick,  which 
18  thus  caught  between  the  stem  and  the  petiole  as  by  a  pair  of  pincers. 
The  internode  straightens  itself  again,  excepting  the  part  in  contact  with 
the  stick.  Toung  internodes  alone  are  sensitive,  and  these  are  sensitive 
on  all  sides  along  their  whole  length.  I  made  fifteen  trials  by  lightly 
rubbing  two  or  three  times  with  a  thin  twig  several  internodes ;  and  in 
about  2  h.,  but  in  one  case  in  3  h.,  all  became  bent:  they  became 
straight  again  in  about  4  h.,  subsequently.  An  internode,  which  was 
rubbed  as  much  as  six  or  seven  times  with  a  twig,  became  just  percepti- 
bly curved  in  1  h.  15  m.,  and  subsequently  in  3  h.  the  curvature  in- 
creased much ;  the  internode  became  straight  again  in  the  course  of  the 
night  I  rubbed  some  internodes  one  day  on  one  side,  and  the  next  day 
on  the  opposite  side  or  at  right  angles;  and  the  curvature  was  always  to- 
ward the  rubbed  side." 

Here,  then,  is  one  case  in  which  the  sensibility  of  a  stem  is  manifest, 
and  is  turned  to  useful  account.  The  peduncles  of  the  allied  Maurandia 
iemperjlorens  are  also  sensitive  and  flexuous,  although  Mr.  Darwin  insists 
that  they  are  useless  for  climbing.  That  some  stems  should  be  sensitive 
might  have  been  expected ;  for  tendrils  of  axial  nature  (e.  qr.  of  Passi" 
flora  gracilis)  are  not  less  sensitive  than  those  of  foliar  nature,  as  of  Ze- 
guminosofy  CucurbitcuecB  and  Cobaa,  And  if  twining  stems  in  general 
are  not  endowed  with  *^a  dull  kind  of  irritability,''  as  Mohl  conjectured, 
it  may  well  be  because  the  equally  wonderful  automatic  revolving  move- 
ment leaves  no  need  for  it.  in  general,  the  most  striking  cases  of  auto- 
matic movement  belong  to  leaves  or  their  homologues. 

The  distinction  can  be  only  somewhat  arbitrarily  drawn  between  Leaf- 
climbers, — especially  those  with  small  or  undeveloped  leaflets,  or  where 
the  tip  of  the  leaf  forms  a  hook  or  tendril-like  projection, — ^and  Tendril- 
climbers.    The  tendril,  however,  whether  answering  to  leaf  or  ateno,  is 
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the  more  specialized  organ,  adapted  odIj  for  climbing,  and  endowed  in 
different  plants  with  very  various  and  some  highly  remarkable  powers. 
To  this  subject  Mr.  Darwin  has  devoted  more  than  half  of  bis  essay. 
An  analysis  of  it  must  be  deferred,  for  want  of  space. 

Near  the  close  of  the  essay,  under  Hook-climbers,  Mr.  Darwin  re- 
marks that : — 

*^  Even  some  of  the  climbing  Roses  will  ascend  the  walls  of  a  tall 
house,  if  covered  with  a  trellis ;  how  this  is  effected  I  know  not ;  for  the 
young  shoots  of  one  such  Rose,  when  placed  in  a  pot  in  a  window, 
bent  irregularly  toward  the  light  during  the  day  and  from  it  during  tb^ 
night,  like  any  other  plant;  so  that  it  is  not  easy  to  understand  how  the 
shoots  can  get  under  a  trellis  close  to  a  wall.*' 

Now  we  nave  had  occasion  to  observe  that  the  strong  summer-shoots 
of  Michigan  Rose  {Rosa  setigera  Mx.,  JR.  rubifolia  R.  Br.),  trained  on  a 
latticed  wall,  are  strongly  disposed  to  push  into  dark  crevices  and  awaj 
from  the  light;  they  would,  many  of  them,  pretty  surely  place  themselves 
under  the  trellis,  and  the  lateral  shoots  of  the  next  spring  would  emerge 
as  they  seek  the  light.     We  suspect  this  is  also  true  of  the  Sweet  Brier. 

A.   G. 

4.  Gradation  from  ^^  Individual  Peculiarities^^  to  Species  in  Insecii. — 
The  following  are  the  concluding  paragraphs  of  a  paper  by  Dr.  B.  D. 
Walsh  "  On  Phytophagic  Varieties  and  Phytophagie  Species,'"  The 
name  phytophagic  is  given  to  those  otherwise  identical  insects  which  dif- 
fer, as  varieties  or  species,  according  to  the  species  of  plant  they  feed 
upon.  *'  When  certain  unimportant  characters  in  the  insect  are  correlated 
with  the  food-plant,  while  at  the  same  time  there  is  no  sufficient  reason 
to  doubt  that  the  two  varieties  freely  intercross,*'  the  forms  are  called /lAy- 
iophagic  varieties.  When,  from  the  lack  of  intermediate  forms,  intercross- 
ing may  be  inferred  not  to  take  place,  they  are  called  phytophagic  species. 
Dr.  Walsh  sums  up  his  conclusions  thus : 

"  From  the  facts  referred  to  above  and  those  recorded  by  me  elsewhere, 
we  may  construct  the  following  almost  unbroken  series,  from  the  first 
dawnings  of  the  Phytophagic  Variety  to  the  full  development  of  the 
Phytophagic  Species. 

1st.  Difference  of  food,  even  when  the  food-plant  belongs  to  widely 
distinct  botanical  families,  is  accompanied  by  no  difference  whatever, 
either  in  the  larva,  pupa  or  imago  state. — Attacus  Cecropia  Lin.,  Dryo- 
campa  imperialis  Drury,  Lachnus  Caryas  Harris,  (Proc.  JEnt.  Soc.  PhiL 
I,  p.  808),  and  hundreds  of  other  species. 

2nd.  Difference  of  food  is  accompanied  by  a  marked  difference  in  the 
color  of  the  silk-producing  secretions. — Bomhyx  Mori  Lin.,  the  common 
silkworm. 

8rd.  Difference  of  food  is  accompanied  by  a  tendency  toward  the  ob- 
literation of  the  normal  dark  markings  in  the  imago. — Haltica  altemata 
Illig. 

4th.  Difference  of  food  is  accompanied  by  marked,  but  not  perfectly 
constant,  colorational  differences  in  the  larva,  but  none  whatevier  in  the 
g  9  imago. — Datana  Ministra  Drury. 

5th.  Difference  of  food  is  accompanied  by  a  marked  and  perfectly  con- 
stant difference  in  the  size  of  the  imago. — Chrysomela  scalaris  Lee 
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6th.  Difference  of  food  is  aeconapanied  by  a  maiiced  differ-eDee  id  the 
eheraical  properties  of  gal  I- producing  sec/elions,  the  external  characters 
of  the  <y  ?  imago  remaining  identical. — Cynip9  q,  Bpongifica  0,%,  Mid. 
C  q,  inanis  0.  S. 

7th.  Difference  of  food  is  accompanied  by  a  slight,  but  constant 
change  in  the  coloration  of  the  abdomen  of  the  ^  $  imago,  and  by  a 
very  slight  change  in  the  chemical  properties  of  the  gall-produoing«ecre- 
trions,  the  galls  of  the  two  insects,  though  typically  somewhat  distinct, 
being  connected  by  intermediate  grades  in  the  case  of  the  latter. — (7yn- 
ips  q.  punctata  Bassett  and  (7.  q,  PodagrcB  Walsh. 

8th.  Difference  of  food  is  accompanied  by  one  marked  and  perfectly 
constant  colorational  difference,  and  others  which  are  not  perfectly  con- 
stant, in  the  larva,  but  none  whatever  in  the  $  J  imago. — HaUsidota 
tessellaris  Sm.  Abb.  and  ff,  Aniiphola  Walsh. 

.9th.  Difference  of  food  is  accompaniedl)y  several  slight  but  constant 
structural  differences  in  the  ^  imago,  but  none  whatever  in  the  9  im- 
ago.— Ciytus  RobinicB  Forst.  and  CI.  pictus  Drury^. 

10th.  Difference  of  food  is  accompanied  by  a  slight  but  constant 
Rtructural  difference  in  both  $  and  J  imago. — 1.  Tingis  Tilicsn,  sp.  and 
T.  amorphce  il  sp.  2.  (Doubtful.)  Diapheromera  femorata  Say  and  D, 
Vein  n.  sp. 

11th.  (Doubtful.)  Difference  of  food  is  accompanied  by  very  strong 
structural  and  colorational  differences  in  the  larva  and  in  all  probability 
by  a  constant  structural  difference  of  generic  value  in  the  $  imago,  the 
$  imagos  being  to  all  external  appearances  identical,  and  the  two  insects 
belonging  to  different  genera. — Sphingicampa  dutigma  $  }  Walsh  and 
Dryocampa  hicolor  $  Harris. 

12th.  Difference  of  food  is  accompanied  by  marked  and  constant  dif- 
ferences, either  colorational,  or  structural,  or  both,  in  the  larva,  pupa 
and  imago  states. — Halesidota  tessellaris  Sm.  Abb.  and  H,  Caryce  Harris, 
and  hundreds  of  species  belonging  to  the  same  genus  and  commonly 
considered  as  distinct  species. 

The  constitution  of  the  human  mind  is  such,  that  the  same  evidence 
carries  with  it  very  different  degrees  of  weight,  when  presented  to  differ- 
ent intellects.  Others  will  no  doubt  draw  different  conclusions  from  the 
facts  catalogued  above;  but  for  my  own  part,  as  on  the  roost  careful  con- 
sideration I  am  unable  to  draw  any  definite  line  in  the  above  series,  and 
to  say  with  certainty  that  here  end  the  Varieties  apd  here  begin  the 
Species,  1  am  therefore  irresistibly  led  to  believe,  that  the  former  gradu- 
ally strengthen  and  become  developed  into  the  latter,  and  that  the  dif- 
ference between  them  is  merely  one  of  mode  and  dggree." 

6.  Illustrated  Catalogue  of  the  Museum  of  Comparative  Zoology  at 
Harvard  College,  No.  1,  Ophiuridce  and  A^iropkytidoe ;  by  Thbo- 
DORB  Lyman.  200  pp..  large  8vo,  with  iyjo  colored  plates.  Cambridge, 
1865. — The  Museum  of  Comparative  Zoology,  ^under  the  directorship  of 
Professor  Agassiz,  at  Cambridge,  has  already  become  a  vast  collection  in 
some  departments  of  zoology,  and  is  on  the  rapid  increase.  The  idea  of 
connecting  with  a  catalogue  of  the  Mj|;iseum  the  publication  of  occasional 
memoirs  upon  the  species  here  gathered,  has  for  some  time  been  in  con- 
templation, and  the  first  luitpbor  has  Just  been  issued  with  the  above 
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title.  The  style  of  publication  selected  for  the  series  is  all,  as  r^rdt 
paper,  type  and  arrangement,nhat  the  eye  could  desire,  and  this  first 
memoir,  by  Mr.  Lyman,  makes  a  most  excellent  beginning  of  the  series^ 
The  Ophiuridse  and  related  Asterioids  have  been  for  some  years  his  special 
department  of  study.  The  memoir  contains  detailed  djescriptions  of  the 
species  from  the  shores  of  North  and  South  America  and  Greenland, 
that  are  now  in  the  Museum  and  also  in  the  iCoUections  of  the  Smith- 
sonian Institution,  including  in  all  105  species,  of  which  26  are  new; 
and  it  is  illustrated  by  two  beautiful  colored  plates,  on  which  seven  of 
the  species  are  represented.  It  contains  also  an  extended  bibliography, 
and  a  table  of  the  known  species  of  OphiuridsB  and  Astrophytid». 

IV.  ASTRONOMY  AKD   METEOBOLOGY. 

1.  Shooting  Stars  seen  at  Hinsdale,  Mass^  in  August,  1865. — ^The 
following  observations  were  made  on  the  days  specified  below,  the 
writer^s  station  being  at  Hinsdale;,  Mass.,  about  W,  long.  1^%  N.  laU 
42^^.  During  all  the  observations  the  atmosphere  was  pure  and  un*- 
clouded,  but  the  moonlight  interfered  with  all  but  the  brighter  paths. 
The  area  of  observation  was  centered  considerably  north  of  Perseus,  but 
reached  generally  to  Auriga.  It  was  not^  however,  more  than  four-fi^s 
of  the  field  ordinarily  due  to  a  single  observer. 

Aug.  9th. — From  2^  20"  to  3^  46°>  a.  m.,  an  interval  of  1*»  25™,  ten 
meteors  were  seen,  of  which  nine  were  closely  conformable  to  a  radiant 
centering  in  A.  B.  47*^,  N.  P.  D.  33^ 

Aug.  10th. — Between  2^  25™  a.  m.  and  3^  50™,  an  interval  of  1*»  25™, 
nineteen  meteors  were  seen,  of  which  all  were  conformable  to  a  radiant 
centering  in  A.R.  42^,  N.  P.  D.  34^ ;  but  elongated  eome  4^,  eitber  way, 
across  the  meridians. 

Aug.  11th  and  18th. — ^The  sky  was  wholly  obscured  by  clouds. 

Aug.  13th. — ^Between  10**  45™  p.  m.,  and  0*»  45™  of  Aug.  13th,  an 
interval  of  2**,  sixteen  meteors  were  seen,  of  which  twelve  were  conform- 
able closely  to  a  radiant  point  in  A.  E.  52'',  N.  P.  D.  32^  Two-thirds  of 
the  whole  number  were  seen  in  the  first  three  quarters  of  an  hour^ 

Aug.  14th. — Between  0^  10™  a.  ¥.  to  V"  35™,  an  interval  ^f  1*»  ^5™, 
twenty  meteors  were  seen,  generally  slow  in  angular  velocity  and  wholly 
destitute  of  a  regimen  to  their  lines  of  direction,  except  that  three  of  the 
earliest  and  one  of  the  latest  conformed  to  an  area  of  sejveral  degrees 
around  A.  R.  68*  N.  P.  D.  18®.  Three  of  the  flights  were  very  long  but 
unstable  in  motion — say  30®  of  arc  traversed  in  2\  to  %  seconds  of  time. 

It  seems  to  be  clear  from  the  forgoing  that  the  proper  August  meteors 
in  this  instance,  appeared  as  early,  at  least,  as  the  first  morning  hours  of 
the  9th,  and  were  not  discernable  later,  at  least,  than  11  p.  m.  of  Aug. 
12th.  In  other  words,  the  duration  .of  the  phenomenon  did  not  exceed 
four  days,  and  probably  did  not  quite  cover  that  duration. 

(Notwithstanding  the  inipracticability  of  observing  on  4he  important 
mornings  of  the  11th  and  12th,  a  shifting  of  the  radiants,  as  above  speci- 
fied, was  unmistakable.  a.  c.  t. 

2.  Shooting  Stars  seen  at  ITew  Haven  in  August,  1865. — On  the 
night  of  Aug.  9-1 0th  I  saw,  during  half  an  hour,  ending  about  2^  a.  m., 
ten  shooting  stars,  about  two-thirds  of  them  moving  from  Perseus.    The 
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dkj  was  dear,  but  the  bright  moon,  then  two  days  past  the  quarter,  rerj 
^greatly  interfered  with  obseryation. 

The  next  night  was  the  one  on  which  the  greatest  display  was  looked  ' 
for.     A  numerous  party  was  ready  to  watch,  but  could  do  nothing  be- 
.cause  of  the  clouds. 

On  the  night  of  the  ll^l2th,  during  one  hour  ending  about  midnight, 
i  saw  fourteen.  The  sky  was  again  clear,  but  the  moon  interfered.  Not 
jnore  than  half  radiated  from  Perseus.  But  for  the  light  of  the  moon 
the  number  visible  oa  this  night,  as  well  as  on  the  night  of  Aug.  9-1 0th, 
would  have  been  no  doubt  twice  as  many,  probably  three  times  as  many, 
as  were  actually  visible. 

On  the  night  of  Aug.  15-16th,  C.  Tomlinson,  M.D.,  Messrs.  A.  Van 
I^ame,  J.  Avery,  G.  L.  Woodhuil,  and  A.  W.  Gates,  Col.  B.  S.  Pardee 
and  myself,  watched  from  the  roof  of  the  New  Haven  House,  during  three 
hours,  from  five  minutes  past  eleven  till  five  minutes  past  three  o'clock^ 
All  but  myself  were  constantly  watching  the  sky,  and  saw  during  the 
first  hour  56  meteors,  during  the  second  hour  56,  and  during  the  third 
hour  61.  About  half  of  my  time  was  occupied  in  keeping  the  record. 
Of  twenty-five  seen  by  me  six  were  not  seen  by  others,  so  that  we  saw 
in  all  178  meteors,  or  about  one  each  minute.  Besides  these,  how- 
ever, there  were  at  least  seventeen  instances  in  which  some  one  of  the 
party  thought  he  saw  a  shooting  star,  but  was  not  confident  of  it.  The 
jmoon  rose  at  12l>  40°>,  and  from  that  time  the  number  seen  was  appar» 
,ently  diminished  a  little  by  its  light  A  fog  which  was  rising  toward 
.the  end  of  the  watch  also  interfered.  Shortly  after  two  o^cIock  the  fog 
closed  entirely  over  us. 

The  special  object  of  the  watch  was  to  determine  what  proportion  of 
ibe  meteors  visible  at  one  place  would  be  seen  by  one  observer;  in  other 
words,  by  what  factor  the  number  seen  during  any  time  by  one  person 
should  be  multiplied  to  obtain  the  whole  number  visible  at  the  place. 
The  conclusion,  as  derived  from  this  night^s  work,  is  that  this  factor  is  at 
least  4*5,  and  cannot  safely  be  assumed  as  greater  than  5.  The  detaiU 
of  (the  observations,  and  the  discussion,  will  be  given  hereafter. 

During  the  night  there  was  a  slight  aurora,  and  just  before  the  moon 
rose  there  was  a  bright  auroral  cloud,  or  compact  cluster  of  short  stream- 
ers in  the  northeast.  It  was  probably  illumined  by  the  moon,  as  sug- 
gested below  by  Prof.  Twining.  h.  a.  n. 

8.  Auroral  Fhenomena  of  August  3,  1865. — On  the  night  of  August 
2d-8d,  there  was  witnessed  at  New  Haven  a  display  of  the  Aurora  Bo- 
realis,  of  great  brilliancy  notwithstanding  the  light  of  the  moon — then 
nearly  full.  An  intelligent  witness  states  that,  just  before  11  o'clock 
p.  M.  on  the  2d,  he  saw  a  nebulous  column  or  streamer  of  white  luminos- 
ity, ascending  from  far  down  in  the  east-of-south  high  up  toward  a 
point  north  of  the  zenith, — and  simultaneously  with  it  a  similar  column 
in  the  northwest  rising  toward  the  same  high  altitude.  The  columns 
were  but  a  degree  or  two  broad,  and  did  not,  while  this  witness  saw  them, 
unite  to  form  a  complete  arch.  When  he  ceased  looking — at  about 
a  quarter  past  11  o'clock — they  were  undimii^shed  in  extent  and  bright- 
ness. They  were  saic^y  by  others  who  witnessed  the  same,  to  have  faded 
not  long  a^c* 
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When  th«  writer  first  observed  them,  at  about  1**  45"  a.m.  on  the  3d, 
the  auroral  lights  were  spread  in  a  continuous  and  luminous  sheet  over 
more  than  half  the  sky  through  west,  north  and  east, — and  southward 
on  the  meridian  to  about  N.  P.  D.  70*.  This  luminous  sheet  was  com- 
posed of  streamers  in  irregular  groups,  not  so  dense  in  nebulosity,  nor  so 
great  in  linear  extent,  as  the  writer  has  often  witnessed ;  but  unusually 
abundant,  and  forming  a  very  stable  corona  at  A.R.  841**  N.  P.D.  64  J**, — 
this  being  a  little  east  of  the  meridian  and,  as  usual,  at  the  magnetic 
pole  or  near  it.  The  entire  assemblage  of  streamers  down  to  within  say 
18*  of  the  horizon  was  pervaded  by  a  rush  upward  of  auroral  waves  in  a 
constant  and  quite  regular  succession.  Two  to  four  of  these  waves  might 
be  seen  following  one  another,  but  with  interrupted  courses,  up  toward 
the  corona.  Their  brightness  at  the  corona  was  not  less  than  in  any 
other  part,  and  I  estimated  their  medium  angular  motion  at  about  90^  in 
a  second.  The  streamers  were  moving  from  west  to  east — contrary  to  the 
usual  direction  of  this  movement,  and  it  constitutes  the  second  instance 
only  in  which  the  writer  remembers  to  have  witnessed  such  an  anom- 
aly. This  movement,  as  naturally  suggested  by  the  phenomenon  itself 
when  first  noticed  many  years  ago,  is  a  result  of  the  relative  direction  of 
electrical  currents  along  the  streamers  and  the  like  currents  of  the  earth  and 
atmosphere.  At  2^*  30°^  a  cluster  23^  high  in  the  N.E.  by  K,  was  observed 
to  have  about  2^  a  minute  of  this  lateral  movement.  It  was  more  or  less 
rapid  in  other  parts,  in  obedience  to  the  laws  of  perspective. 

At  2^  4(P  A.  M.  the  phenomena  had  faded,  and  clouds  in  extended 
masses  obscured  the  view.  These  increased  until  toward  the  first  ap- 
pearance of  twilight ;  but  through  the  rifts  and  clear  spac^  in  the  K 
and  N.N.W.  the  bright  banks  of  auroral  vapor  were  still  seen  at  a  low 
altitude.  Also  along  the  eastern  sky  there  was  left  a  clear  belt  from  the 
horizon  upward  in  which  clusters  of  short  streamers  were  visible,  and, 
rarely,  a  faint  auroral  wav«. 

It  had  occurred  during  one  of  those  grand  auroral  developments  which 
the  writer  witnessed  between  1636  and  1846  from  his  place  of  residence 
at  Middlebury,  Vermont,  that,  in  one  instance,  at  a  very  early  morning 
hour,  he  was  viewing  an  assemblage  of  enormous  streamers  which  arose 
from  the  north,  when  he  noticed  that  an  upper  segment  of  each  streamer 
became  of  a  rosy  hue,  very  vivid,  and  extending  down  to  about  the  same 
altitude  in  all.  This  he  siLspected  to  be  the  effect  of  sunlight  striking  the 
tops  of  those  streamers  at  a  height  of  several  hundred  miles — as  it  must 
have  been  at  that  hour — above  the  earth's  surface.  But,  in  the  great 
number  and  variety  of  appearances  which  solicited  notice,  he  omitted  to 
make  such  memoranda  of  time,  altitude,  and  positions,  as  would  have  en- 
abled him  afterwards  to  test  the  plausibility  of  this  explanation.  There- 
fore the  phenomenon  has  rested  without  particular  notice ;  but  on  the 
morning  of  the  3d  inst.  it  received  a  remarkable  reiteration,  and  the  wri- 
ter now  ventures  to  commend  this  particular  of  observation  to  others  who 
may  have  opportunity  to  make  it,  whether  by  sunlight  or  moonlight  It 
not  only  offers  a  method  of  determining  approximate  heights,  but  it  may 
also  determine,  in  certain  respects,  the  physical  properties  of  the  material 
in  the  Northern  Lights  which  possesses  luminosity.  At  3*^  30"  and 
onward  there  was,  in  the  vicinity  of  Orion  and  above  it,  a  limited  and 
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solitary  but  distinct  cluster  of  short  and  yellowish  white  streamers,  in 
about  5^  S.  of  E.,  and  17®  high.  This  was  earnestly  attended  to,  and, 
at  3**  40™ — as  noticed  by  feeling  the  rainute  hand  of  the  watch — its 
upper  part  began  to  be  intensified  in  color  with  a  speedy  progress  down- 
ward and  northward  which  disclosed  an  increased  extension  in  those 
directions,  and  north  of  the  cluster  a  considerable  extent  of  fainter  stream- 
ers. The  yellow  had  now  become  not  merely  intensified  suddenly  in  hue 
but  changed  in  quality,  or  imagined  to  be  so.  What  I  would  specially 
notice  is  that  the  color  of  the  faint  streamers,  although  now  as  bright  as 
the  aforementioned  cluster  had  been  at  first,  appeared  not  of  the  same 
nebulous  yellow  hut  glistening  in  effect,  although  far  less  brilliant  than  the 
cluster  had  itself  become.  Soon  the  latter  turned  to  a  clear  but  dilute 
red,  like  the  same  commonly  witnessed  in  auroras,  but  which  appeared 
now,  for  the  first  time,  in  this.  This  rosy  color  propagated  itself,  as  the 
glistening  yellow  had  done  before,  and  soon  characterized  the  whole,  and 
BO  continued  until  the  twilight  overpowered  it. 

The  observations  of  time,  altitude  and  azimuth  in  this  instance  are 
not  clear  enough  for  exactness,  but  they  give — after  allowing  for  atmos- 
pheric refraction — about  fifty  miles  for  the  average  height  of  the  cluster 
above  described. 

This  of  the  2d-dd  inst,  was,  by  reason  of  its  extent,  duration  and 
completeness,  one  of  the  class  of  grand  auroras— although  far  less  bril- 
liant and  variegated  than  several  which  have  been  seen  at  this  place  since 
1830.  In  but  one  instance  however — and  that  one  but  poorly  devel- 
oped— did  it  embrace  any  of  those  fan-like  curtains  or  assemblages  of 
streamers  which  sweep  down  to  a  definite  altitude,  for  the  time,  and 
having  a  termination  so  abrupt  and  so  correspondent  in  all  that  the  sus- 
picion may  be  allowed  (and  the  suggestion  of  it  pardoned)  that  this  ab- 
rupt development  takes  place  at  the  definite  upper  boundary  of  the  at- 
mosphere proper — at  the  transition,  or  rebroussement,  which  it  would 
seem  must  there  exist,  from  a  lower  to  the  secondary  atmosphere,  or,  if 
that  supposition  is  preferred,  to  the  simply  ethereal  spaces.^  a.  c.  t. 
New  Haven,  Conn.,  August  8th. 

4.  Comparative  intensity  of  the  light  reflected  from  the  Moon  and  Ve- 
nus ;  by  Mr.  Chacornac. — On  the  20th  of  June  last,  at  3**  a.m.,  the 
Moon  and  Venus  were  in  conjunction  in  the  latitude  of  Lyons,  France, 
80  that  both  bodies  could  be  seen  in  the  same  field  of  vision,  and  use  was 
made  of  the  opportunity  to  compare  the  light  received  from  them.  The 
surfaces  taken  for  comparison  were  those  affording  rays  at  the  same  an- 
gle of  incidence;  and  on  the  Moon,  the  region  w&s  that  lying  between 
the  craters  Rocca  and  Eirchstadt,  over  the  very  brilliant  surface  which 
lies  to  the  southeast  of  Grimaldi.  It  was  found  that  the  light  from  this 
brightest  part  of  the  Moon  was  only  a  tenth  of  that  reflected  by  the  sur- 
face of  Venus. — Comptes  Bend,,  Iviii ;  Les  Mondes,  July  20. 

V.    MISCELLANEOUS  SCIENTITIC  INTELLIGENCE. 

1.  Magnesium, — Magnesium  light  contains  an  extraordinary  propor- 
tion of  ultra-violet  or  chemical  rays,  this  part  of  the  spectrum  between 
die  extreme  violet  and  the  extreme  red  being  six  times  as  large  as  usual, 

'  As  suggested  in  this  Joomal,  xxvii,  19. 
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and  it  is  particularly  efficfent  for  producing  fluorescent  atfd  pbotogrlipfife 
effects.  Very  remarkable  fluorescence  may  be  obtained  by  exposing  to 
tbe  light  a  paste  made  of  powdered  pktino-cyanid  of  barium  and  gum 
arable. — Les  Mondes^  June  22. 

2.  The  Humford  Premium, — ^The  Atnerican  Academy  of  Arts  and 
Sciences,  at  its  annual  meeting  on  the  28d  of  May  last,  voted:  "That 
the  Humford  Premium  [a  Gold  Medal]  be  awarded  to  Professor  Daniel 
Tread  well,  for  improvements  in  the  management  of  beat,  embodied  in 
bis  investigations  and  inventions  relating  to  the  construction  of  cannon 
of  large  calibre,  and  of  great  strength  and  endurance." 

3.  The  Prince  Albert  Medal, — ^This  gold  raedal,  founded  by  the  Society 
of  Arts  in  hotior  of  the  memory  of  its  late  President^  his  Royal  High- 
ness Prince  Albert,  has  been  given  this  year  to  the  French  jSmperor^ 
Napoleon,  for  bis  encouragement  of  the  arts,  manufactures  and  com- 
merce, his  patronage  of  the  fine  arts,  etc. 

4.  Hxploration  of  the  ifrals, — Von  Helmerscn,  of  St  Petersburg,  ha» 
been  commissioned  by  the  Russian  Government  to  explore  the  central 
parts  of  the  Urals,  with  special  reference  to  the  discovery  of  coal,  which 
some  geologists  of  distinction  have  thought  to  exist  there. 

6.  Mineral  Waters, — Scouteten,  in  a  paper  read  before  the  Academy 
of  Sciences  at  Paris  in  July,  endeavors  to  demonstrate  that  the  medicinal 
value  of  mineral  waters  is  due  mainly  to  their  electrical  condition. 

6.  Association  for  the  Advancement  of  Science  in  France, — This  asso- 
ciation held  an  extraordinary  session  at  Marseilles,  in  May,  commencing 
on  Friday  the  26th,  on  the  occasion  of  the  inauguration  of  the  Observa- 
tory there,  at  which  Le  Verrier  was  present. — Lea  Mondes,  June  22. 

7.  A  Central  Meteorological  Bureau  in  Prussia  was  instituted  on  the 
Ist  of  May.  It  will  be  connected  with  the  principal  ports  of  Prussia, 
and  will  make  regular  announcements  of  all  meteorological  phenomena, 
storms,  etc,  to  the  bureau.  The  atmospheric  bulletins  of  the  principal 
cities  of  Europe,  containing  especially  whatever  relates  to  the  progress  of 
storms,  will  be  placarded  in  the  principal  seaports. 

8.  Goeppert  on  the  Diamond, — Goeppert  has  published  his  essay  on 
the  organic  nature  of  the  diamond.  He  shows  that  it  cannot  be  of  ig- 
neous origin ;  for  it  turns  black  when  highly  heated.  Moreover  it  con- 
tains sometimes,  besides  other  crystals,  germs  of  Fungi,  and  fibres  of 
vegetable  structures  higher  in  organization. 

OBITUARY. 

SiLBBRMANN,  Curator  of  the  Museum  of  the  Conservatoire  des  Arts  et 
Metier,  died  in  July,  at  Paris,  in  his  fifty-ninth  year. 

Dr,  Samokl  p.  Woodward,  F.G.S.,  a  member  of  the  Council  of  the 
Geological  Society,  died  at  Heme  Bay,  on  the  11th  of  July,  at  th^  age 
of  forty-three.  Dr.  Woodward  was  assistant  in  the  department  of  geol- 
ogy and  mineralogy  in  the  British  Museum.  He  is  the  author  of  various 
scientific  papers,  and  between  the  years  1851  and  1856,  published  his 
excellent  work  "  A  Manual  of  Recent  and  Fossil  Shells." 

Sir  John  William  Lubbock,  Bart.,  died  iu  Kent  in  June  last,  in  his 
sixty-third  year.    He  was  one  of  the  Vice  Presidents  of  the  Royal  Society. 

Sir  William  J.  Hooksr,  the  eminent  botanist,  died  in  August 
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VL    MISCELLANEOUS  BIBLIOGRAPHY. 

1.  A  treatise  on  the  Assaying  of  Lead^  Copper ,  Silver ^  Oold  and  Mer- 
cury from  the  Oerman  of  Bodemann  and  Kbrl,  translated  hy  W.  A. 
Goodyear,  Fh.B.  12  mo,  pp.  214,  with  plates;  published  for  the  Ber- 
«elius  Trust  Association,  by  John  Wiley  A  Son.  New  York,  1865. — 
BoDEM Ann's  Anleitung  zur  Berg-  und  Hutten-mdnmschen  Prohierkunsl^ 
the  2Dd  edition  edited  by  Bruno  Eerl,  is  well  known  as  a  work  on 
assaying,  which  for  accuracy  of  statement  and  fullness  of  detail  is  unsur- 
passed if  not  unequaled.  The  present  translation  of  a  most  important 
part  of  this  book  is  a  very  welcome  addition  to  the  literature  of  assay- 
ing in  the  English  language.  Assayers,  who  have  heretofore  been  con- 
fined to  the  vagaries  of  Mitchell,  as  well  as  of  most  other  English  and 
American  works  on  this  subject,  will  take  great  satisfaction  in  studying 
the  clear  exposition  of  the  theory  of  tlie  processes,  and  the  careful  di- 
rections for  the  practical  operations  in  assaying  given  in  this  book.  Mr. 
Goodyear  has  endeavored  to  adhere  strictly  to  the  text  in  making  his 
translation,  and  we  think  in  some  instances  he  has  sacrificed  clearness, 
and  even  accuracy,  in  too  closely  holding  to  the  German  idiom ;  but,  not- 
withstanding, the  translator  deserves  the  thanks  of  chemists  and  assayers 
for  this  contribution  to  Laboratory  literature.  The  book  is  published  by 
the  Berzelius  Trust  Association,  a  society  of  students  connected  with  the 
Sheffield  Scientific  School  of  Yale  College.  o.  j.  b. 

2.  The  Declaration  of  Students  of  the  Natural  and  Physical  Sciences, 
30  pp.,  8vo. — This  pamphlet,  issued  recently  in  England,  contains  a 
declaration  of  regret  that  science  is  sometimes  misused  for  throwing 
doubts  upon  the  "truth  and  authenticity  of  the  Holy  Scriptures,"  fol- 
lowed by  more  than  seven  hundred  signatures.  Its  object  is  excellent, 
and  it  is  gratifying  to  find  the  names  of  such  men  as  Sir  David  Brewster, 
Sir  John  Richardson  and  J.  H.  Balfour  in  the  long  catalogue.  Yet  the 
pamphlet  is  not  satisfactory,  because  we  are  sure  that  there  are  large 
numbers  of  men  of  science  in  Great  Britain,  equally  confident  of  the 
truth  of  the  Bible,  whose  names  are  not  included.  They  have  objected 
to  giving  their  names,  as  English  journals  have  intimated,  because  there 
was  something  of  reproach  implied  against  others,  who,  they  knew, 
whatever  their  views  respecting  the  Bible,  were  honest  searchers  for 
truth ;  and  because  also,  as  they  thought,  this  division  of  men  of  sci- 
ence into  seemingly  hostile  ranks  was  calculated  to  operate  against  that 
independence  in  investigation  which  is  essential  to  real  progress  in  science. 

For  oursehes  we  regard  such  efibrts  to  sustain  the  Bible  unnecessary. 
They  may  give  courage  to  some  wavering  minds.  But,  on  the  other 
hand,  they  exhibit  a  fear  of  men  which  is  unbecoming,  and  which,  at 
the  same  time,  is  injurious  to  the  cause  they  would  sustain.  We  would 
rather  speed  on  investigators  of  nature,  in  their  various  lines  of  research, 
feeling  confident  that  whatever  error  be  now  mingled  with  the  truth  will 
thereby  be  the  sooner  eliminated ;  and  that  when  thus  eliminated,  Na- 
ture and  the  Bible  will  manifest  all  the  more  convincingly  their  oneness 
of  authorship. 

3.  Smithsonian  Report  for  IBQZ, — ^Th  is  volume  contains,  in  addition 
to  the  Report  on  the  operations,  expenditures  and  condition  of  the  Smith- 

Am.  Joub.  Sci.— Second  Sebies,  Vol.  XL,  No.  119.— Sbft.,  1865. 
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8onian  Institution  for  1863,  and  the  Report  of  the  Assistant  Secretary 
on  the  Museum,  the  following  fm(>ortant  papers : — 

Lectures  on  the  Principles  of  Linguistic  Science,  bj  Prof.  W.  D. 
Whitney. 

Memoir  of  C.  F.  Beautemps-Beiaupr^,  by  tf.  Elie  de  BeaumonL 

Origin  and  History  of  the  Royal  Society  of  London,  prepared  by  C. 
A.  Alexander. 

Modern  Theory  of  Chemical  Types,  by  Dr.  Charles  M.  Wetherill. 

Researches  on  the  Phenomena  which  Accompany  the  Propagation  of 
Electricity  in  Highly  Rarefied  Elastic  Fluids,  by  Prof.  A.  de  la  Rive. 

Report  on  the  Proceedings  of  the  Society  of  Physics  and  Natural  His- 
tory of  Geneva,  from  July,  1862,  to  June  1863,  by  Prof.  Marcet 

Experimental  and  Theoretical  Researches  on  the  Figures  of  Equilibri- 
um of  a  Liquid  Mass  withdrawn  fromf  the  Action  of  Gravity,  d^c^,  by 
Prof.  J.  Plateau,  (39  wood-cuts). 

History  of  Discovery  Relative  to  Magnetism4 

Recent  Researches  Relative  to  the  Nebulae,  by  Prof.  Gautier. 

Figure  of  the  Earth,  by  Sr.  Miguel  Merino. 

Aeronautic  Voyages  performed  with  a  vie#  to  the  advancement  of 
Science,  by  Francis  Arago. 

Account  of  Balloon  Ascensions,  by  James  Glashier. 

Account  of  the  Aboriginal  Inhabitants  of  the  Californian  Peninsula, 
by  Baegert,  translated  by  Prof.  C.  Rau. 

-Ethnology, — Account  of  Kjcekken-Moedding  in  Nova  Scotia,  by  J.  M. 
Jones,  of  Halifax;  Abstract  of  the  Fifth  Report  of  Dr.  Keller  on  Lacos- 
trian  Settlements,  by  A.  Morlot ;  Agricultural  Implements  of  the  North 
American  Stone  Period,  by  Charles  Rau,  (2  wood^cuts) ;  Account  of  An- 
cient  Fort  and  Burial  Ground  in  Tonspkins  county.  New  York,  hy  David 
Trowbridge ;  Account  of  Ancient  Town  in  Minnesota,  by  0.  H.  Kelley ; 
Account  of  Ancient  Relics  found  in  Missouri^  by  J.  W.  Foster ;  Accooni 
of  a  Mound  in  East  Tennessee,  by  A.  F.  Danilsen. 

Purple  and  Azure  Dyeing,  Ancient  and  Modern,  translated  from  Aus 
der  Naiur. 

Method  of  Preserving  Lepidoptera,  by  Titian  R.  Peale,  (4  wood-cuts). 

Account  of  a  Remarkable  Accumulation  of  Bats,  by  M.  Figanierre  e 
Morago,  Portuguese  Minister  to  the  United  States^ 

Tables  of  Weights  and  Measures. 

4.  Quartz  Operators^  Hand-^Book,  Wheeler  <fr  Randall,  San  Fran- 
cisco, 1865.  16mo.  pp.  130. — This  little  manual  is  intended  to  give 
an  outline  of  the  various  mechanical  and  chemical  methods  in  use  for 
treatment  of  gold  and  silver  ores,  especially  those  adopted  in  Califor^ 
nia  and  Nevada.  In  the  space  of  forty  small  pages  the  authors  treat 
of  the  blowpipe,  chemical  tests,  the  dry  and  humid  assay,  wasting, 
treatment  of  gold  quartz  by  pan  process,  extraction  of  gold  by  chlori- 
nation  (Plattner's  method),  extraction  of  gold  by  the  Freiberg  pro- 
cess, the  platinum  process — cupellation,  Augustin  process  and  Zier- 
vogePs  process,  besides  the  patio.  Patera,  Veatch^s  and  the  pan  processes 
for  silver  ores.  This  extreme  brevity  renders  the  first  portion  of  the 
book  of  little  value  to  any  class  of  readers.  The  mechanical  rules  and 
formulae,  which  fill  much  the  larger  part  of  the  Hand  Book,  will  be  found 
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useful  to  all  mill  men  and  others  concerned  in  the  management  of  mininfl; 
machinery.  Mr.  Wheeler  is  well  known  in  California  as  a  successful  mill- 
wright and  the  inventor  of  the  **Pan,"  or  grinder,  which  bears  his  name, 
80  generally  used  in  gold  and  silver  reduction  works.  Mr.  Randall  has 
modified  this  inv^ention  by  moulding  its  grinding  surfaces  in  the  form  of 
the  tractory  conoid.  His  mathematical  discussion  of  the  tractory  and 
differently  fortned  grinding  surfaces  given  to  plates  in  pans  of  various 
names,  is  or^iginal  and  i^igenious.  The  practical  result  claimed  by  the 
author  for  his  own  system  is  expressed  in  the  following  recapitulation : — 

Tractory  cpnoidal  plates  of  uniform  hardness  =:  1-7778. 

Conical  plates  of  uniform  hardness  =1*1042. 

Plain  circular  plates  of  uniform  hardness  =-9877. 

RandalTs  patent  grinding  plates  z=l'l752. 

.5.  The  Scientific  Review  and  Journal  of  the  Inventor's  Institute^ 
Ko.  6,  July  '1,  1865 ;  16.  pp.  sm.  fol.  Cassell,  Pelter  <fe  Galpin,  Ludgate 
Hill,  Londqp.  Price  6d,  stamped  7d. — ^A  paper  devoted  mainly  to  prac- 
tical science,  but  containing. occasional  articles  on  general  principles  in 
chemistry,  physics  and  art 

*6.  Gesner,  Coal  Oils,  (Bailliere,  1666). — This  is  a  new  edition  of  a 
worjc  noticed  in  a  previous  number  of  this  Journal,  and  contains  many 
interesting  details  respecting  the  remarkable  development  of  the  Petro- 
leum indui^try  in  the  United  Sitates. 

7.  Tours  of  a  Chess  Knight,  by  S.  S.  Haldeman  ;  Philadelphia,  E. 
H.  Butler  «fe  Co.,  1864,  16mo.,^0  pp.,  114  figures;  also  Bibliography  of 
the  Chess  Knight's  Tour,  (same  author  And  publishers),  42  pp. — This  little 
book  treats  ot  a  problem,  not  so  mudb  of  Chess  as  of  the  Geometry  of 
position.  The  Chess  Knight  is  required,  without  or  with  other  condi- 
tions, to  pass  over  the  sixty-four  squares  of  the  chess  board  in  succession. 
Euler  thought  the  problem  woFthy  of  an  Academic  memoir  of  27  quarto 
pages,  and  De  Jeanisch  in  his  Traiti  des  Applications  de  P Analyse  Maih- 
ematique  au  Jeu.des  Echecs  (^  vol8..8vo.)  has  devoted  to  it  all  of  the 
second  volume  and  part  of  the  first.  The  bibliography  which  forms  the 
second  part  of  ^he  present  work  has  over  sixty  references. 

Es^ay  OQ  >the  Threes  and  Shrubs  o^  the  Ancients,  beinc^  the  sabstance  of  four  lec- 
tures deliviured  befoce  the  University  of  .Oxford,  intended  to  be  supplementary  to 
those  on  Roman  .^uabandry ;  by  C.  Davbesj,  H.D^  F.R.S.,  Profl  Bot.  ete.,  Oxford. 
London.    (J.  H.  j^  J.  Parker.) 

The  Natural  History  of  the  Precious  Stones  and  of  the  Preciops  Metals,  by  C. 
W.  Kino,  BIA.,  author  of  **  Antique  Qeips,''  etc    1865.    London.    (Bell  cfe  Daldy.) 

Saturn  and  its  System,  containing  Qiscussions  of  the  Motions  (real  and  apparent) 
and  telescopic  appearance  of  the  planet  Saturn,  its  Satellites  and  Rings,  etc,  etc ; 
by  RioHARD  A.  PaocTOE,  B.A.  Illustrated  by  14  engravings  on  steel  and  copper. 
London,    (^longnian's.) 

Prehistoric  Times,  as  illustrated  by  Ancient  Remains,  and  t^ie  Manners  and  Cus- 
toms of  ModerP  Savages :  by  JoH?f  JiUBBOOK, F.R.S.  London.  (Williams  dc  Norgate.) 

Lake-hablti^tions  and  pre- historic  Remains  in  the  Turbaries  and  Marl  beds  of 
Northern  and  Crentral  Italy ;  by  Babtolomio  Gastaldl  Translated  from  the  Italian, 
and  edited  by  C.  H.  Chambers.    London.  1866.     (Longman  ^  Co.) 

Ice-Caves  of  France  and  Switzerland,  a  narrative  of  Subterranean  Exploration  ; 
by  Rev.  0^  F.  B^towNf.    London.     1865.    (Longman  dc  Co.) 

The  Anthropological  Treatises  of  J.  F,  Blumonhach,  with  Memoirs  of  liim  by 
Mabz  ii  FLOuaBNS,  aad  an  account  of  bis  Anthropological  Museum  by  Prof.  K. 
Waqner  ;  and  the  Inaugural  Dissertation  of  John  Hunter,  M.D.,  on  the  Varieties  of 
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Man.  Translated  and  edited  by  Thomas  BiNDYSHs,  M.A.  London.  1865,  (Pub- 
lished for  the  Anthropological  Society  by  Longman  dc  Co.) 

Catalojgus  systematicuo  Dipterorom  Europe ;  von  Dr.  J.  Schinkr.  Publisjied  in  a 
small  edition  by  the  zoologisch-botaniscben  Gesellschaft  of  Vienna.  Price  1  fl.  20 kr. 
Also,  by  the  same  Society,  Nouveau  Systdme  des  Blattaires,  by  Charles  finioner, 
with  18  copper  plates,  will  soon  be  published. 

L'Etudiant  micrographe :  Traits  tb^rique  et  pratique  du  Microscope  ei  des  pre- 
parations ;  par  Aethdr  Cheyauee.  With  200  figures  in  the  text,  and  plates  of  SCO 
Infusoria.  2nd  ed.,  containing  applications  on  the  study  of  normal  and  pathologtcml 
histology,  by  O.  Pouchbt;  on  microscopic  botany,  by  VamHxurx  ;  on  Diatoms,  by 
A.  de  BacBissoN.    Paris.    1866.    (Adrien  Delahaye.) 

Les  metauz  pr6cieuz  consid^res  au  point  de  vue  economique,  par  M  Bqbwag  ; 
400  pp.,  with  28  figures  in  the  text  and  16  colored  plates.  Paris.  (Eugene  Jjacroiz). 
Dedicated  to  Quintino  Sella,  Mining  Engineer  and  Miuister  of  Finances  in  Italy. 

Guide  pratique  d'Entomologie  Agricole ;  par  M.  H.  GoiPIN.  Paris.  (Eugeoe 
Lacroix.) 

Verhandlungen  der  k.  k.  zoologischen-botanischen  Gesellsphaft  in  Wien.  The 
14th  volume  of  this  publicatioa  of  the  Zoologico-botanical  Society  of  Vienna  was 
issued  in  1864.  It  contains  numerous  zoological  and  botanical  papers,  and  20  cop- 
per plates,  mostly  colored,  and  covers  920  pp.  8vo.  Among  ithe  longer  papers  are 
a  systematized  list  of  the  species  of  Lepiduptera,  including  all  described  species,  by 
0.  <&  11.  FELDEa ;  a  review  of  the  names  of  fossils  and  living  species  of  the  genua 
Paludina  L€an.f  by  Gboeo  IUjteb  ton  Frausmfeld  ;  a  synonymic  synopsis  of  the 
Phryganide  by  H.  Haybn  ;  Batrachological  contributions  by  Dr.  'Franz  Steindach- 
MER.  There  are  also  various  miscellaneous  zoological  papers  by  Dr.  Frauenfeld  ; 
one  on  the  Cecidomyia  destructor  (wheat  insect)  of  JSay,  by  Prof  Haberlamdt;  a 
new  system  of  the  Diptera,  by  Dr.  J.  R.  Schimer  ;  and  many  others  of  interest, 
botanical  as  well  as  zoological 

Annals  of  the  Lvoeum  Nat.  Hist,  of  New  York.  Vol.  VIII.  Nos.  2,  8.  1864. 
— p.  4,  Descriptions  of  New  Species  of  Birds  of  the  Families  Tanagridiei  QiculidaB 
and  Ti-ocbilidffi  with  a  Note  on  Panterpe  insignis ;  G,  N.  Zawrencc—j^  46,  Sum^ 
mary  of  a  Meteorological  Register  for  the  year  1868  kept  in  the  City  of  New 
York ;  Prof.  0.  W.  Morris. — p.  >60,  On  Ammobroma,  a  New  Genus  of  Plants, 
allied  to  Corallophyllum  and  Pholisma ;  J.  Torrey. — p.  67,  Notes  on  Species  of  the 
Family  Corbiculadse  with  Figures ;  T.  Prime. — p.  92,  Catalogue  of  Birds  collected 
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Art.  XXX. — On  the  Origin  of  Prairies;  by  James  D.  Dana. 

In  the  articles  on  the  Origin  of  Prairies  recently  communi- 
cated to  this  Journal  by  Prof.  Winchell  and  Mr.  Lesc[uereux,* 
presenting  independent  theories,  the  view  that  this  origin  is  in 

'  See  for  Prof.  Wiocbell'a  paper,  xzzriii,  p.  382,  and  for  Mr.  Leequeretiz's,  zzxix, 
817,  uid  xl,  28.  Prof.  WiDchell  supposes  that  the  soil  of  the  prairies  is  of  lacos- 
trine  origin,  produced  during  an  epoch  of  a  vast  inland  freah-water  sea  following 
the  glacial  epoch;  and  that  in  the  silt  or  "* slime"  of  such  a  sea  all  pre-existing 
teed  would  ctisappear,  so  that  the  vegetation  that  would  spring  np  oyer  the  recor- 
ered  land  would  ne  only  that  which  seeds  transported  from  distant  regions  would 
afford,  and  that  this  '*  was  more  likely  to  be  herbaceous  than  arboreal." 

Mr.  Lesquereuz  holds  that  the  prairie  land  was  recovered  from  the  borders  of 
lakes,  rivers,  and  seas,  (fresh  or  salt),  by  a  process  like  that  exemplified  now  on  the 
borders  of  Lake  Michigan  and  the  Mississippi,  Minnesota  and  other  rivers,  in  which 
the  region  becomes,  to  a  great  extent,  first  a  flat  of  shallow  waters,  and  then  a 
marsh  or  bog,  and  that  such  soil,  or  mould,  owing  to  the  nature  of  the  moss.  Con- 
fervas, Characes,  etc.,  which  grow  in  stagnant  waters  and  contribute  to  it,  becomes 
Dext,  as  a  matter  of  course,  covered  with  sedges  and  grass.  This  resulting  mould, 
be  observes  on  p.  818,  partakes  *'as  much  of  the  nature  of  peat  as  of  that  of  true 
humus ; "  it  is  **  impregnated  with  a  large  proportion  of  ulmic  acid,  produced  by  the 
slow  decomposition,  mostly  under  water,  '^of  aquatic  plants ; "  and  **  the  acid  of  tliis 
soil,  by  its  particularly  antiseptic  properties,  promotes  the  growth  of  a  group  of 
plants  mostfy  herbaceous,"  while  the  want  of  a  free  access  of  oxygen  is  unfavor- 
able to  trees.  He  adds,  **  of  all  the  trees,  the  tamarac  is  the  only  species  which,  in 
our  northern  climate,  can  grow  on  a  peaty  ground." 

This  explanation  is  stated  to  cover  almost  all  cases  of  natural  prairies,— those 
"  between  the  base  of  the  Rocky  Mountains  and  the  Mississippi,"  the  **  PUtas  of 
the  Paraguay  and  Madeira,"  the  •*  Pampas  of  Brazil,"  "  the  desert  plains  of  the 
western  salt  lakes  f  while  in  *'  the  natural  meadows  of  Holland,"  **  the  plains  on 
the  shores  of  the  North  Sea  and  the  Baltic,"  <'the  vast  steppes  of  the  Caspian," 
etc,  etc,  there  are  "  the  same  appearances,  and  the  same  results  of  a  gentral  iden- 
tiod  action,  modified  only  by  looil  and  mostly  climatic  circumstances." 
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any  way  due  to  the  dryness  of  the  climate  is  unnoticed  except 
with  the  endeavor  to  set  it  aside. 

The  writer,  in  his  Manual  of  Geology,  makes,  on  the  con- 
trary, the  degree  of  moisture  the  most  influential  of  all  causes 
that  tend  to  determine  either  the  presence  of  forests  or  absence 
of  prairies.  This  idea,  although  not  claimed  as  original  with 
him,"  is  the  result  in  his  mind  of  original  observations  made  in 
various  parts  of  the  world;  and  he  proposes  briefly  to  state  some 
of  the  facts  in  its  favor  which  he  has  noticed. 

On  arriving,  in  1839,  off  the  north  side  of  the  island  of  Tahiti, 
one  of  the  first  of  the  Pacific  islands  visited  by  the  Exploring 
Expedition  under  Capt.  Wilkes,  it  was  a  matter  of  much  sur- 
prise that  the  land,  so  famed  for  its  tropical  fertility  and  beauty, 
was  bare  of  trees  over  the  lower  ten  or  fifteen  hundred  feet  of 
its  slopes,  the  forest  trees  being  confined — the  valleys  excepted — 
to  regions  above  this  limit.  The  explanation  was  at  once  sug- 
gested— that  the  bare  backs  forming  the  sloping  surface  that  lay 
between  the  valleys  were  too  dry  for  trees,  in  contrast  with  the 
region  higher  up,  which  was  one  of  very  frequent  clouds,  mists 
and  rains.  The  existence  of  forests  in  the  valleys  stretching 
down  below  the  limit  accorded  with  the  explanation ;  for  there 
the  declivities  were  dripping  with  moisture  coming  out  firom  be- 
tween the  nearly  horizontal  layers  of  the  rocks,  besides  being 
the  courses  of  many  streamlets  from  the  moister  region  above, 
and  the  route  of  all  its  rills.  Observations  afterwards  made 
on  the  ascent  of  one  of  the  lofty  summits  of  the  island,  and  on 
other  excursions,  confirmed  this  inference.  Over  the  bare  slopes 
there  were  no  marshy  areas;  and  there  was  positive  proof  in 
the  structure  of  the  island,  the  dip  of  the  rocks  beneatn  being 
always  seaward,  and  in  the  nature  of  the  surface,  that  there 
never  had  been  such  areas ;  while  on  the  upper  slopes,  where 
moisture  was  abundant,  and  the  ground  often  boggy,  trees  were 
of  luxuriant  growth. 

Similar  facts  were  observed  on  other  Pacific  Islands.  One  of 
them,  TJpolu,  of  the  Navigator  group,  "  was  covered  through- 
out with  forests ;  or  rather  it  was  one  dense  forest  from  the  ex- 
treme east  to  the  west  end,  and  from  the  water's  edge  to  the  very 
summit  of  the  most  rugged  peaks.  The  natives  had  spreaid 
their  cocoanut  groves  and  bread  fruit  trees  along  the  snores, 
but  in  many  places  the  line  of  forests  remained  vet  unbroken. 
Shrubberv  and  sugar  cane  covered  some  parts  of  the  lower  de- 
clivities, but  there  was  nowhere  a  spot  or  pasture  land."  Par- 
allel with  this  condition  "the  island  is  in  general  well- watered. 

'  Among  authors  who  have  advocated  this  view,  Professor  Gnyot  may  here  be 
mentioned ;  and  since  th&  preparation  of  this  paper,  the  writer  has  learned  Uiat 
this  eminent  physical  geographer  has  in  hand  a  memoir  on  the  connection  between 
the  distribution  of  forests  over  the  world  and  that  of  moisture  and  the  caosee  of  the 
latter. 
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There  IS  scarcely  a  day  without  low  and  heavy  clouds  about  the 
summits  of  the  mountains.  Many  streams  of  moderate  size  flow 
down  both  sides  of  the  island  to  the  sea,  and  numerous  fountains 
gush  out  along  the  shores.' 

Again  at  the  Feejee  Islands  "luxuriant  forests  cover  the  ele- 
vated parts  of  the  ridges  where  the  frequent  rains  and  more  fre- 
quent mists  and  clouds  afford  them  the  necessary  moisture," 
while  lower  down,  "  the  slopes,  especially  to  leeward,  are  cov- 
ered with  grass ; "  "  the  forest  vegetation  descends  lower  on  the 
eastern  declivities  because  they  are  well  supplied  with  moisture 
from  the  trade  winds — the  rain  of  the  soutneastern  side  of  Viti 
Lebu  at  least  trebling  that  of  the  opposite  side."* 

The  rocks  at  the  Navigators  and  the  Feejees  are  of  volcanic 
or  igneous  origin,  like  those  of  Tahiti,  and  similar  to  the  latter 
in  composition  and  structure. 

On  the  western  coast  of  America  the  distribution  of  trees  was 
found  to  sustain  the  same  view,  as  the  writer  has  already  ex- 

Elained  in  this  Journal.*  Oregon,  along  the  sea-border,  over  a 
readth  of  15  to  25  miles,  is  mostly  covered  with  forests  made 
up  of  large  evergreens,  some  of  the  trees  being  800  feet  in 
height  and  50  in  girt;  and  the  heavy  sea-mists  extend  inland  for 
about  the  same  distance,  covering  the  land  the  greater  part  of 
the  time,  even  through  the  period  of  the  summer  droughts. 
And  on  the  ascent  of  the  Columbia,  there  is  usually  in  summer 
a  sudden  transition  from  the  mist  region  to  that  of  clear  brazen 
skies.  Eesiding,  in  July  1841,  at  Astoria,  within  20  miles  of 
the  mouth  of  the  river,  for  three  weeks  wo  had  hardly  one  day 
clear  throughout;  and  for  the  following  month,  at  Fort  Van- 
couver, 100  miles  from  its  mouth,  we  hardly  saw  a  cloud  the 
whole  time,  and  the  lofty  peaks  of  St.  Helen's  and  Hood  were 
generally  without  a  cloud  to  their  very  top,  indicating  the  dry- 
ness of  the  climate  over  this  interior  region. 

Beyond  the  forest  border  of  Oregon,  to  the  eastward,  the 

Elains  and  rolling  hills,  as  those  of  the  Willammet  region,  are 
are  of  trees,  excepting  a  sparse  scattering  of  oaks,  and  lines  of 
trees  on  the  borders  oi  the  rivers,  and  along  the  slope  between 
the  upper  and  lower  alluvial  flat  or  terrace.  But  the  higher 
hills,  aoove  one  or  two  thousand  feet  in  elevation,  are  largely 
forest-covered;  for  these,  owing  to  their  height  and  coolness, 
condense  some  of  the  moisture  remaining  in  the  sea-winds,  and 
have,  compared  with  the  plains  below,  a  moist  soil,  and  the 
moisture  which  falls  naturally  descends  along  the  surface.  Far- 
ther east,  beyond  the  Cascade  Range  of  mountains,  the  dryness 
of  the  climate  is  more  extreme,  and  the  forests  fail  altogether 

*  Explormg  Expedition  Geological  Report  by  the  Author.    (4to.  1 849),  p.  814. 

*  Same  Report,  pp.  889.  840. 

*  For  details  see  same  Report,  and  alao  this  Joamal,  [2],  vii,  887-894,  1849. 
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except  on  the  high  mountains ;  and  at  a  point  on  the  Columbia 
river,  about  250  miles  from  its  mouth,  there  is  the  "  last  tree  " 
on  its  banks — the  region  beyond  being  seemingly  too  dry  even 
for  the  growth  of  the  usual  river-bank  line  of  cottonwood. 

Thius  the  fact  of  a  connection  between  the  prevalence  of 
moisture  and  forests,  or  of  dryness  and  prairies,  seemed  to  the 
writer  most  evident;  and  it  appeared  to  be  a  causal  connection. 

To  the  southward,  in  the  Sacramento  region,  and  along  the 
coast,  a  similar  system  of  facts  was,  later,  observed.  The  dry- 
ness of  the  climate,  as  is  well  known,  increases  southward ;  the 
average  annual  amount  of  rain  along  the  coast  of  Oregon  is  50  to 
60  inches ;  at  San  Francisco,  California,  according  to  Gibbons,  but 
22  inches;  and  farther  south  on  the  coast,  at  the  beginning  of 
the  California  peninsula,  but  10  inches.  So  the  forest  region  of 
the  sea-border  narrows  southward,  failing  on  the  lower  lands 
before  reaching  San  Francisco,  and  only  to  be  found  on  the 
higher  hills  and  mountains  where  cold  and  elevation  secure 
moisture  from  the  passing  winds ;  and  in  the  peninsula  of  Lower 
California,  the  mountains  even  are  bare. 

In  the  latitude  of  San  Francisco,  and  farther  south,  the  Sierra 
Nevada  is  generally  bare  below  a  line  three  to  four  thousand 
feet  above  the  sea,  except  in  the  valleys ;  above  this  line  there 
are  nearly  unbroken  forests ;  and  it  is  stated  that  50  to  75  per 
cent  more  of  rain  falls  on  these  mountains  than  on  the  Sacra- 
mento prairie  plains  at  their  western  foot.  The  eastern  slope  of 
the  Sierra  is  much  drier  than  the  western ;  and  although  forests 
extend  nearly  to  the  same  line,  they  are  less  dense  and  consist 
of  smaller  trees. 

The  forests,  as  has  been  said,  reach  far  down  many  of  the 
valleys;  for  the  stratification  of  the  rocks  leads  often  to  an 
oozing  out  of  subterranean  waters ;  and  sometimes  these  forests 
stretch  out  over  the  plains  below,  or  form  isolated  patches  in 
them.  The  Sacramento  plains,  which  are  a  score  or  more  of 
miles  in  width,  are  ordinarily  covered  with  grass  in  scattered 
tufts,  like  those  of  the  Willammet,  and  have  in  some  parts  sim- 
ilar "oak-openings."  But  in  one  spot,  near  Feather  River,  we 
observed  ahead,  with  some  surprise,  a  thickly-planted  grove  of 
oaks.  The  surprise  was  removed,  on  reacning  the  spot,  by 
finding  that  the  soil  below  was  for  some  reason  quite  moist; 
sufficient  to  make  the  grass  of  the  region  green,  although  over 
the  rest  of  the  plain  it  was  then  (in  November)  as  dry,  and  to 
all  appearances  as  dead,  as  hay.  As  the  moisture  gradually  di- 
minished around  the  borders  of  the  area,  the  trees  were  corres- 
pondingly more  and  more  widely  spaced,  and  the  grass  shaded 
oflf  into  the  prevailing  hay-color. 

Other  personal  observations  made  abroad  might  here  be  men- 
tioned.   But  we  may  pass  to  some  well  known  facts  nearer 
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home  which  equally  sustaia  the  view  that  forests  belong  to 
moist  climates,  and  prairies  to  those  that  are  comparatively  dry. 

As  America  is  the  moist  continent,  and  correspondingly  the 
forest  continent  of  the  globe,  as  styled  by  Guyot,  so  North 
America  itself  graduates  from  forest  to  prairie  land,  or  the  re- 
verse, in  parallelism  with  the  variations  in  moisture.  In  the 
United  States  forests  originally  prevailed  with  almost  unbroken 
continuity  over  the  parts  which  receive  the  greatest  amount  of 
rain  with  the  least  amount  of  evaporation,  and  prairies  or  semi- 
deserts  where  the  amount  is  small.  Over  the  eastern  portion  of 
the  continent,  from  the  Gulf  states  to  Labrador,  including  the 
most  of  New  England  and  New  York,  the  Atlantic  states,  and 
all  of  Tennessee  and  Kentucky,  the  annual  fall  of  rain  is  40  to  45 
inches  or  more;  while  in  Michigan,  the  state  which  has  afforded 
many  of  the  facts  appealed  to  by  both  Professor  Winchell  and  Mr. 
Lesquereux,  it  is  only  80  inches;*  in  a  large  part  of  Ohio,  Indiana 
and  Illinois,  and  in  New  York  toward  the  St.  Lawrence,  it  is  83 
to  40 ;  .and  beyond  the  Mississippi  west  of  Kansas  and  Iowa,  it  is 
25  to  15,  and  even  10  inches.  Parallel  with  the  increase  of  dry- 
ness, as  all  know,  there  is  an  increase  in  the  dominance  of  prairie 
land;  and  the  prairies,  where  the  dryness  is  most  extreme,  grad- 
uate into  semi-dcvserts.  Such  facts  seem  surely  to  prove  that 
natural  prairies  have  some  kind  of  relation  to  dryness  of  climate, 
and  that  moisture  has  as  much  to  do  with  the  prevalence  of 
forests. 

Over  the  moister  region  of  New  York,  and  much  of  New 
England  and  other  portions  of  the  country,  it  is  common  to  find 
not  only  the  hills  and  upper  alluvial  plains  (or  upper  terraces  of 
the  valleys)  covered  with  forests,  where  they  are  still  in  a  state 
of  nature,  but  even  the  lower  flats  bordering  the  rivers.  The 
writer  spent  his  early  life  at  Utica,  N.  Y.,  in  the  Mohawk  valley ; 
and  facts  sustaining  this  remark  are  well  exhibited  all  along 
that  region.  Forests  still  cover  some  parts  of  the  lower  flats, 
although  they  have  been  mostly  cut  away  for  purposes  of  culti- 
vation; and  they  continue  north  and  south  over  the  upper  ter- 
races and  on  over  the  high  hills.  The  writer  was  through  the 
valley  the  past  summer,  and  observed  forest  patches  on  the 
lower  flats  (or,  where  the  forests  are  gone,  the  old  stumps,)  at 
several  places  between  Utica  and  Herkimer,  over  the  Herkimer 
flats,  between  Herkimer  and  Little  Falls,  between  Little  Falls 
and  Johnsville,  and  also  east  of  Johnsville.  These  forest 
patches  have  generally  been  left  where  they  occur  because  these 
places  were  too  moist  or  swampy  for  cultivation,  or  required 
more  draining  than  the  value  of  the  land  seemed  to  warrant. 

West  of  Utica,  near  Oriskany,  there  are  large  bogs  which  are 
so  wet  the  year  around  that  they  are  hardly  penetrable  unless 

*  See  Blodget's  Rain  Chart,  Army  Meteorological  Register.    4to,  1806. 
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when  frozen  over  in  winter;  and  still  they  are  covered  with 
forests. 

The  soil  of  these  lower  flats  is  often  the  finest  of  silt,  such  as 
naturally  belongs  to  bogs  and  lakes;  and  varies  from  this  on 
one  side  to  peat,  and  on  the  other  to  sandy  loam ;  and  that  of 
the  upper  terraces  and  hills  varies  from  sandv  loam  to  gravel 
and  tne  coarsest  and  hardest  of  drift*material.  Yet  all  these 
different  kinds  of  soil  are  covered  alike  with  forests.  There  are 
small  lakes  or  ponds  with  their  borders  of  rushes  and  sedge, 
swamps,  peat  bogs,  and  river  bottoms,  like  those  described  by 
Mr.  Lesquereux ;  but  none  of  the  swamps,  peat  bogs  and  river 
bottoms,  with  small  exceptions,  have  become,  or  show  a  tend- 
ency  to  become  praines  by  natural  change,  however  acid  or 
unfavorable  for  trees  the  soil  may  be.  The  passage  is  in  general 
from  swamp  to  forest  instead  of  from  swamp  to  prairie. 

Dr.  Asa  Gray,  in  a  recent  letter  to  the  writer  dated  Sauquoit, 
N.  Y.,  which  is  in  the  vicinity  of  the  Mohawk  Valley,  observes 
that  in  the  transformation  of  the  bogs  of  that  region  (which  in 
part  have  rush-bordered  lakes  at  centre)  to  forest  land,  the  tree 
that  in  his  observation  comes  farthest  out  into  the  bog  is  uni- 
formly the  Larch,  young  trees  growing  on  very  shaky  treacher- 
ous l>og;  but  that,  according  to  J.  A.  Paine,  Jr.,  an  able  bot- 
anist of  Utica,  in  the  North  Woods  Black  Spruce  extends  out 
as  far  as  the  larch.  The  next  tree  to  the  larch,  and  not  far 
behind  it,  is  the  Arbor-vitoB,  (Thuja  occidentalis) ;  the  next  Black 
Ash;  the  next  Bed  Afaple^  (Acer  rubrum);  then,  as  it  grows 
drier,  Birch;  then  Elm,  (Ulmus  Americana).      Alder,   which 

\runs  out  on  the  bog  almost  as  far  as  the  larch,   is  not  here 
counted,  it  being  regarded  as  a  shrub.    The  "Cedar"  (Arbor- 
!  vitae)  swamps,  which  are  the  remnants  of  the  very  extensive 

\J  ones  of  Pansihill  and  Sangerfield,  and  from  which  the  cedar 

has  been  cut  out,  and  which  are  gradually  drying,  are  already 
becoming  filled  with  black  ash,  with  a  sprinkling  of  red  maple, 
and  especially  of  elm. 

The  great  lake  regions  of  Maine  afford  facte  of  similar  import. 
I  cite  the  following  from  observations  made  the  last  summer,  at 
the  suggestion  of  the  writer,  by  Prof  A.  E.  Verrill,  of  Norway 
in  Maine,  (now  of  Yale  College),  and  communicated  by  him 
(from  Westport,  N.  Y.,  on  Lake  Champlain,)  for  this  article: 

"  The  points  which  I  had  in  view  in  my  observations  were  the  following : 
Ist,  the  succession  of  vegetation  as  a  lake  changes  to  a  swamp,  and  then 
to  dry  land;  2nd,  when  swamps  become  permanently  flooded  what 
changes  occur  in  the  vegetation ;  dd,  when  lakes  or  swamps  are  drained 
what  eflfects  are  produced ;  4th,  whether  natural  meadows  are  ever  pro- 
duced in  our  climate,  and  under  what  circumstances  will  grass  or  trees 
flourish  best 

There  are  in  Maine  abundant  opportunities  for  studying  almost  every 
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change  which  can  occur  independent  of  climate  in  the  vegetation  of  the 
lake  niargiDS,  swamps,  and  meadows,  both  recent  and  ancient 

Near  Norway  I  found  a  lake,  one  part  of  which  has  been  gradually 
changing  to  a  bog,  and  presenting  all  gradations  from  the  open  lake  to  a 
comparatively  dry  swamp.  Approaching  the  bog,  the  water  becomes 
shoal  and  the  bottom  is  composed  of  black,  soft  vegetable  mud  of  great 
depth,  the  surface  of  the  mud  supporting  a  variety  of  aouatic  plants  in 

f)atches.  In  still  shoaler  water  clumps  of  sedges  and  rushes  appear  col- 
ecting  around  old  stumps,  driftwood,  ifec,  and  at  the  same  point  there 
are  spots  where  various  Ericaceous  shrubs  (such  as  Andromeda  polifolia, 
Kalmia  glauca,  Cassandra  calyculata,  Ledum  palustre,  d^c).  with  the 
Alder  (Alnus  inc^ina)  begin  to  form  dense  patches  of  shrubbery  bog- 
land.  Back  of  this  these  patches  begin  to  blend,  and  other  species  are 
added  to  the  shrubs,  while  the  drift  logs,  ^c,  give  support  to  an  abund- 
ance of  sphagnum  and  herbaceous  plants,  and  now  trees  of  Arbor-vitie 
and  Swamp-ash  begin  to  find  support,  first  taking  root  apparently  on  the 
old  logs  overgrown  with  vegetation  and  covered  with  mould,  but  the  roots 
extend  downward  into  the  soft  mud  and  water.  Both  these  trees  will 
ffrow  where  their  roots,  and  even  the  bases  of  their  trunks,  are  continually 
bathed  in  water.  Farther  back  in  the  swamp  these  two  trees  become 
larger  and  more  dense,  and  are  mixed  with  fir,  alder,  larch,  and  an  oc- 
casional white-pine  and  hemlock;  the  latter,  however,  only  becomes 
common  upon  the  drier  borders  of  the  swamp.  The  red  maple  also  often 
grows  in  these  swamps,  in  the  firmer  spots.  Many  other  shrubs  also  oc- 
cur, such  as  Rhodora  Canadensis,  Ealmia  angustifolia,  Vaccinum  (several 
species),  Myrica  Gale,  (fee.  The  entire  assemblage  constitutes  a  dense 
forest  with  thick  underbrush.  Some  of  the  Arbor-vitse  grow  to  a  diam- 
eter of  three  feet,  and  the  Ash  to  16  or  18  inches,  in  the  wettest  parts. 

The  final  condition  of  this  kind  of  swamp  may  be  seen  in  another 
place  a  few  miles  distant,  where  an  extensive  meadow  has  been  formed  by 
clearing  a  portion  of  such  a  swamp  in  a  farther  advanced  stage,  and  par- 
tially draining  it.  This  has  been  cleared  about  fifty  years.  It  was  form- 
erly covered  by  a  forest  similar  to  that  described,  and  some  portions  still 
remain  in  the  original  condition.  Other  parts  that  have  been  neglected 
have  grown  up  to  thickets  of  alder,  white  birch,  American  aspen,  and 
other  trees.  The  grassy  portion  covers  300  acres,  or  more,  and  in  many 
parts  is  still  quite  wet  and  soft.  The  soil  is  composed  of  peat  and  muck 
which  in  many  places  has  been  penetrated  to  the  depth  of  6  or  8  feet, 
and  is  doubtless  deeper  in  some  parts.  On  some  patches  of  low  clayey 
soil,  originally  islands  or  low  points  of  land,  there  are  dense  thickets  of 
larch. 

In  the  same  region  there  is  another  extensive  meadow  surrounded  by 
high,  well  defined  banks  of  drift  material,  often  terraced,  and  forming 
apparently  the  bottom  of  an  ancient  lake  at  the  close  of  the  Drift  periodl 
The  lower  parts  of  this  basin  are  occupied  by  extensive  swamps,  similar 
to  those  already  described,  while  other  parts,  composed  of  sandy  soil  and 
somewhat  higher,  were  originally  covered  with  a  heavy  forest  of  Pine, 
There  is  no  evidence  that  grass  ever  grew  upon  any  part  of  it  until 
cleared  by  man. 

I  have  observed  some  cases  where  lands  have  been  flowed  by  means  of 
dams  at  the  outlets  of  lakes.    In  these  oases,  those  trees,  even  of  swamp- 
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ash  and  arbor*vit«,  which  have  their  trunks  submerged  to  the  depth  of 
two  or  three  feet  are  invariably  killed  after  some  time. 

1  have  met  with  but  two  cases  of  lakes  recently  drained.  In  one  of 
these,  a  heavy  crop  of  grass  was  produced  the  first  year,  chiefly  of  **  blue- 
joint,"  if  I  remember  rightly,  but  in  subsequent  years  the  lake  bottcnn 
grew  up  with  great  rapidity  to  a  thicket  of  alder,  willow,  poplar,  ka. 

In  the  other  case,  coarse  grass,  sedges  and  other  herbaceous  plants  pre- 
vailed for  a  year  or  two  but  very  soon  gave  place  to  a  rank  growth  of 
various  forest  trees,  including  alder,  white  birch,  willow,  poplar,  red 
maple,  <fec. — the  alder  and  willow  growing  most  rapidly.  I  have  no 
reason  for  supposing  that  the  trees  did  not  vegetate  the  first  year;  they 
became  conspicuous  as  they  grew  higher  than  the  grass  and  other  herba- 
ceous plants. 

All  of  the  phenomena  observed  in  Maine  also  appear  in  this  region. 

On  the  coast  of  Labrador,  and  especially  at  Anticosti,  very  extensive 
peat-bogs  occur  under  similar  circumstances.  On  the  southeastern  side 
of  Anticosti  there  is  a  bog  bordering  the  coast  for  70  or  80  miles,  and 
often  7  or  8  miles  wide,  composed  of  peat  of  considerable  thickness  where 
exposed  by  the  encroachment  of  the  sea.  In  the  midst  of  these  bogs 
there  are  often  small  lakes  or  pools  of  stagnant  water.  The  surface  of 
the  bogs  or  heaths  is  covered  thickly  by  sphagnum  and  by  a  variety  of 
Ericaceous  shrubs.  Vaccinum,  (several  species),  Ealmia,  Rhodora,  Le- 
dum, Rubus,  Ohamaemorus,  <fec.,  abound.  Occasionally  in  the  shallow 
pools  and  in  wet  depressions  there  are  patches  of  sedges  and  coarse 
grasses;  but  dense  clumps  of  alder,  larch  and  other  trees  occur  scattered 
over  the  surface,  while  immediately  about  the  shores  of  the  lakes  there 
are  usually  dense  thickets  of  these  trees  mingled  with  some  spruce  and 
white-birch  (canoe  birch).  The  last  two  trees  form  the  chief  part  of 
the  forests  away  from  the  bogs.  In  no  case  have  I  observed  patches  of 
grassy  land  occurring  naturally  of  any  considerable  extent  away  from 
the  immediate  sea-shore.  But  the  coast  of  Anticosti  is  everywhere 
fringed  by  a  belt  of  coarse  grass,  (Elymus  mollis,  ^c,)  mingled  with 
various  flowering  plants.  This  belt  sometimes  widens  into  large  patches 
at  the  mouths  of  streams. 

The  smaller  low  islands  that  are  occasionally  swept  by  the  spray,  usu- 
ally support  a  dense  growth  of  the  same  grasses  and  herbs,  but  the 
higher  islands,  as  well  as  those  of  larger  size,  are  covered  by  thickets  of 
spruce,  fir,  larch  and  birch. 

From  these  facts  you  can  draw  whatever  conclusion  you  may  think 
justifiable ;  but  I  think  it  evident  that  in  our  climate  trees  will  invariably 
vegetate  in  the  wettest  soil  and  even  displace  grass  where  it  has  already 
become  established." 

The  facts  described  by  Prof.  Verrill  are  so  full  and  explicit  in 
favor  of  the  possibility  of  lakes,  peat-lands  and  swamps,  passing 
at  times  directly  to  K>rest  land,  that  it  is  unnecessary  to  cite 
additional  observations. 

In  this  connection  it  is  important  to  note  some  of  the  condi- 
tions essential  to  the  self-propagation  of  trees.  We  mention  a 
few  well-known  facts: 
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a.  Elms,  maples,  and  other  shade  trees  drop  their  fruit  pro- 
ftisely  over  a  grass-covered  lawn,  and  yet  none  take  root.  The 
grass  prevents  the  seeds  for  the  most  part  from  reaching  the 
soil ;  or  if  washed  into  it  by  rains,  the  pre-occupation  by  the 
grass  hinders  their  development. 

6.  But  along  the  sides  of  an  earth-made  path,  and  in  shaded 
places,  as  near  a  fence  or  hedge,  a  crop  of  young  plants  will 
often  spring  up. 

c.  These  young  plants,  as  the  writer  has  observed  about  his 
own  grounds,  die  off  during  an  ordinary  summer's  drought. 
Only  those  which  spring  up  where  the  earth  is  kept  moist  by 
the  shade  and  the  position  is  one  favorable  for  perpetuated 
moisture,  and  those  which  fall  into  the  open  and  enriched  soil 
of  a  garden,  will  stand  the  usual  summer's  drought  and  live. 

rf.  The  simple  fact  is  that  the  roots  of  most  trees  are  slender 
and  rather  sparingly  branched,  and  the  leaves  also  are  few ;  and 
unless  they  have  a  chance  to  strike  deep  before  a  drought,  down 
to  depths  where  there  is  permanent  moisture,  and  take  consider- 
able expansion  at  such  depths,  they  are  cut  oflF  by  the  dry 
season.  Even  if  a  peculiarly  wet  summer  favors  the  seedlings 
so  that  they  get  a  year's  start,  the  drought  of  the  following  year 
is  almost  sure  to  cut  them  down. 

In  view  of  the  facts  we  believe  we  are  safe  in  deducing  the 
following  conclusions : 

1.  A  prevalence  of  moisture  is  connected  directly  with  a  preva- 
lence of  forests. — This  is  exhibited  in  the  distribution  of  forests 
over  the  surface  of  the  continent;  on  mountains;  down  the  val- 
leys of  mountains,  where  outcropping  layers  bring  moisture 
to  the  surface;  along  the  slopes  dividing  the  alluvial  terraces  of 
many  prairie  regions,  where  moisture  oozes  out  for  the  same 
reason — the  stratification  of  the  alluvium;  over  many  prairie 
plains  when  they  are  unusually  moist;  and  along  the  banks  of 
rivers,  which  feel  even  the  narrow  fogs  that  may  overlie  the 
stream. 

To  avoid  misapprehension  of  this  statement  it  should  be  con- 
sidered that  this  moist  condition  is  not  proportioned  necessarily 
to  the  annual  fall  of  rain  and  snow.  For  the  mists  which  pre- 
vail throughout  the  year  along  some  sea-coasts,  and  in  some 
mountainous  regions,  may  not  drop  half  the  amount  of  moisture 
in  a  year  that  descends  through  rain  and  snow  in  other  regions, 
and  still  be  vastly  more  favorable  for  forests.  The  mist  keeps 
the  ground  always  moist.  The  rains,  on  the  contrary,  may  de- 
scend plentifully  during  half  the  year  and  give  a  large  number 
of  inches  of  fall,  and  yet  be  followed  by  a  season  of  drought 
unfavorable  to  forests.  Moreover,  a  large  part  of  the  waters  of 
rivers  flow  off  in  the  streams  to  distant  regions ;  while  the  more 
Am.  Joue.  Soi.— Second  Series,  Vol.  XL,  No.  120.— Nov.,  1865. 
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gently  distilling  mists  keep  the  ground  thoroughly  wet,  and  lose 
much  less  by  running  off.  Hence,  the  regions  of  the  greatest 
fall  of  moisture  on  a  rain-chart  do  not  necessarily  correspond 
with  those  of  the  greatest  extent  of  forests.  The  area  of  even 
"45  inches  "  over  the  United  States  is  not  necessarily,  therefore, 
an  area  throughout  of  forests. 

Again,  the  effects  of  the  falls  of  moisture  in  the  shape  of  rain 
mists,  &c.  depend  much  on  the  heat  of  the  region,  because  of 
the  consequent  difference  in  evaporation.  With  a  cool  climate, 
like  that  of  the  coast  of  Oregon,  there  is  comparatively  little 
evaporation,  and  the  moisture  lies  long  in  the  soil.  But  the 
same  moisture,  from  the  same  kind  of  mists,  on  a  coast  like  that 
of  Peru  should  produce  much  less  effect.  Forty  inches  of  rain 
in  a  year  about  a  mountainous  region,  or  in  a  cool  climate,  would 
have  far  greater  effect  toward  keeping  the  soil  moist  than  in 
those  low  lands  which  lie  in  the  same  latitudes  in  the  Missis* 
sippi  valley.  It  has  been  stated  that  the  amount  of  rain-fall  in 
the  Sierra  Nevada  is  50  to  75  p.  c.  more  than  in  the  Sacramento 
and  Joachim  plain  on  the  east ;  but  the  effect  of  this  moisture 
on  vegetation  is  vastly  greater  than  this  on  account  of  the  cooler 
climate  of  the  heights. 

2.  In  a  moist  region  soils  of  all  hinds  not  under  water  may  be- 
come forest-covered^  from  the  finest  silt  to  the  coarsest  and  loosest 
gravely  from  tlie  sourest  marsh  mud  and  drying  peat  swamp  to  the 
most  fertile  alluvium, — This  is  shown  through  eastern  North 
America,  and  has  been  illustrated  by  reference  to  facts  in  the 
States  of  New  York  and  Maine. 

Yet,  where  there  is  only  a  moderate  supply  of  moisture,  the 
different  kinds  of  soil  will  manifest  their  differences  in  unlike 

Sroductiveness  in  trees.  The  loose  gravel  is  quick  to  feel 
roughts;  the  clayey  soil  much  less  so;  the  best  vegetable 
mould  still  less  so.  The  fact  that  trees  will  not  grow  over  soils 
permanently  submerged  does  not  require  us  to  admit  that  when 
the  same  region  has  become  comparatively  dry  the  soil  is  still 
unfit  for  trees.  When,  on  the  first  recovery  of  the  land,  grass 
takes  possession  of  the  surface,  forests,  in  moist  regions,  may 
\       soon  spread  and  dispossess  it. 

\  3.  Urass-regions  may  encroach  on  forest-regions^  or  the  reversCj 

according  to  Vie  dryness  or  moistness  of  the  country, — Where  the 
ground  is  permanently  moist,  the  meadow  seldom  makes  progress 
against  the  trees.  Thus  the  line  of  forest  which  covers  tne  slope 
lying  between  two  terraces,  so  striking  a  feature  in  some  prairie 
regions,  holds  its  place  notwithstanding  the  grass  of  the  prairie 
plain  above,  and  of  that  below  it. 

But  if  the  old  forest  covers  dry  soil,  the  grass,  or  its  precurs- 
ors in  other  plants,  may  gradually  make  an  undergrowth  among 
the  nearer  trees,  and  thus  commence  encroachment    Droughts 
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do  not  destroy  the  ffrass,  while  they  do  the  seedlings  of  the 
trees ;  and  when,  under  such  conditions,  the  old  trees  die,  they 
die  without  successors.  The  encroachment  is  the  slow  work  of 
centuries,  because  the  standing  trees  are  not  injured  by  such  an 
undergrowth.  They  live  out  their  yfe-time,  if  left  to  nature,  and 
only  when  they  die  does  the  meadow-surface  complete  itself. 

•the  forest,  as  has  been  explained,  cannot  ordinarily  encroach 
on  the  prairie.  But  if  a  prairie,  through  any  change  of  circum- 
stances, becomes  permanently  wet,  so  decidedly  so  as  to  weaken 
the  grass,  buf  not  a  region  of  permanent  water,  then  the  forest 
has  its  chance  for  encroachment. 

4.  If  moistness,  then,  is  especially  favorable  to  the  growth  of  for- 
ests^ a  change  in  the  moistness  of  a  region  occasioned  by  geological 
events  would  be  attended  by  a  change  in  the  adaptedness  to  such 
growth. — The  Champlain  epoch  of  the  Post-tertiary,  when  por- 
tions of  the  continent  over  the  higher  latitudes  were  much  de- 
pressed, (in  many  parts  800  to  400  feet),  and  the  more  southern 
much  less  so,  and  when  the  great  upper  terrace  flats  of  our  lakes 
and  rivers,  often  many  miles  in  width,  were  made,  was  a  time 
of  warmer  climate  over  the  continents  than  the  present,  as  the 
distribution  of  the  terrestrial  animal  life  of  the  era  proves.* 

It  was,  also,  as  the  same  terraces  and  the  raised  beaches  prove, 
an  era  of  wider  expanse  of  lakes  and  rivers  over  the  land.  It 
was,  therefore,  in  all  probability,  an  era  of  moister  climate 
over  these  regions  than  now.  This  being  so,  it  was  an  era  emi- 
nently favorable  for  the  growth  and  extension  of  forests,  when 
trees  would  have  taken  possession  of  the  dry  land  not  under 
water;  that  is,  wherever  it  was  not  too  dry,  as  even  then  was  prob- 
ably true  of  the  far  west.  Now,  after  this  Champlain  epoch  of  de- 
pression, an  elevation  of  the  land  began,  bringing  the  continent 
up  toward  its  present  level,  causing  a  change  of  climate  to  one 
of  greater  coolness  and  dryness,  draining  extensive  regions  that 
had  been  under  water,  and  drying  moist  areas.  Consequently, 
there  would  have  been,  from  the  beginning  of  this  change,  a 
tendency  to  a  narrowing  of  the  forest  regions ;  and,  with  such  a 
tendency,  an  actual  narrowing  would,  in  one  region  or  another, 
have  begun. 

As  the  various  parts  of  the  continent  would  have  differed  hy- 
grometrically  during  the  Champlain  epoch  in  the  same  way  as 
now,  the  great  dense  forests  of  the  continent,  on  this  side  of  the 
Eocky  Mountains,  would  have  then,  as  now,  covered  the  eastern 
portions,  and  the  great  treeless  regions  would  have  been  beyond 
the  Mississippi.  Any  subsequent  extension  of  the  prairies  that 
accompanied  the  approach  to  the  present  era  and  condition 
would,  therefore,  have  been  from  the  west  toward  the  east. 
The  prairies  would  have  gradually  stretched  their  bare  surfaces 

*  See  the  author's  Manual  of  Oeologj,  pages  547  to  667. 
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along  the  rivers,  and  made  their  winding  way  eastward  among 
forest-clad  hills,  wherever  the  dryness  of  the  soil  most  favored 
them.  There  would  thus  have  been  a  slow  yielding  of  the  soil 
to  plants  that  could  hold  their  places  in  spite  of  droughts. 

At  the  same  time  the  n^w-made  lands  about  drying  bogs, 
lake  shores,  etc.  would  have  taken  their  vegetation  from  the  aa- 
joining  regions;  the  kind  being  determined  by  the  dryness  or 
moistness  of  the  region  through  the  year ;  by  the  nature  of  the 
vegetation  that  was  most  accessible  with  its  seeds;  by  the  char- 
acter of  the  soil ;  or,  if  either  the  dryness  of  the  "Climate,  or  its 
moistness,  were  great,  very  largely  by  this  one  element  alone, 
the  dryness  determining  the  absence  of  trees  in  spite  of  all 
other  conditions,  and  the  moistness  their  presence.  Accordingly, 
there  are  interminable  forests  in  Eastern  America,  interminable 
prairies  on  the  slopes  of  the  Rocky  Mountains,  and  in  the  region 
between  an  intermingling  of  forests  and  prairies. 

The  species  of  the  Posb-tertiary  trees,  as  may  be  concluded 
from  the  observations  on  buried  fragments,  were  probably  iden- 
tical for  the  most  part,  if  not  wholly,  with  those  now  existing, 
(as  is  true  also  of  the  species  of  invertebrate  animal  life).  Our 
forests  of  modern  trees  date,  beyond  reasonable  doubt,  from  this 
remote  Post-tertiary  era.  Their  distribution  began  then,  and 
in  accordance  with  the  favoring  conditions  of  the  soil  and  cli- 
mate. At  the  present  time,  we  have  the  distribution  of  that  era 
as  it  has  become  after  being  modified  by  the  effects  of  subse- 
quent changes  of  level  and  of  climate. 

But  the  modifications  from  these  causes  are,  even  now,  far 
from  being  completed.  As  is  well  known,  there  are  extensive 
forest  regions  where  the  soil  and  climate  are  so  dry  that  if  the 
trees  were  cut  away  they  would  not  be  able  to  re-establish 
themselves.  A  conformity  between  the  distribution  of  trees 
and  the  climate  is,  consequently,  only  partially  accomplished. 
Any  cause  that  destroys  the  trees  of  a  region,  be  it  tempest,  fire, 
or  other  agency,  helps  on  this  progress. 

The  prairies  of  the  Willammet,  and  in  part  those  of  the  Sac- 
ramento, and  also  many  east  of  the  Rocky  Mountains,  have  now 
their  "oak-openings,"  or  surfaces  scattered  over  with  oaks,  15  to 
20  or  so,  to  an  acre.  But  these  trees  may  once  have  been  in 
thick  groves,  as  they  are  now  clustered  near  Feather  River,  in 
the  Sacramento  region*     (p.  296.) 

A  continent,  or  a  large  portion  of  it,  cannot  pass  from  a  oon- 
dition  of  greater  to  one  of  less  moisture  without  ultimately  ex- 
hibiting it  in  the  distribution  of  its  forests  and  prairies. 

It  is,  therefore,  no  objection  to  the  theory  here  propounded, 
that  forests,  when  cut  down,  do  not,  if  left  to  nature,  always  re- 
sume their  places,  but  give  way  to  meadows.  The  times  since 
the  ori^nal  planting  are  changed,  and  meadows  are  on  the  in- 
crease from  natural  causes,  as  well  ajs  through  the  agency  of  man. 
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Art.  XXXL — On  the  Construction  of  a  Spectroscope  with  a  num- 
ber of  prisms,  by  which  tlie  angle  of  minimum  deviation  for  any 
ray  may  be  accurately  measured  and  its  position  in  the  solar  spec- 
irum  determined;  by  Josiah  P.  Cooke,  Jr. 

In  an  extract  from  a  letter  of  the  author  published  in  thia 
Journal,  vol.  xxxvi,  p.  266,  a  method  of  adjusting  the  prisma 
of  a  compound  spectroscope  was  described,  by  which  the  ad- 
justment for  any  portion  of  the  spectrum  could  be  obtained 
with  great  rapidity  and  accuracy.  A  further  study  of  the  sub- 
ject has  shown  that  the  method  of  adjustment  then  only  briefly 
described  admits  of  the  highest  precision,  and  may  be  applied  to 
the  exact  measurement  of  the  angle  of  minimum  deviation  of 
the  spectrum  rays.  It  has  been  thus  possible  to  apply  the  great 
dispersive  power  of  the  large  Cambridge  spectroscope  in  deter- 
mining the  relative  position  of  the  various  spectrum  lines,  and 
to  secure  all  the  accuracy  of  which  angular  measurements  are 
capable.  The  value  of  such  measurements  is  obvious,  and  with 
the  hope  that  this  method  will  prove  to  be  an  assistance  to  in- 
vestigators we  propose  to  give  in  this  paper  a  description  of  our 
instrument  and  of  the  manner  of  using  it. 

The  general  construction  of  the  instrument  is  shown  in  fig.  1. 


The  two  telescopes  are  constructed  in  the  usual  way.  The 
telescope  A,  which  we  shall  call  the  collimator,  has  an  adjust- 
able slit  placed  exactly  at  the  focus  of  the  object  glass.  The 
small  tube  which  carries  the  slit  slides  into  the  body  of  the  tel- 
escope, but  a  rack  and  pinion  motion  would  be  preferable,  so 
that  when  the  focus  is  changed  the  slit  will  necessarily  remain 
vertical.  The  rays  of  light  diverging  from  the  slit  and  rendered 
parallel  by  the  object  glass  of  the  collimator  next  pass  through 
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a  series  of  prisms  adjusted  around  a  conical  wheel,  which  will 
be  soon  described,  and  are  then  received  by  the  telescope  B. 
The  spectrum,  which  is  formed  at  the  focus  of  the  object  glass 
of  this  telescope,  is  examined  with  eye-pieces  of  diflferent  mag- 
nifying powers  in  the  usual  way.     The  object  glasses  of  the  tel- 
escopes are  2^  inches  in  diameter  and  have  a  focal  length  of  15J 
inches.   They  rest  in  Y's  and  are  provided  with  spirit  levels  and 
adjusting  screws.      The  frames  which  hold  the  telescopes  are 
supported  on  pivots  turning  in  sockets  at  the  ends  of  two  arms 
connected  with  the  body  of  the  instrument  and  may  be  clamped 
in  any  position.     The  arm  which  carries  the  collimator  is  per- 
manently attached  to  the  main  iron  plate,  but  the  arm,  wnich 
carries  the  observing  telescope  may  be  moved  around  the  plate. 
The  details  of  the  construction  are  shown  in  fig.  2,  which 
is  a  section  made 
through  one  of  the 
legs  of  the  tripod 
and   the   movable 
arm,  the  telescope 
with  its  frame  and      c,^ 
pivot  having  first   f^wmm^ 
been  removed  from 
ihe  socket.     (This 
figure  as  well  as 
fig.  4  were  drawn 
to  the  scale  of  one 
inch    to    a    foot). 
The  parts  are  as 
follows:   H  is  an 
iron    tripod    with 
leveling     screws ; 
G  is  a  hollow  ma-     . -.^^ 
hogany    column   ^w^' 
with  a  conical  cav- 
ity at  the  top ;  F  is  an  iron  cone  which  rests  in  the  conical  cav- 
ity, supporting  the  whole  body  of  the  instrument  and  connected 
by  a  long  iron  rod  with  a  clamping  screw  beneath  the  tripod 
By  means  of  this  arrangement  the  instrument  may  be  turned  as 
a  whole  in  the  horizontal  plane  and  the  collimator  directed  to 
the  source  of  light.     Above  the  iron  cone  and  fastened  to  it  se- 
curely is  the  main  circular  plate  of  the  instrument,  which  is  18 
inches  in  diameter  and  |  an  inch  in  thickness.     Near  the  outer 
edge  of  this  plate  is  inserted  a  band  of  silver,  which  is  graduated 
to  10"  of  arc.     On  the  under  part  of  the  plate  there  is  a  neck 
and  Jit  the  center  of  the  upper  surface  a  socket,  which  are  accu- 
rately centered  with  each  other  and  with  the  graduated  limb. 
Around  the  neck  at  E  moves  an  iron  collar,  to  which  is  attached 
the  arm  bearing  the  observing  telescope.    This  moves,  therefbreu 
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concentric  with  the  graduated  limb  and  bears  a  vernier  by  which 
the  angular  motion  may  be  determined,  reading  to  10".  In 
the  socket  of  the  lirst  plate  rests  the  pivot  of  a  second  plate, 
C,  which  turns  on  the  first  and  supports  the  prisms  with  the  ad- 
justing wheel  A.  The  diameter  of  the  upper  plate  is  an  inch 
less  than  that  of  the  lower  plate,  so  as  to  expose  the  graduated 
arc  near  the  outer  edge  of  the  latter,  and  its  upper  surface  is  as 
flat  and  even  as  possible.  Rising  from  the  center  of  the  upper 
plate  there  is  a  tall  screw  pivot  of  iron,  B,  on  which  turns  a 
conical  wheel,  made  also  of  iron.  By  this  motion  the  wheel 
may  be  either  raised  or  lowered.  This  wheel  is  an  essential  por- 
tion of  the  instrument,  and  we  will  next  consider  the  theory 
of  its  use. 

In  the  ordinary  method  of  measuring  the  angle  of  minimum 
deviation  with  a  Babinet's  goniometer  the  prism  is  placed  on  a 
revolving  plate  at  the  center  of  the  graduated  circle,  and  so  ad- 
justed that  the  edge  of  the  refracting  angle  shall  be  perpendicu- 
lar to  the  plane  of  the  circle,  and  its  bisectrix  parallel  with  a 
diameter  of  the  circle.  The  axis  of  the  collimator  and  observ- 
ing telescopes,  moreover,  being  parallel  with,  a  diameter  of  the 
circle,  it  is  evident  that,  when  the  prism  and  telescope  are  turned 
into  the  position  of  minimum  deviation,  the  vertex  of  the  angle 
of  minimum  deviation  will  coincide  with  the  center  of  the 
circle,  and  hence  the  arc  intercepted  between  two  radii  of  the 
circle  parallel  to  the  axes  of  the  two  telescopes  will  be  the 
measure  of  the  an^le  required.  This  angle  is  practicall^r  meas- 
ured by  first  bringing  into  line  of  collimation  the  observing  tel- 
escope and  collimator,  so  that  the  image  of  the  slit  at  the  end  of 
the  collimator  coincides  with  the  vertical  wire  in  the  eye-piece 
of  the  telescope.  The  position  of  the  vernier  on  the  graduated 
arc  is  now  noted.  Then,  having  adjusted  the  prism,  both  the 
prism  and  the  telescope  are  turned  to  the  position  of  minimum 
deviation,  and  a  coincidence  established  between  the  vertical 
wire  and  one  of  the  lines  of  the  spectrum.  The  vernier  is  now 
again  read  and  the  difierence  between  the  two  readings  is  the 
angle  of  minimum  deviation  for  the  raj  corresponding  to  that 
line. 

It  will  be  obvious  however 
from  fig.  3,  that  it  is  not  neces- 
sary for  the  accuracy  of  this 
measure  either  that  the  prism 
should  be  placed  at  the  center 
of  the  circle,  or  that  the  axes 
of  the  telescope  should  be  par- 
allel^ to  one  of  its  radii.  K 
only  the  bisectrix  of  the  refract- 
ing angle  passes  through  the 
center  of  the  circle,  the  prism 
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may  be  placed  on  the  outer  rim  of  the  plate,  and  if  only  the  ra- 
dial arm,  which  carries  the  observing  telescope,  moves  concen- 
tric wiih  the  graduated  arc,  the  axis  of  the  telescopes  themselves 
may  make  any  angle  with  the  radius  whatever.  Let  Op  and 
0  J  be  two  radii  of  the  graduated  circle.  Let  Ap  and  Bq  rep- 
resent the  axes  of  the  two  telescopes  in  collimation  and  making 
any  undetermined  angles  with  the  two  radii.  Place  now  a  prism 
at  m  and  turn  the  radial  arm  Oq  into  the  position  Oy',  but  with- 
out changing  the  inclination  of  the  axis  of  the  telescope  to  the 
arm,  and  let  BmB'  be  the  angle  of  minimum  deviation.  Since 
now  the  two  triangles  qsm  and  q^so  are  similar,  it  is  evident 
that  the  angle  BwiB'  is  equal  to  the  angle  joy',  and  is  therefore 
measured  by  the  arc  intercepted  between  the  radii  Oq  and  Oq*. 

In  order  now  to  apply  this  principle  in  the  spectroscope  the 
glass  prisms  were  mounted  permanently  in  brass  frames.  The 
frames  rest  on  three  brass  pins  which  were  adjusted  by  filing 
until  the  refracting  edge  of  the  prism  was  perpendicular  to  the 
iron  place  C  fig.  2.  Two  brass  pins  were  also  attached  to  the 
back  of  each  prism  and  the  lengths  of  these  so  adjusted  that, 
when  the  prisms  are  pushed  against  the  conical  wheel,  the  bi- 
sectrix of  the  refracting  angle  snould  coincide  with  a  radius  of 
the  wheel  The  last  adjustment  was  made  with  the  aid  of  a 
guage  cut  from  a  sheet  of  tinned  iron  fitting  at  the  same  time 
the  periphery  of  the  wheel  and  the  face  of  the  prism,  which  was 
applied  alternately  on  either  side.  The  angle  of  minimum  devi- 
ation of  the  ray  D  was  then  measured  for  each  prism  in  the  fol- 
lowing way : — 

The  prism  having  been  placed  on  the  plate  with  the  pinsapplied 
to  the  periphery  of  the  wheel,  the  collimator  was  turned  on  its 
pivot,  and  at  the  same  time  the  plate  C  turned  on  its  center, 
until  on  applying  the  eye  at  the  open  slit  and  looking  through 
the  object-glass  towards  the  prism,  the  further  back  edge  of  tiie 
prism,  seen  through  the  glass  of  the  prism,  appeared  to  coincide 
with  the  nearer  back  edge  seen  directly.  When  this  is  the  case, 
it  is  evident  that  the  rays  of  light  which  reach  the  eye  from  the 
further  back  edge  of  the  prism  must  pass  through  the  glass  par- 
allel to  the  back  edge  of  the  prism,  or,  what  amounts  to  the  same 
thing,  perpendicular  to  the  bisectrix  of  the  refracting  angle,  and 
when  the  light  passes  in  this  way  the  prism  is  at  the  angle  of 
minimum  deviation.  When  the  prism  was  thus  placed  the  colli- 
mator was  turned  slightly  on  its  pivot  until  the  axis  of  the  teles- 
cope prolonged  passed  through  the  center  of  the  prism-face,  and 
was  then  securely  clamped  in  this  position.  This  adjustment  may 
be  made  with  sufficient  accuracy  by  the  unassisted  eye.  The  prism 
having  now  been  turned  one  side,  the  arm  of  the  observing  tel- 
escope was  turned  on  its  center,  and  at  the  same  time  the  tele- 
scope turned  on  its  pivot  until  it  came  into  exact  collimation  with 
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the  collimator.  In  order  to  facilitate  this  adjuBtment  the  tele- 
scopes are  provided  with  caps  which  cover  the  object-glasses  of 
the  telescopes  with  the  exception  of  a  narrow  vertical  slit  at  the 
center.  The  pivot  of  the  observing  telescope  was  next  clamped 
and  the  caps  having  been  removed  the  image  of  the  slit  seen 
through  the  observing  telescope  was  brought  into  exact  coinci- 
dence with  the  vertical  wire  and  the  position  of  the  vernier  noted. 
The  prism  was  now  brought  back  to  its  place  by  turning  the  up- 
per plate  of  the  instrument,  and  the  observing  telescope  also 
turned  until  the  position  of  minimum  deviation  for  the  ray  D 
was  attained  and  this  well  known  double  line  brought  to  coincide 
with  the  vertical  wire.  The  limb  was  then  again  read,  and  the 
difference  of  the  two  readings  gave  the  angle  of  minimum  devi- 
ation for  the  prism. 

In  order  to  show  that  this  method  of  measurement  is  perfectly 
accurate,  we  give  below  the  angles  of  minimum  deviation  of  the 
nine  prisms  of  the  Cambridge  spectroscope  measured  as  just  de- 
scribed, and  in  a  parallel  column  the  same  angles  measured  in 
the  old  way  with  the  prisms  at  the  center  of  the  plate.  It  will 
be  seen  that  the  differences  are  insignificant  and  within  the 
limits  of  error  of  observation : 

Measured  at  Mensured  on 

center  uf  ploto.  edge  of  plate. 

No.  1,  29^  31'  10"  29**  31'  10" 

No.  2,  29^  29'  10"  29°  29'  10" 

No.  3;  29**  28'  10"  29*  28'  10" 

No.  4,  29*  37'    0"  29*  86'  4(»"         -20" 

No.  5,  29*  28'  30"  29*  28'  40"         +10" 

No.  6,  29*  36'  30"  29*  36'  10"         -  20" 

No.  7,  29*  28'  10"  29*  28'  10" 

No.  8,  29*  29'  30"  29*  29'  40"         +10" 

No.  9,  29*  28'  40"  29*  29'  40" 


267*  37' 60"       267*  37' 30"         -20" 
Although  the  adjustments  required  may  appear  complicated, 
they  can  be  made  in  far  less  time  than  it  has  taken  to  describe 
the  method. 

It  is  a  well  known  fact  that  when  a  beam  of  homogeneous 
light  passes  through  a  prism  at  the  angle  of  minimum  deviation 
the  incident  and  emerging  pencils  make  the  same  angle  with  the 
faces  of  the  prism,  at  which  they  respectfully  enter  and  leave 
the  glass.  Hence  a  second  prism  like  the  first  stands  in  the  same 
relation  to  the  emerging  beam  in  which  the  first  stands  to  the 
incident  beam.  If  then,  after  the  first  prism  has  been  adjusted 
at  the  angle  of  minimum  deviation  a  second  prism  be  applied 
against  the  wheel  at  the  side  of  the  first,  by  moving  the  prism 
slightly  to  one  side  or  the  other,  it  will  be  easy  to  find  a  posi- 
tion, in  which  this  prism  also  is  at  the  angle  of  minimum  devia- 
Am.  Jouk.  Scl— SBOOin)  Sbritjs,  Vol.  XL,.Na.  130.— Not.,  1865. 
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Fig.  4. 


lion,  moving  of  course  the  prism  on  the  plate  without  disturb* 
ing  the  position  of  the  plate  itselE    In  like  manner  other  prisnEis 
may  be  added  until  the  required  number  is  obtained.     (In  the 
Cambridge  spectroscope  there  are  nine  glass  prisms  of  45®,  as 
shown  in  fig.  4.)    This  adjustment  has  only  to  be  made,  how- 
ever, once  for  all,  since 
when  the  prisms  are 
adjusted  they  are  fast- 
ened to  a  very  thin, 
flexible  brass  ribbon, 
which,  passing  through 
a  box  at  the  back  of 
each  prism,  is  there  se- 
cured    by     clamping 
screws.      The  endfs  of 
this  ribbon,  moreover, 
are  attached  to  a  small 
brass  drum,  which,  be- 
ing wound  up  by  an 
ordinary  clock  spring, 
draws    the    chain    of 
prisms  tightly  around 
the  conical  wheel,  a^jd 
Jceeps  them  always  in 
place.     By  tracing  the 
path  of  a  ray  of  homo- 
geneous light  through  a 
series  of  similar  prisms, 
as  is  shown  in  fig.  4, 
it  will  be  found  that 
the  path  of  the  ray  within  the  prisms  is  always  tangent  to 
the  same  circle,  provided  that  it  passes  through  all  under  the 
conditions  of  least  deviation.    Assuming,  then,  that  the  dis- 
tances between  the  prisms  are  invariable,  as  they  must  be  when 
the  prisms  are  fastened  to  a  brass  ribbon  as  just  described,  it 
will  be  evident  from  a  moment's  reflection  that  the  greater  the 
refrangibility  of  the  given  ray  the  less  must  be  the  diameter  of 
the  circle,  around  which  the  prisms  should  be  arranged  in  order 
that  the  ray  may  pass  under  the  required  conditions,  and,  know- 
ing the  dimensions  of  the  prisms  as  well  as  the  index  of  refrac- 
tion and  dispersive  power  of  the  glass,  it  is  easy  to  calculate  ap- 
proximatively  what  the  diameter  should  be  in  a  given  case. 
The  dimensions  of  the  conical  wheel  A,  fig.  2,  were  thus  deter- 
mined— the  largest  diameter,  9J  inches,  corresponding  to  the 
extreme  red,  and  the  smallest  diameter,  bi  inches  corresponding 
to  the  extreme  violet  rays  of  the  solar  spectrum.    In  order  to 
facilitate  the  adjustment  a  series  of  lines  were  engraved  encir> 
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cling  the  wheel  at  equal  distances  from  each  other  and  numbered 
from  1  to, 12. 

Having  described  the  construction  of  the  instrument  it  will 
now  be  easy  to  understand  the  method  of  using  it.  Let  us  sup- 
pose that  the  object  is  to  measure  the  angle  of  minimum  devia- 
tion of  the  Wue  ray  of  the  strontium  spectrum.  By  examining 
any  chart  of  the  spectra  of  the  chemical  elements  it  will  be 
found  that  this  line  is  situated  roughly  at  somewhat  less  than 
two-thirds  of  the  distance  from  A  to  11.  If,  then,  we  turn  the 
conical  wheel  until  the  pins  of  the  prisms  all  rest  against  the 
line  marked  7,  we  shall  have  approximatively  the  true  position. 
We  then  adjust  the  collimator  with  reference  to  the  first  prism 
exactly  as  before  described  for  a  single  prism.  Turning  then 
the  upper  plate  so  as  to  remove  the  prisms  out  of  range,  we 
bring  tlie  observing  telescope  into  collimation  with  the  collima- 
tor, as  also  before  described,  when  on  reading  off  the  limb  we 
have  the  starting  point  for  our  measure.  Vve  next  turn  the 
plate  and  move  the  telescope  until  the  spectrum  appears  in  the 
field,  and  carefully  bring  tne  bine  line  to  coincide  with  the  ver- 
tical wire  at  the  position  of  minimum  deviation.  We  now 
raise  or  lower  the  conical  wheel  and  notice  if  in  this  way  the 
angular  deviation  is  diminished,  and  leave  the  wheel  in  the  po- 
sition where  the  minimum  is  reached.  It  now  only  remains  to 
again  read  the  limb  when  the  difference  of  the  two  readings 
subtracted  from  860^  will  give  the  angular  deviation  required. 

When  near  the  position  of  minimum  deviation  a  large  motion 
of  the  conical  wheel  produces  only  a  slight  motion  of  the  ima<jre, 
so  that  after  a  table  has  been  made  giving  the  position  of  the 
wheel  for  a  few  of  the  marked  lines  of  the  spectrum  it  is  always 
possible  to  bring  the  wheel  at  starting  to  the  desired  point.  More- 
over, the  fact  that  when  near  the  position  of  minimum  deviation 
the  position  of  the  image  is  affected  so  slightly  by  a  small  change 
in  tne  position  of  the  prisms,  renders  it  possible  to  make  all  the 
adjustments  required  with  exceeding  rapidity  and  accuracy. 

In  order  to  test  the  accuracy  of  our  method  we  have  made 
several  determinations  of  the  minimum  deviation  of  the  line  D, 
and  although  between  each  determination  the  whole  apparatus 
was  completely  dismounted,  the  value  obtained  was  in  all  cases 
267°  37'  50".*  It  will  be  remembered  that  the  sum  of  the  angles 
measured  on  each  prism  separately  at  the  center  of  the  plate,  as 
given  on  page  809,  is  precisely  the  same  (267°  87'  50")  and  the 
sum  of  those  measured  on  the  edge  of  the  plate  (267°  87'  80") 
only  differs  from  this  by  20". 

When  it  is  not  important  to  use  absolutely  the  whole  aper- 
ture of  the  prisms  it  is  not  necessary  to  change  the  position  of 
the  collimator  in  passing  from  one  part  of  the  spectrum  to  an* 

*  At  the  mean  of  the  two  lines* 
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other.  If  we  adjust  the  collimator  as  above  described,  when 
the  prisms  rest  against  the  middle  circle  on  the  wheel,  the  whole 
spectrum  cau  be  passed  under  review  with  great  rapidity  with- 
out any  further  change  of  the  collimator,  and  each  point  seen 
under  the  condition  of  minimum  deviation.  When,  however, 
on  account  of  the  feebleness  of  the  light  it  is  important  to  use 
the  whole  aperture  of  the  prisms,  a  slight  gain  can  be  obtained 
by  readjusting  the  collimator  at  the  extreme  points  of  the  spec- 
trum. In  making  the  measurements  described  in  this  paper,  an 
important  advantage  is  gained  in  keeping  the  position  of  the  col- 
limator fixed;  for  if  its  position  is  changed,  the  point  to  which 
the  angular  measurements  are  referred  is  changed  also,  and  must 
be  determined  anew.  If  however  the  arms,  to  which  the  tele- 
scopes are  attached,  are  so  arranged  with  a  sliding  motion  that 
both  the  collimator  and  the  observing  telescope  may  be  moved 
parallel  to  themselves  without  altering  their  relative  angular  po- 
sition, the  whole  aperture  of  the  prisms  may  at  any  time  be  used, 
and  nevertheless  all  the  measurements  referred  to  the  sami  point 
on  the  graduated  limb. 

Besides  the  set  of  glass  prisms  the  Cambridge  spectroscopy  is 
also  provided  with  a  set  of  sulphid  of  carbon  prisms,  which 
have  been  previously  described  in  this  Journal.  They  are  mount- 
ed on  a  separate  plate  with  a  separate  wheel  of  the  proper  di- 
mensions and  are  arranged  in  all  respects  like  the  glass  prisms 
above  described.  The  plates  are  provided  with  handles  so  that 
one  battery  of  prisms  may  be  quickly  lifted  off  from  the  instru- 
ment  and  the  other  put  in  its  place.  But  although  the  liquid 
prisms  are  valuable  on  account  of  their  great  dispersive  power 
m  bringing  out  faint  lines,  especially  in  the  more  luminous  por- 
tions of  the  spectrum,  yet  their  use  is  very  restricted.  One  dif- 
ficulty arises  from  the  immensely  rapid  change  of  the  index  of 
refraction  of  sulphid  of  carbon  with  the  slightest  change  of 
temperature.  We  have  noticed  within  half  an  hour  on  a  sum- 
merg  day  a  change  of  8'  in  the  angle  of  minimum  deviation  of 
a  single  sulphid  of  carbon  prism  of  45°,  although  the  tempera- 
ture of  the  room  had  only  in  the  meantime  changedeight  tenths 
of  a  Centigrade  degree.  The  temperature  of  the  prism  un- 
doubtedly changed  much  more  than  this;  but  when  we  remem- 
ber that  the  variation  thus  produced  would  amount  to  over  one 
degree  for  the  nine  prisms,  it  will  be  seen  that  they  must  be  use- 
less for  any  purposes  of  direct  measurement.  Again,  sulphid 
of  carbon  is  far  less  transparent  than  glass  to  the  more  refrangi- 
ble rays  of  the  spectrum,  and  lastly,  a  slight  change  of  tempera- 
ture in  the  observing  chamber  produces  at  once  currents  in  the 
liquid,  which  are  fatal  to  good  definition.  Nevertheless  under 
the  best  conditions,  we  have  found  that  sulphid  of  carbon 
prisms  define  as  well  or  even  better  than  glass.     The  instrument 
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described  in  this  paper,  with  the  exception  of  the  glass  prisms, 
was  made  by  Messrs.  Clark  &  Sons  or  Cambridgeport,  and  we 
would  here  especially  express  our  indebtedness  to  Mr.  George 
Clark  for  his  great  ingenuity  in  planning  and  executing  the  me- 
chanical details.  We  reserve  for  another  article  an  account  of 
the  results  of  our  measurements. 


Art.  XXXII. — Experiments  in  Mechanical  Polarity ;  by  Pliny 
Earle  Chase,  M.A.,  S.P.A.S.* 

I  HAVE  already  published  three  simple  exf)eriments  in  mechan- 
ical polarization  (Proc.  Amer.  Philos.  Soc,  ix,  859),  and  I  have 
endeavored  in  various  ways  to  show  that  terrestrial  ma^etism 
is  probably  owing  to  an  analogous  polarization  of  aerial  and 
aetnerial  currents.  Finding  that  my  hypothesis  was  sustained 
by  some  remarkable  numerical  coincidences,  as  well  as  by  vari- 
ous points  of  correspondence  between  the  assumed  influence  of 
gravitation-currents  and  the  observed  daily  variations  of  declina- 
tion and  inclination,  I  sought  for  some  practical  demonstration 
of  the  truth  of  my  inferences.  I  therefore  endeavored  to  imitate 
the  movements  of  the  atmosphere  by  mechanical  contrivances, 
and  the  results,  which  are  in  most  respects  such  as  I  anticipated, 
and  which  are  all  susceptible  of  an  easy  explanation,  are  em- 
bodied in  the  following  additional  experiments. 

4.  By  the  use  of  fans,  bellows  and  blowers  of  various  kinds, 
either  alone  or  in  conjunction  with  directing  discs,  currents  may 
be  produced  that  will  deflect  the  needle  in  any  desired  direction, 
in  accordance  with  simple  and  evident  mechanical  laws. 

5.  I  have  tried  iron,  copper,  wood,  zinc,  and  pasteboard,  and 
find,  as  I  anticipated,  that  the  material  employed  for  producing 
or  directing  the  artificial  currents  has  no  effect  upon  their  mere 
mechanical  action,  but  I  have  found  the  results  most  satisfactory 
when,  in  order  to  avoid  tlie  complication  of  induced  magnetism 
or  electricity,  I  employed  nonconductors,  such  as  wood  and 
pasteboard.  Upon  subsequently  repeating  the  experiments  with 
different  metals,  the  effects  of  the  induced  currents  have  been 
plainly  shown. 

6.  Increasing  the  number  of  directing  discs  (provided  they 
are  all  parallel),  often  modifies  theintensity  of  current-influence, 
but  doea  not  appear  otherwise  to  affect  the  result. 

The  most  striking  developments  that  I  have  yet  hit  upon, 
were  obtained  by  the  aid  of  a  Gaussian  modification  of  Faraday's 
apparatus  for  showing  the  electric  currents  developed  in  moving 
metallic  bodies  by  terrestrial  magnetism.    It  consists  of  a  heavy 

'  From  the  Proceedings  of  the  American  Philosophical  Sodetj,  Jnlj  21, 1865. 
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copper  ring  (a),  fixed  to  horizontal  supports  (6)  (c),  on  which  it 
can  be  rapully  rotated  by  a  wlieel  {d)  and  pinion  (c),  the  sap- 
ports  being  relieved  by  friction- wheels  (/).  The  outer  dianneter 
of  the  ring  is  6  inches  at  each  edge,  and  6j\  inches  in  the  mid- 
dle ;  the  inner  diameter  6  inches;  the  thickness  IJ  inches.  The 
axle  opposite  to  the  gearing  (^),  is  hollow,  to  allow  the  insertion 
of  a  brass  rod  (/i),  which  supports  a  compass  (t)  horizontally  in 
the  interior  of  the  ring.  The  compass  is  not  shielded  by  a  glass, 
and  it  is  therefore  easily  affected  by  aerial  currents.  If  the  ring 
is  made  to  revolve  around  the  compass  needle,  the  N.  pole  of 
the  needle  is  deflected  in  a  direction  opposite  to  the  motion  of 
the  top  of  the  ring. 

For  my  special  purpose,  I  replaced  this  copper  ring  by  a 
wooden  one  of  the  same  dimensions,  and  prepared  a  number  of 
discs  (/c)  (/),  in  the  form  of  semicircles  and  circular  segments, 
fitted  so  tliat  they  could  be  fixed,  in  different  vertical  positions, 
in  the  conripass  b\)X,  al)ovo  the  needle.  Causing  the  wheel  to 
rotate,  with  the  axis  variously  placed,  I  tried  the  following  ex- 
periments:— 

A.  Single  disc,  or  multiple  and  parallel  discs. 

a.  Axis  in  magnetic  meridian. 

7.  When  the  disc  was  in  the  meridian,  the  currents  produced 
a  slight  tendency  in  the  needle'  to  move  in  the  same  direction  as 
the  upper  part  of  the  ring. 

8.  When  the  disc  was  in  the  equator,  the  slight  tendency  was 
opposite  to  that  in  Exp.  7,  and  toe  same  as  if  it  had  been  pro- 
duced by  induced  electricity  in  the  ring. 

9.  When  the  disc  was  inclined  to  the  meridian,  there  was  a 
marked  polarity,  perpendicular  to  the  disc. 

b.  Axis  in  magnetic  equator. 

10.  The  disc  being  placed  in  the  meridian,  there  was  no  dis- 
turbing current. 

11.  rlacing  the  disc  equatorially,  the  needle  was  still  undis- 
turbed. 

12.  But  when  the  disc  was  inclined  to  the  meridian,  the  cur- 
rent-polarity was  parallel  to  the  disc. 

c.  Axis  45°  from  magnetic  meridian. 

13.  In  nearly  all  positions  of  the  disc,  there  appears  to  be  a 
disposition  in  the  needle  to  move  from  the  axis  of  the  ring.  Bat 
when  the  disc  is  in  or  very  near  the  meridian,  there  is  a  slight 
tendency  towards  the  axis. 

In  order  to  imitate  more  closely  the  earth's  principal  thermal 
radiation-planes,  which  are  all  theoretically  parallel  with  the 

*  In  tpeakiog  of  the  needle*!  tendeoey,  I  always  refer  to  the  motion  of  the  V. 
pole. 
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thermal  meridians  and  meet  at  the  thermal  pole,  I  constructed 
a  compound  disc  (m),  of  two  circular  segments,  inclined  to  each 
other  at  an  angle  of  about  80"*,  with  which  I  tried  the  following 
experiments : — 

B.  Spherical-angular  disc. 

a.  Axis  in  magnetic  meridian. 

14.  If  the  disc  is  so  placed,  with  its  opening  towards  the 
south,  that  its  angle  is  bisected  by  the  meridian,  the  current- 
polarity  carries  the  needle  in  the  same  direction  as  the  motion  of 
the  top  of  the  ring. 

15.  If  the  opening  of  the  disc  is  turned  to  the  north,  the  ap- 
paratus remaining  in  other  respects  as  in  the  last  experiment,  the 
current-polarity  is  reversed  (as  in  Exp.  8). 

16.  Placing  the  disc  equatorially,  I  am  unable  to  discover  any 
current-polarity. 

17.  Inclining  the  disc  towards  N.W.  and  S.E.,  the  needle 
moves  towards  the  east,  whether  the  opening  of  the  disc  is  to- 
wards the  north  or  towards  the  south. 

18.  If  the  inclination  is  towards  N.E.  and  S.W.,  the  motion 
of  the  needle  is  westerly. 

Experiments  14  to  18  are  perhaps  the  most  interesting  and 
important  of  the  entire  series.  Exp.  14  represents  the  direction 
of  the  gravitation  currents  that  tend  to  restore  the  equilibrium 
which  IS  continually  disturbed  by  the  thermal  radiation  of 
the  northern  hemisphere,  while  Exp.  15  represents  the  like  di- 
rection in  the  southern  hemisphere,  and  all  the  experiments 
demonstrate  that  in  the  daily  magnetic  fluctuations,  the  motion  of 
that  end  of  the  needle  which  ie  nearest  to  tlie  equator  should  follow^ 
precisely  as  observation  shows  that  it  does  follow,  the  direction  of  the 
sun^s  meridional  influence. 

b.  Axis  in  magnetic  equator. 

19.  When  the  disc  is  in  the  meridian,  the  current-polarity  and 
the  magnetic  polarity  coincide. 

20.  If  the  disc  is  in  the  equator,  with  the  opening  to  the  east, 
when  the  top  of  the  ring  moves  towards  the  north  the  needle 
declines  to  the  east. 

21.  But  when  the  motion  of  the  ring  is  towards  the  south,  the 
current  polarity  is  reversed,  and  the  needle  declines  to  the  west. 

22.  The  reversal  of  the  disc,  placing  the  opening  to  the  west, 
likewise  reverses  the  polarity,  the  decimation  being  east  when 
the  ring  moves  south,  and  west  when  the  ring  moves  north. 

23.  The  disc  being  inclined  to  N.W.  and  S.E.,  the  needle  de- 
clines towards  the  west  (the  action  in  Exp.  17  being  reversed). 

24.  Changing  the  inclination  of  the  disc  to  N.E.  and  S.W., 
the  declination  changes  to  east  (reverse  of  Exp.  18). 

From  Exp.  19  to  24  we  may  infer  that  in  consequence  of  the 
action  of  the  trade  winds^  combined  with  the  greater  radiation  of  the 
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northern  hemisphere^  there  should  he  a  constant  eastward  tendency  oj 
the  magnetic  declination^  such  as  is  indicated  by  the  secular  variation 
of  Hit  needle, 

c.  Axis  45**  from  magnetic  meridian. 

25.  When  the  disc  is  in  or  near  the  meridian,  there  is  a  slight 
tendency  in  the  extremity  of  the  needle  which  is  under  ihe 
opening  of  the  disc,  to  follow  the  direction  of  the  top  of  the 
ring.     In  all  other  positions  the  needle  declines /?'om  the  axis. 

d.  Axis  variously  inclined. 

26.  If  tlie  inclination  of  the  axis  to  the  meridian  is  less,  or 
greater,  than  45°,  the  results  approximate  respectively  to  those 
obtained  when  the  axis  is  in  the  meridian,  and  when  it  is  in  the 
equator. 


Art.  XXXIII.— M/rate  of  Iron  ;  by  John  M.  Obdway. 

Of  the  scattered  accounts  to  be  met  with  respecting  the 
action  of  nitric  acid  on  iron,  few  or  none  are  worthy  of  entire 
confidence,  because  all  are  defective  in  the  statement  of  condi- 
tions; and  failing  to  make  due  reservations,  they  commonly  set 
forth  partial  facts  for  general  truths.  In  this  way  Thenard  long 
ago  fell  short  of  correctness  in  each  and  every  assertion  whea 
he  said,*  *'0a  ne  peut  obtenir  que  du  nitrate  de  fer  vert  et  du 
nitrate  de  fer  rouge ;  et  encore  le  premier  ne  se  forme-t-il  qu'en 
prenant  de  Tacide  a  5°,  et  le  second,  qu'en  employant  de  Tacide 
au  plus  k  12°  a  15°.  Si  Tacide  ^toit  plus  concentrde,  une  portion 
de  I'oxide  rouge  se  precipiteroit,  et  Ton  n'en  retrouveroit  plus 
en  dissolution  que  tr&  peu  s'il  avoit  36°  k  40°."  And  some 
later  observers  have  been  little  more  successful  in  generalizing 
from  insuflScient  data.  It  is  singular  that  chemical  writers  in 
speaking  of  the  varied  reactions  have  hardly  alluded  to  any 
other  cause  of  the  great  diversities  observed  except  difference  in 
the  strength  of  the  acid  used.  Davy  does  indeed  go  so  far  as  to 
make  a  rather  indefinite  mention  of  temperature,  and  describes 
the  phenomenon  thus:*  "  When  very  dilute  nitric  acid,  that  is, 
such  as  of  specific  gravity  1'16,*  is  made  to  oxydate  iron  without 
the  assistance  of  heat,  the  solution  gives  out  no  gas  for  some 
time,  and  becomes  dark  olive-brown."*  "When  very  dilute 
nitric  acids  are  made  to  act  upon  iron,  by  the  assistance  of  heat, 
nitrous  oxyd  is  produced  in  considerable  quantity  mingled  with 

'  AnnaJes  de  aiimie,  Ivi,  76.  '  Collected  Works  of  Sir  H.  Davy,  iii,  112. 

'  The  1*16  most  be  a  misprint,  for  an  acid  of  that  strength  can  hardly  be  called 
**Tery  dilute,"  and  in  fact  nitric  acid  of  sp.  gr.  l'I6, — except  at  very  low  tempen- 
tares, — acts  rapidly  on  iron  of  any  kind,  and  evolves  gaa  abundantly. 

«  Collected  Works,  iii,  180. 
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nitrons  gas  and  nitrogen."  "In  the  beginning  of  a  dissolution 
the  nitrous  gas  generally  predominates,  in  the  middle  nitrous 
oxyd,  and  at  the  end  nitrogen." 

it  should  be  remembered  that  the  terms  iron  and  nitric  add 
are  too  generic  to  allow  qualifiers  and  definers  to  be  altogether 
dispensed  with.  It  must  also  be  borne  in  mind  that  a  finely 
divided  metal  does  not  always  behave  exactly  like  compact 
lumps  of  the  same;  and  that  heating  or  cooling  a  few  degrees 
sometimes  suflBces  to  change  the  order  of  affinities  of  substances 
in  mutual  contact.  A  sound  philosophy  would  therefore  at  the 
outset  suggest  the  inquiry  whether  the  action  of  nitric  acid  on 
iron  is  not  a  function  of  several  variables,  such  as  the  quality, 
the  quantity,  and  the  strength  of  the  acid ;  the  form,  the  kind, 
the  state,  and  the  amount  of  iron,  and  the  quantity  put  in  at  a 
time;  the  initial  temperature,  and  the  range  of  temperature 
allowed  during  the  action,  pressure,  light,  rest  or  agitation,  and 
the  access  or  exclusion  of  air. 

Having  only  the  data  afforded  by  a  few+undred  experiments, 
I  cannot  presume  to  enter  into  a  systematic  and  thorough  dis- 
cussion of  all  possible  causes  of  variation ;  but  the  narration  of 
some  of  the  principal  trials  will  serve  to  show  that  most  of 
these  supposed  influences  are  really  operative. 

Wrought  iron  turnings  and  weak  acid  were  found  sometimes 
to  cive  off  hydrogen  copiously  and  produce  a  green  protonitrate, 
while  in  other  instances  nitric  oxyd  was  evolved  and  a  red  per- 
nitrate  was  formed. 

For  some  comparable  trials,  turnings  were  secured  clean  and 
all  alike  by  catching  them  as  they  fell  from  the  lathe  in  turning 
a  shaft  of  common  rolled  iron.  The  acid  used  was  a  nearly  col- 
orless commercial  nitric  acid  about  free  from  chlorine  and  sul- 
phuric acid.  The  following  are  the  final  approximating  terms 
of  convergent  series  of  experiments  made  by  varying  the  tem- 
peratures, all  other  things  being  equal : 

1,  N, — At  46®  C,  1 00  g.  of  nitric  acid  of  sp.  gr.  1  -03,  with  5  g.  of  iron 
added  all  at  once,  gave  off  hydrogen  continuously.  The  temperature 
during  the  action  rose  to  49®. 

n. — At  46®  C,  the  same  materials  gave  hydrogen  for  a  few  momenta 
and  then,  changing,  extricated  nitric  oxyd  to  the  end.  The  temperature 
rose  to  60®. 

2,  N,^hi  36®  C,  100  g.  of  nitric  acid  of  sp.  gr.  104,  and  6  g.  of  iron 
yielded  hydrojjen  only  and  made  a  protonitrate.    The  heat  rose  to  46^®. 

n, — At  36®  C,  the  same  quantities  of  the  same  materials  gave  nitric 
oxyd  and  produced  a  dark  red  solution. 

3,  N.—ki  31®  C,  100  g.  of  acid  of  sp.  gr.  1*05  and  6  g.  of  iron  gave 
off  hydrogen  only.     The  thermometer  inserted  rose  to  47^®. 

n. — At  32®  C,  100  pj.  of  acid  1*06  and  6g.  of  turnings  evolved  nitric 
oxyd  and  heated  to  47®  C. 

4,  -y.— At  16®  C,  6  Og.  of  acid  of  sp.  gr.  106  with  3  g.  of  iron  evolved 
hydrogen  throughout  the  action,  though  the  temperature  rose  to  27®. 
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n. — At  17®  C,  60  g.  of  acid  and  3  g.  of  turnings  gave  off  hydrogen  for 
a  moment,  then  stopped  entirely,  and  then  went  on  and  evolved  nitric 
oxyd  to  the  end. 

6,  iV.— Taking  another  kind  of  iron  turnings,  at  29°  C.  60  g.  of  nitric 
acid  of  sp.  gr.  104  and  3g.  of  iron  gave  hydrogen  and  a  protonitrate. 

n. — At  30°  C,  the  same  quantities  of  tlie  same  materials  gave  hydro- 
gen for  a  while,  and  then  changing  evolved  nitric  oxyd  and  made  a  per- 
nitrate. 

It  is  worthy  of  notice  in  these  cases  that  the  final  action  is 
determined  by  the  initial  temperature,  and  not  by  that  which 
may  be  reached  during  the  operation.  We  see  too  that  when 
the  temperature  alone  is  varied,  the  dividing  limit  between  en- 
tirely different  reactions  is  pretty  sharply  defined;  but  with  un- 
like qualities  of  iron,  the  limit  is  by  no  means  the  same  for  the 
same  strength  of  acid.  Indeed,  in  trying  some  sorts  of  the 
metal,  there  has  been  no  production  of  hydrogen  observed 
under  any  circumstances.  And  it  may  be  that  the  failure  of 
others  to  notice  such  a  phenomenon  is  owing  mainly  to  their 
chancing  to  operate  with  iron  of  the  purer  kinds.  Priestley*  re- 
ports having  once  obtained  "explosive  air  "  by  warming  iron 
with  nitrate  of  iron ;  and  this  solitary  instance  appears  to  be 
the  only  one  on  record. 

The  essential  peculiarity  of  hydrogen  evolving  iron  remained 
a  mystery  till  I  noticed  that  the  gas  olackened  particles  of  rust 
floating  m  the  water  over  which  it  was  caught.  The  gas  was 
found  to  be  capable  of  discoloring  paper  moistened  with  a  lead 
solution.  So  a  small  fractional  per-centage  of  sulphur  is  the 
chief,  if  not  the  only,  constituent  of  iron  which  suffices  to  make 
the  acid  depart  from  its  more  usual  modes  of  operation;  and 
probably  it  is  the  proportion  of  sulphur  which  aetermines  for 
acid  of  a  given  strength  the  dividing  limit  of  temperature  be- 
tween hydrogen  and  nitric  oxyd  production.  I  have  seen  a 
temporary  evolution  of  hydrogen  even  with  an  acid  of  sp.  gr. 
1*08,  and  it  is  possible  that  a  still  stronger  acid  might  operate  in 
the  same  way  on  some  irons,  at  a  very  low  temperature. 

The  following  trials  show  differences  caused  by  what  is  con- 
veniently designated  as  "mass;"  but  how  far  "mass"  depends 
on  mere  weignt  and  how  far  on  the  extent  of  surface  exposed 
to  action  has  not  been  ascertained. 

6,  a, — At  35®  C,  100  parts  of  nitric  acid  of  sp.  gr.  1*04,  with  5  parts 
of  wrought  iron  turnings,  gave  off  hydrogen  only. 

h. — At  36**  C,  100  parts  of  nitric  acid  of  sp.gr.  1-04,  with  two  parts 
of  iron  turnings,  gave  hydrogen  at  first  and  then  evolved  nitric  oxyd  and 
made  a  red  solution. 

7,  a. — At  23®  C,  100  parts  of  nitric  acid  of  sp.gr.  1-04,  with  28  parts 
of  cast  iron,  gave  hydrogen  only  and  made  a  protonitrate. 

*  Experiments  and  Observations  on  Different  Kinds  of  Air ;  London,  1779,  iii,  1S4. 
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b, — At  23''  C,  100  parts  of  nitric  acid  of  sp.  gr.  1-04,  with  4  parts  of 
the  same  cast  iron,  evolved  nitric  oxyd  and  yielded  a  pernitrate. 

8,  a. — 100  parts  of  nitric  acid  of  sp.  gr.  1*05,  with  50  parts  of  cast 
iron,  emitted  hydrogen  only. 

b, — 100  parts  of  nitric  acid  of  sp.  gr.  1*06,  with  ten  parts  of  the  same 
iron,  extricated  hydrogen  at  first  and  then  evolved  nitric  oxyd  and  pro- 
duced a  pernitrate. 

Minute  proportions  of  sulphur  or  phosphorus  are  known  to 
have  a  wonderful  eflfect  on  tne  physical  properties  of  iron,  and 
now  the  hydrogen  production  shows  that  one  substance  at  least 
possesses  a  not  less  remarkable  power  of  altering  the  normal 
chemical  reactions ;  for  when  we  take  the  purest  iron  to  be  had, 
such  for  instance  as  that  used  for  fine  wire,  the  alternative  of 
nitric  oxyd  evolution  is  silent  solution.  When  no  gas  is  set 
free  the  product  may  be  either  protonitrate,  or  pernitrate,  or  an 
uncertain  mixture  of  the  two ;  and  after  long  continued  action, 
protoxyd  of  iron  or  peroxyd  may  be  precipitated.  Oftentimes, 
when  air  is  freely  admitted  there  is  not  only  no  loss  but  an 
actual  gain  in  weight.  In  such  cases  probably  nitric  oxyd  in 
fact  forms  slowly,  but  rising  no  farther  than  the  surface  of  the 
liquid  it  is  regenerated  and  fixed  by  atmospheric  oxygen.  There 
is  always  a  production  of  nitrate  of  ammonia,  but  1  have  inva- 
riably found  the  quantity  much  too  small  to  account  for  all  the 
oxyuation  that  taCes  place. 

For  trials  of  the  purer  irons,  coarse  wire  was  taken,  of  such  size  that 
one  meter  weighed  16*6  g.  A  fine  wire  was  used  weighing  0*54  g.  per 
meter,  and  therefore  for  the  same  weight  presenting  5-}-  times  as  much 
surface  as  the  course. 

9,  a. — At  0*^  C,  100  g.  of  nitric  acid,  of  sp.  gr.  1*05,  with  5*2  g.  of 
coarse  wire,  gave  off  very  little  gas  and  made  a  protonitrate  containing 
0*26  p.  c.  of  ammonia. 

b. — At  22®  C,  105  g.  of  nitric  acid  of  sp.  gr.  105,  with  5-2  g.  of 
coarse  wire,  gave  off  nitric  oxyd,  and  made  a  solution  of  basic  pernitrate 
which  contained  0*12  p.c.  of  ammonia. 

10. — At  O^'C,  54  g.  of  perfectly  pure  nitric  acid  of  sp.gr.  1*05  with 
6  g.  of  fine  wire,  lost  0*080  g.  and  made  a  protonitrate  and  some  green 
oxyd.     The  product  contained  0*2  p.  c.  of  ammonia. 

11.— At  0°C.,  68  g.  of  nitric  acid  of  sp.gr.  1*06  and  3*5  g.  of  fine 
wire  lost  only  0090  g.  Somewhat  more  than  half  of  the  iron  dissolved 
was  in  the  state  of  protonitrate.  There  were  in  the  product  0*09  p.c  of 
ammonia. 

12.— At  0®  C,  97  g.  of  nitric  acid  of  sp.gr.  1*10  and  10 g.  of  fine 
wire  lost  0-72  g.  The  product  contained  0*26  p.  c.  of  ammonia  and  6*7 
p.  c.  of  iron,  of  which  about  two-thirds  were  in  the  form  of  protonitrate. 

Thus,  by  operating  on  the  purer  sorts  of  iron  at  low  tempera- 
tures, we  may  get  an  unmixed  protonitrate,  with  acid  of  as  high 
a  specific  gravity  as  1*05.  And  acid  of  much  greater  strength 
gives  some  protonitrate,  if  the  action  is  retarded  by  cold. 
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13, — 71  g.  of  nitric  Rcid  of  sp.  gr.  1*25  being  cooled  in  snow,  10  g.  of 
the  fine  wire  were  gradually  added.  8  g.  of  the  iron  were  dissolved  and 
the  loss  was  only  1*23  g.  Were  the  metal  in  this  case  oxydized  by  the 
mere  decomposition  of  the  acid,  4  g.  of  nitric  oxyd  should  have  beeo 
given  off.  The  solution  did  indeed  contain  some  ammonia,  but  its 
amount  was  too  trifling  to  account  for  any  considerable  part  of  the  oxj- 
dation. 

The  nitric  oxyd,  therefore,  instead  of  passing  off  as  fast  as  it 
was  liberated,  must  have  been  in  part  oxydizea  bv  the  superin- 
cumbent air  and  absorbed  back  into  the  liquor,  ^he  following 
instance  gives  a  more  forcible  illustration  of  this  matter  : 

14. — 7  g.  of  fine  wire  were  gradually  dropped  into  97  g.  of  nitric  acid 
of  sp.  gr,  1*20.  The  iron  was  all  taken  up  leaving  only  some  black  skel- 
etons of  the  fibers.  There  was  no  loss,  but  a  gain  of  0*26  g.  The  pro- 
duct contained  0*13  p.  c.  of  ammonia  and  a  trace  of  protonitrate. 

As  the  iron  in  this  experiment  was  all  used  up,  it  is  plain  that 
the  production  of  ammonia  and  a  protosalt  was  not  owing  to 
the  after  reaction  of  the  partly  made  pernitrate  on  an  excess  of 
the  metal.  And  it  seems  likely  that  the  formation  of  proto- 
nitrate,  pernitrate,  nitrate  of  ammonia,  and  nitric  oxyd,  and  the 
absorption  of  oxygen  from  the  air  were  going  on  simultaneously, 
and  during  the  whole  time. 

It  is  not  certainly  known  whether,  in  the  direct  action  of 
nitric  acid  on  iron,  the  generation  of  ammonia  and  the  forma- 
tion of  protonitrate  have  any  necessary  connection.  I  have 
never  detected  protonitrate  in  the  product  unless  ammonia  was 
also  present;  but  ammonia  is  sometimes  found  when  the  iron  is 
all  in  the  state  of  pernitrate.  Yet  in  the  latter  case  a  protosalt 
may  have  been  formed  in  some  stage  of  the  operation  and  sub- 
sequently oxydized  as  the  action  went  on.  No  doubt  there  is 
often  a  partial  rearrangement  of  the  elements ;  for  a  perfectly 
clear  solution  decanted  from  the  undissolved  iron,  will  some- 
times in  the  course  of  a  few  days,  deposit  a  considerable  quan- 
tity of  rust  and  give  off  some  nitric  oxyd. 

The  inquiry  naturally  suggests  itself  whether  in  case  of  silent 
solution  there  may  not  be  a  nitrite  formed, — 2Fe  and  3N0, 
giving  FcjOj  3N0^.  Were  it  so  the  product  would  slowly  de- 
colorize permanganic  acid ;  but  the  amount  of  permanganate 
bleached  by  any  of  the  products  has  never  much  exceeded  what 
was  due  to  the  quantity  of  protonitrate  present.  I  have  not> 
indeed,  found  any  good  reason  for  believing  that  there  is  any 
such  thing  as  a  sesquinitrite  of  iron. 

When  we  bring  together  iron  and  nitric  acid  of  as  high  a 
specific  gravity  as  1-3  the  phenomena  of  passivity  sometimes 
manifests  itself;  and  the  inauction  of  such  a  state  depends  not 
merely  on  the  strength  of  the  acid,  but  has  some  relation  to  its 
quality  and  temperature,  and  to  the  kind  and  condition  of  the 
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iron.  In  speculations  respecting  the  cause  of  passivity,  it  has 
not  unfrequently  been  taken  for  granted  that  this  singular 
change  is  wrought  in  iron  only  by  the  very  strongest  acid. 
Thus  in  a  brochure*  setting  forth  a  new  theory  of  the  constitu- 
tion of  acids,  Peretti  gives  the  following  unsound  instance  in 
support  of  his  views,  and  goes  on  to  argue  that  inactivity  is 
owing  to  the  lack  of  a  certain  hypothetical  deutoxyd  of  hydro- 
gen:— "II  ferro  che  6  attaccato  si  forteraente  da  questo  acido, 
preparato  con  il  commune  metodo  AzO,  +2HO3,  cessa  di  esserlo 
posto  a  contatto  con  Tacido  azotico  furaante  AzO^+HOj  cxoh  a 
dire  con  questo  acido  private  de  un  equivalente  di  acqua,"  etc. 
But  the  fact  that  an  acid  of  as  low  a  specific  gravity  as  1-20 
may  refuse  to  act  on  certain  kinds  of  iron  is  far  from  lending 
any  support  to  this  and  some  other  theories  that  have  been  pro- 
posed. The  strongest  acid  has  apparently  no  more  effect  on 
iron  than  so  much  water  would  have;  but  with  acid  moderately 
strong  there  is  often  a  momentary  action,  and  then  the  metal 
brightens  and  undergoes  no  further  change.  Initial  tempera- 
ture has  much  to  do  with  determining  the  continuance  or  term- 
ination of  the  active  state;  and  yet  for  any  particular  acid  or 
iron  it  is  not  easy  to  state  the  exact  degree  beyond  which  qui- 
escence is  no  longer  possible;  for  in  a  still  liquid,  an  incipient 
action  may,  by  reason  of  local  heating,  get  such  a  start  that  it 
will  go  on  to  the  end,  while  a  thorough  and  constant  stirring 
would  80  distribute  the  small  amount  of  heat  evolved  on  first 
contact  as  to  cause  a  speedy  cessation  of  chemical  change.  But 
when  passivity  has  once  supervened,  it  requires  very  strong 
heating  of  the  acid  to  make  it  attack  the  iron  again.  The  fol- 
lowing trials  show  that  in  treating  of  passivity  we  should  take 
into  account  not  only  the  strength  of  the  acid  but  also  its  qual- 
ity and  temperature,  the  degree  of  agitation,  and  the  kind  and 
condition  of  the  iron : 

15. — Some  nearly  pure  commercial  nitric  acid  of  pp.  gr.  1*36  being 
heated  to  34®  C.  and  briskly  stirred,  a  bit  of  bright  iron  wire  was  drop- 
ped in.     The  action  continued  till  the  metal  was  all  gone. 

In  another  experiment  with  the  acid  at  33®  C,  the  action  quickly 
ceased. 

16, — Nitric  acid  of  sp.  gr.  1*38  warmed  to  31°  C,  soon  rendered  iron 
wire  passive. 

Some  of  the  same  acid  at  32®  C,  kept  on  acting  till  the  iron  was  used  up. 

17,  a. — A  nearly  pure  and  colorless  acid  of  sp.  gr.  1*39  warmed  to  30® 
C,  rendered  iron  wire  passive ;  but  when  such  acid  was  heated  to  31®  C, 
before  adding  the  iron,  the  action  kept  on. 

h, — Some  crude  red  acid  of  sp.  gr.  1*39  warmed  to  41'6®C.  exercised 
but  a  momentary  action  on  wire;  and  when  the  acid  and  iron  were 
heated  together  after  the  contact,  the  wire  did  not  recover  its  active  con- 
dition till  the  temperature  was  carried  up  to  88®  C. 

*  Dell'AxLone  chimica  deU' Acqua  sopra  i  Sali  e  sopra  gli  AcidL    Roma,  186 1. 
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This  acid  heated  to  42^  C.  rapidly  dissolved  iron  wire. 
18,  a. — A  pale  commercial  acid  of  sp.  gr.  1*40,  warmed  to  BS**  C,  re- 
fused to  dissolve  iron  wire. 

With  such  acid  at  34®  C,  the  action  kept*  on. 

6. — Some  pure  acid  redistilled  with  bichromate  of  potash,  having  the 
sp.  gr.  1*40,  and  being  warmed  to  36°  C,  quickly  induced  passivity  io 
iron  wire. 

With  some  of  the  same  acid  at  37**  C,  the  action  did  not  cease  till  the 
iron  was  all  gone. 

c. — Pure  red  acid  of  sp.  gr.  1-40  warmed  to  58®  C,  rendered  wire 
passive. 

Such  acid  at  59°  C.  continued  to  act 

rf. — Some  commercial  red  acid  of  sp.gr.  1*40  warmed  to  65*  C,  bad 
but  a  momentary  effect  on  iron  wire. 

The  same  acid  at  66*  C,  kept  on  acting. 

19. — A  pale  acid  of  sp.gr.  1'41  heat^  to  41*^0.,  rapidly  dissolved 
iron  dropped  in  during  slight  agitation ;  but  with  the  initial  temperature 
40°  C,  the  wire  became  passive. 

When  this  same  acid  was  briskly  shaken  at  the  time  of  contact,  49*^ 
C.  was  the  limit  of  passivity. 

20,  a. — Pale  acid  of  sp.  gr.  V42,  at  55®  C,  rendered  iron  wire  passive; 
at  56®  C.  the  action  kept  on. 

h, — Common  red  nitric  acid  of  sp.gr.  1*42,  even  when  warmed  to  82® 
C,  induced  passivity  in  iron ;  but  with  the  same  acid  at  83°,  the  action 
continued. 

21.— Steel  wire  scoured  bright  became  passive  when  it  was  agitated 
with  pure  colorless  nitric  acid  of  sp.  gr.  1'30,  heated  to  50®  C. ;  but  when 
the  acid  had  first  been  warmed  to  51°  there  was  a  continued  action. 

Other  acid  of  sp.gr.  1*30  with  other  sorts  of  steel,  gave  the  same 
limit  of  passivity. 

22,  a, — Pure  nitric  acid  of  sp.  gr.  1*34  heated  to  71®  C,  soon  ceased  to 
act  on  steel  wire ;  when  such  acid  was  first  heated  to  72®  it  did  not  in- 
duce passivity. 

h, — The  same  acid  even  at  100°  C,  had  no  action  on  the  same  steel 
wire  freshly  annealed  and  scoured  bright 

For  trials  of  rough  and  less  compact  steel,  two  very  long  turnings 
were  broken  up,  and  furnished  bits  enough  for  a  large  number  of  experi- 
ments with  metal  of  one  and  the  same  quality. 

23. — On  this  steel  nitric  acid  of  sp.  gr.  1*26  acted  rapidly  and  contin- 
uously, even  when  it  had  been  previously  cooled  to  0°  C. 

Nitric  acid  of  sp.  gr.  1-27  and  at  40®  C.  soon  ceased  to  act  on  a  bit  of 
steel  added  during  brisk  agitation ;  with  the  acid  first  heated  to  40*5** 
the  action  continued. 

And  with  acids  of  sp.gr.  1-28,  129,  1-32,  1-33  and  1*34,  the  limit  of 
passivity  was  between  35°  and  40®  C. 

With  acid  of  sp.  gr.  1*345  and  at  52*8®  C,  the  steel  became  passive; 
with  the  same  acid  first  heated  to  53*3®,  the  action  went  on. 

Acid  of  sp.  gr,  1*348  even  at  76*7°  C.  rendered  the  steel  passive;  when 
tliis  acid  was  first  heated  to  79*5®  the  action  would  not  stop. 

24. — ^The  steel  turnings  were  also  tried  with  common  red  nitric  acid. 
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Such  acid  of  sp.  gr.  1'34,  at  66®  C,  rendered  the  steel  passive ;  with 
the  initial  temperature  65*6®  it  continued  to  act 

''Acid  of  sp. gr.  1-335,  at  58*3®  C,  soon  ceased  to  act;  with  such  acid 
at  58*9^  the  action  went  on  to  the  end. 

With  acid  of  sp.gr.  1*33,  at  49*4°  C,  the  action  was  momentary; 
with  this  acid  first  heated  to  oO**  there  was  no  stoppage. 

With  acid  of  sp.  gr.  1*327  the  limit  of  passivity  lay  between  47*2**  and 
47-8*  C. 

Acid  of  sp.  gr,  1*32  at  32-2®  induced  passivity ;  with  the  same  acid  at 
3 2 '8**  the  action  continued. 

With  cast  iron  the  limit  of  passivity  cannot  be  so  precisely 
defined.  Acid  of  moderate  strength  often  continues  to  dissolve 
the  iron  very  slowly  and  silently  after  the  first  momentary,  vio- 
lent action  is  over.  It  having  been  found  by  many  trials  that 
passivity  may  occur  in  cast  iron  even  with  acid  of  as  low  sp.  gr. 
as  1'20,  the  following  definite  experiments  were  made: 

25. — ^Took  in  each  case  a  tared  lump  of  iron  weighing  between  2*8 

and  3'3  grams,  and  some  acid  at  25*5®  C.   At  the  end  of  four  hours  the  bits 

of  iron  were  cleared  of  the  loosened  carbon,  washed,  dried  and  weighed. 

With  acid  of  sp.gr.  1*20  the  iron  had  lest  0  2I8g. 
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With  the  1*20  acid  the  apparent  action  lasted  but  five  minutes,  and  in 
the  next  two  cases  the  evolution  of  gas  continued  somewhat  longer.  In 
the  remaining  instances  the  action  lasted  throughout. 

26. — Of  another  specimen  of  iron,  pieces  weighing  between  6  and  7 
grams  were  tried,  each  with  20  c.c.  of  acid  at  28**  C.  At  the  end  of  13 
hours  the  products  were  gelatinous,  basic  pemitrates,  turbid  looking,  but 
quite  soluble  in  water. 

With  acid  of  sp.  gr.  M8    the  iron  had  lost  2-264  g. 
**  "         1-175         "  "         2-295 

ii  u         j.jY  «  ti         2-266 
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27. — Another  sample  of  cast  iron  in  pieces  weighing  between  2*7  and 
3  grams  was  tried  in  each  instance  with  20  c.  c.  of  acid  at  23®  C.  At 
the  end  of  nine  hours  the  iron  in  acid  of  sp.  gr.  1*20    had  lost  0*285  g. 
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In  the  first  instance  the  action  was  apparently  over  in  six 
minutes.  In  the  next  five  cases  all  was  quiet  at  the  end  pf 
about  twenty  minutes.     In  the  last  three  there  was  no  stoppage. 

The  phenomenon  of  passivity, — which  had  been  observed  by 
Wenzer  as  long  ago  as  1782,  and  has  been  the  subject  of  more 
speculation  than  experiment, — is  explained  by  some  as  owing  to 
the  formation  of  a  coating  of  insoluole  oxyd.  But  we  have  no 
reason  to  suppose  that  an  uncombined  oxyd  can  possibly  be 
formed  in  the  presence  of  a  great  excess  of  strong  acid.  In  fact 
after  contact  with  the  acid  the  surface  of  the  iron  often  remains 
as  bright  as  ever,  and  a  crust  so  thin  as  to  be  transparent  must 
be  too  thin  to  be  impermeable. 

Others  make  the  more  plausible  assertion  that  the  metal  im- 
mediately becomes  covered  with  a  layer  of  nitrate  insoluble  in 
nitric  acid.  Thus  Heldt  says:' — "Die  Haut  von  saltpetersauren 
Eisenoxyd  durch  welche  das  blanke  Metall  mit  seinem  Glasz 
hindurch  schimmert,  ist  unter  einer  guten  Lupe  deutlich  za 
erkennen."  I  have  never  been  able  to  detect  any  such  film 
with  a  magnifier,  and  my  experiments  with  heated  nitric  acid  go 
to  show  that  in  many  cases  an  adhering  coat  of  nitrate  cannot 
exist;  for  though  the  crystallized  salt  is  not  soluble  in  cold 
strong  acid,  it  dissolves  readily  enough  even  in  monohydrated 
acid  with  the  aid  of  a  moderate  heat.  When  iron  has  become 
passive  while  cold,  the  acid  ought  not  to  require  heating  beyond 
60°  to  make  the  action  recommence.  But  we  have  seen  that 
even  boiling  sometimes  fails  to  remove  passivity. 

When  the  iron  is  temporarily  attacked,  an  incrustation  of 
oxyd,  or  of  nitrate,  could  only  by  degrees  acquire  sufficient 
thickness  to  resist  the  acid ;  and  hence  the  theory  of  a  protect- 
ive film  would  require  the  gradual  cessation  of  activity ;  but  in 
fact  the  cessation  is  usually  sudden  and  abrupt. 

Keason  seems  to  be  on  the  side  of  those  who  refer  passivity 
to  a  molecular  change  in  the  iron,  which  may  .be  induced  by  a 
momentary  electric  action  set  up  on  the  first  contact  of  the  acid 
with  the  metal.  And  such  an  alteration  in  the  electric  or  chem- 
ical relations  of  iron  is  no  more  wonderful  than  ^e  modification 
of  the  mechanical  properties  of  steel  by  tempering,  or  the  in- 
duction of  permanent  magnetism  in  steel. 

The  following  summary  shows  the  results  to  be  obtained  by 
bringing  together  iron  and  nitric  acid  under  various  conditions. 

1. — There  may  be  either  no  perceptible  action  or  only  a  mo- 
mentary one,  the  iron  quickly  becoming  passive. 

Passivity  supervenes  most  readily  with  a  red  acid  and  with 
carburetted  iron.  And  steel  has  its  liability  to  become  inert  en- 
hanced by  annealing. 

'  Lehre  von  Verwandschaft  der  Eorper,  p.  108 ;  note. 
*  Erdmann's  Jour,  t  Pr.  Cbem.    xc,  267. 
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2. — There  may  be  silent  action  with  the  production  of  proto- 
nitrate,  or  of  pernitrate,  or  of  both  together. 

3. — There  may  be  a  more  or  less  rapid  evolution  of  gas, — 
mostly  nitric  oxyd, — and  the  formation  of  an  acid,  normal,  basic, 
or  rusty  pernitrate,  or  of  a  mixture  of  protonitrate  and  per- 
nitrate. 

4. — Hydrogen  may  be  given  off  continuously,  while  a  proto- 
nitrate  is  formed. 

5. — Hydrogen  may  be  evolved  rapidly  at  first  and  then  more 
and  more  slowly  till  thei'e  comes  a  pause ;  after  which  the  re- 
action changes  and  nitric  oxyd  is  liberated  abundantly,  a  per- 
nitrate being  the  final  product. 

6. — A  very  small  portion  of  the  acid  may  be  decomposed  so 
as  to  generate  nitrate  of  ammonia;  and  this  can  take  place 
while  nitric  oxyd,  or  hydrogen,  or  no  gas  at  all  is  given  oft* 

7. — During  a  moderate  action  there  may  be  an  absorption  of 
oxygen  from  the  air,  and  consequently  a  greater  amount  of  oxy- 
dation  will  ensue  than  can  be  accounted  for  by  the  gases  extri- 
cated and  the  nitrate  of  ammonia  formed. 

Pernitrate  solutions  made  with  weak  acid  and  excess  of  iron 
are  generally  so  basic  as  to  become  turbid  when  they  are  treated 
with  a  solution  of  any  sulphate.  The  precipitate,  which  is 
probably  the  tribasic  persulphate  of  iron,  is  producible  when- 
ever the  nitrate  solution  contains  less  than  two  equivalents  of 
acid  to  one  of  ferric  oxyd. 

The  proneness  of  nitric  acid  to  dissolve  an  excess  of  iron, 
renders  it  hardly  possible  to  make  directly  a  solution  that  shall 
contain  an  exact  normal  nitrate ;  for  even  if  we  try  to  use  the 
precise  quantities  of  material  which  theory  would  indicate,  the 
reaction  is  not  simple  enough  to  allow  us  to  predict  just  how 
much  acid  will  be  consumed  in  effecting  the  oxydation.  Yet  the 
procuring  of  a  normal  nitrate,  which  has  been  spoken  of  by 
some  writers  as  very  difficult,  is  far  from  beinff  a  nard  matter. 
We  have  only  to  resort  to  the  process  by  which  most  other 
crvstallizable  salts  are  insured  free  from  excess  of  acid  or  base. 
The  nitrate  readily  crystallizes  out  of  an  acid  or  normal  solution, 
and  of  all  the  ferric  salts  it  is  the  easiest  to  obtain  in  crystals 
and  in  a  state  of  purity.  In  concentrating  a  solution,  care  should 
be  taken  to  apply  but  a  moderate  heat:  and,  before  setting  it 
aside  to  crystallize,  enough  strong  nitric  acid  should  be  added 
to  make  the  liquid  seen  in  a  thin  stratum  appear  of  a  pale  yel- 
low color  instead  of  a  deep  red. 

Solid  Nitrate  of  Iron. — There  are  two  definitelv  crystallized 
sesqui nitrates  of  iron,  differing  much  in  form  and  composition. 
The  cubic  nitrate  noticed  by  Schcinbein*  in  1836  and  analyzed 
by  Hausmann"  in  1854,  is  a  tetrahydrate,  Ye^O^SNO^  12H0, 

'  Pogg.  Add.,  zzxiz,  141.  ^^  AoDoleD  der  Cb.  and  Ph.,  Ixzziz,  109. 

Am*  foxm.  Boi.— Second  Series,  Vol.  XL,  No.  120.— Nov.,  1865. 
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— and,  as  will  be  shown  presently,  is  produced  only  under  cir- 
cumstances of  peculiar  constraint.  The  more  commonly  occur- 
ring salt,  which  forms  when  there  is  no  deficiency  of  water,  is 
the  oblique  rhombic  sexhydrate,  —  FCjOg  3N0, 18H0, — de- 
scribed in  this  Journal  in  1850."  At  that  time  I  was  not  aware 
that  any  previous  analysis  had  been  recorded;  but  in  a  little 
work  published  in  1834,  entitled  "  Manuel  du  Fabricant  d'lndi- 
ennes,  par  L.  J.  S.  Thillaye,"  is  to  be  found  the  following  pass- 
age : — **  Si  Ton  veut  obtenir  des  cristaux  de  pernitrate,  on  fait 
dissoudre  lentement  le  fer  dans  I'acide  nitrique  k  84°,  en  plagant 
le  vase  dans  un  lieu  frais.  Lorsque  la  dissolution  est  k  peu 
pr^  complete,  il  se  forme  des  cristaux  qui  aflFectent  la  forme  de 
prismas  droites  a  quatre  pans  et  a  bases  carr^s,  quelquefois  ils 
ont  six  pans.  *  *  *  *  Le  pernitrate  cristallise  est  forme 
de  Acide  Nitrique  41,968,  Peroxide  de  fer  20,726,  Eau  37,307." 
This  composition  corresponds  nearly  to  Fe,  O3 .3N0,  .16HO, 
and  the  specimen  analyzed  must  have  been  a  mixture  of  the 
two  sorts.  Having  observed  scores  of  crops  of  crystals  formed 
under  very  diverse  circumstances,  and  having  invariably  found 
the  sexhydrated  salt  to  belong  to  the  monoclinic  system,  I  think 
it  would  not  be  too  much  to  say  that  those  who  speak  of  square 
prisms,  either  have  had  the  cubic  nitrate  or  a  mixture  to  deal 
with,  or  have  used  Vauquelin^s  eyes  instead  of  their  own.  "An 
observation  which  Citizen  Vauquelin  has  communicated"  is 
thus  given  in  Fourcroy's  Chemistry : — "Concentrated  nitric  acid 
poured  on  an  oxide  of  iron  arising  from  the  decomposition  of 
water,  had  been  left  in  contact  with  it  several  months.  *  *  * 
Citizen  Vauquelin  was  much  astonished  on  stirring  the  liquor, 
which  was  of  a  brown  color,  to  see  in  it  several  large  crystals, 
the  least  of  which  weighed  upwards  of  four  grammes.  ♦  *  * 
Their  form  was  that  of  a  square  prism  terminated  by  a  bevel." 
As  Vauquelin  used  concentrated  acid,  he  might  possibly  have 
had  the  cubic  crystals ;  but  the  cubic  nitrate  is  not  often  modi- 
fied, and  the  last  clause,  respecting  termination  "by  a  bevel," 
suggests  a  query  whether  the  dimetric  form  was  not* predicated 
from  a  hasty  glance  rather  than  from  measurement  or  from  care- 
ful inspection.  And  there  is  the  more  room  for  a  doubt  because 
in  "Citizen"  Vauquelin's  time  the  science  of  crystallography 
lacked  much  of  the  simplicity  and  precision  which  it  has  subse- 
quently attained.  In  all  likelihood  it  was  the  oblique  nitrate 
which  was  first  observed  by  Vauquelin ;  and  I  may,  perhaps, 
rightfully  claim  to  have  been  the  first  to  determine  its  true  char- 

'*  The  editor  of  the  Chemical  Gasette, — zii,  211, — speaking  of  Hauimann's  oi- 
trate  says:—'*  Ordway  gave  the  formula  Fe,  O3  8NO5  18H0  for  it"  He  ebould 
have  observed  that  I  gave  no  formala  for  the  still  undiscovered  cubic  salt,  but  de- 
scribed crystals  the  iDclioatioD  of  whose  upright  prismatic  ftoes  differed  ll^  from 
a  right  angle. 
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acter  and  composition,  and  its  close  correspondence  to  the  ni- 
trates of  alumina  and  chromium. 

Hausmann  obtained  the  cubic  nitrate  by  evaporating  a  solu- 
tion, at  a  very  moderate  heat,  to  the  consistency  of  syrup,  and 
then  adding  to  it  half  its  volume  of  nitric  acid.  By  analysis, 
the  crystals  pressed  in  absorbent  paper,  gave  him  per-centages 
corresponding  to  Fe^  0„  3f  NO,  +  13H0,  equal  to  Fe.  Oa, 
8NO,,12HO+f(NO,4HO). 

Wildenstein"  found  several  pounds  of  cubic  crystals  deposited 
from  a  quantity  of  very  strong*  commercial  nitrate  that  had 
stood  a  year  and  a  half.  They  had  almost  exactly  the  composi- 
tion Fcg  03,3NO„  12H0.  These  accidentally  formed  crystals 
appear  to  have  come  from  a  somewhat  basic  liquor  deficient  in 
water;  and  that  the  segregation  had  taken  place  under  very  un- 
favorable circumstances,  is  shown  by  the  fact  that  only  "  10 
Pfund"  crystallized  out  of  "2J  Centner  "  of  the  solution. 

Hausmann 's  crystals  were  produced  in  a  very  concentrated 
liquor  containing  a  large  excess  of  acid, — a  condition  much 
better  suited  to  giving  a  large  crop.  A  lack  of  water  is,  no 
doubt,  the  essential  requisite  for  the  production  of  cubic  ni- 
trate; for  I  find,  by  many  experiments,  that  unmixed  cubic 
crystals  can  be  made  at  pleasure  by  so  adjusting  the  solution  to 
be  crystallized,  that  the  attraction  of  the  tetrahydrated  nitrate 
for  water,  shall  be  rather  more  than  counteracted  by  the  at- 
traction of  an  excess  of  nitric  acid  for  water; — that  is,  so  that 
the  liquid  shall  consist  of  tetrahydrated  ferric  nitrate  dissolved 
in  trihydrated  nitric  acid.  Almost  the  whole  of  the  nitrate  then 
crystallizes  out,  because  at  low  temperatures  it  is  but  slightly 
soluble  in  acid  of  such  strength.  A  solution  containing  more 
water  than  will  make  up  Fe,  O,,  8N0„  12H0+n(N0„  8H0) 
may  afford  a  few  of  the  rhombic  sexhydrate  crystals  mixed  with 
the  cubic;  and  one  containing  less  water  will  hardly  give  any 
solid  nitrate  at  all.  When  there  is  water  enough  present  to 
make  up  Fe,  03,3NO,  18HO+n(NO„4HO),  the  crystals  will 
be  all  oblique  rhombic. 

The  conditions  of  formation  of  the  solid  nitrates  are  some- 
what similar  to  those  for  the  production  of  the  two  hydrated 
chlorids.  When  a  solution  is  not  basic  and  contains  between 
six  and  twelve  equivalents  of  water  to  one  of  perchlorid  of  iron, 
it  first  deposits  the  deutohydrate,  FeaClgBHO,  in  transparent 
crystals,  and  then  goes  on  to  form  the  light  yellow,  opaque,  in- 
distinct tetrahydrate,  Fe,  CI3I2HO.  Unless  the  liquid  lacks 
water,  no  transparent  crystals  can  make  their  appearance. 

For  making  cubic  nitrate,  the  oblique  crystals  afford  a  definite 
material  that  admits  of  appreciable  treatment.  We  may  take  a 
weighed  quantity  of  these  crystals  in  a  tared  dish,  and  evaporate 
by  a  gentle  heat  about  fourteen  per  cejit  of  their  weight,  or  six 

»  Erdmaim*!  J.  ffir  Pr.  Ch^  Ixxxir,  848. 
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equivalents  of  water ;  then  add  trihydrated  nitric  acid  enough 
to  double  the  bulk  of  the  liquid,  and  set  the  whole  aside  to 
crystallize.  A  still  easier  method  is  to  raelt  one  equivalent  of 
the  common  nitrate  and  add  a  little  over  two  equivalents  of 
monohydrated  nitric  acid.  Atmospheric  moisture  must  be  care- 
fully excluded  during  the  cooling  and  the  subsequent  repose. 

The  following  experiment  was  made  with  a  view  of  finding 
out  whether  there  is  any  crystal  I  izable  nitrate  of  iron  contain- 
ing still  less  water  than  the  cubic  salt: 

28.— 100  g.  of  Fe^  03,3X05,1^0,  were  gently  heated  till  27  p.c 
were  evaporated,  one-half  of  tbe  water  and  one-eighth  of  the  acid  being 
expelled.  42  g.  of  monohydrated  nitric  acid  were  added  and  the  dish 
suitably  covered  was  set  out  in  an  open  shed  for  several  days  in  tbe 
coldest  weather  of  winter.  No  crystals  formed  except  a  slight  fringe 
around  the  edge,  where  a  little  moisture  had  probably  been  absorbed 
from  the  air. 

Afterwards  the  whole  was  heated  and  33  g.  of  oblique  rhom- 
bic crystals  were  dissolved  in  it.  On  standing  in  a  cold  place  a 
full  crop  of  the  cubic  salt  was  soon  deposited. 

So  then  the  drying  power  of  nitric  acid  does  not  enable  us  to 
get  a  nitrate  containing  less  water  than  the  tetrahydrate,  but, 
when  pushed  too  far  altogether  prevents  crystallization.  Yet 
Schearer-Kestner*"  speaks  of  a  salt  of  the  very  remarkable  and 
irregular  composition  Fe^  03,3NO,,2E[0.  To  obtain  this,  he 
evaporated  a  solution  of  nitrate,  at  a  moderate  heat,  till  it  be» 
came  very  dense  and  a  part  was  decomposed.  The  liquid  por- 
tion on  cooling  produced  a  mass  of  confused  crystals  of  the 
almost  anhydrous  salt.  The  mother  liquor  by  long  standing 
gave  crystals  of  the  cubic  nitrate. 

M.  Scheurer-Kestner  erroneously  cites  me  as  having  mentioned 
in  this  Journal,  vol.  xxvii,  p.  197,  such  a  salt  as  Fe,  O3,  3N0„ 
6H0.  He  probably  meant  to  refer  to  p.  17  of  that  volume, 
where  I  have  taken  the  liberty  of  showing  the  generic  agree- 
ment of  thesesquinitrates  with  the  sexhydrated  protonitrates,  by 
writing  the  ferric  salt  3Pe-|-3^£[8 ;  and  he  must  have  been  led 
astray  by  a  misapprehension  of  the  Berzelian  method  of  nota- 
tion. A  dihydrated  nitrate  would  be  too  singular  to  be  accepted 
without  a  full  characterization ;  and  I  should  be  very  far  from 
calling  on  the  world  to  believe  in  a  Pas's  fij  on  the  strength  of 
a  mere  formula.  At  the  time  of  writing  the  article  on  nitrates, 
I  had  not  met  with  Hausmann's  account  of  the  cubic  salt,  and 
therefore  was  not  aware  of  the  peculiarity  of  nitrate  of  iron  in 
ranking  among  the  tetrahydrates  as  well  as  in  the  more  exten* 
sive  class  of  sexhydrates.  Other  salts  of  the  tetrahydrate  class 
may  exist  as  anhydrous  nitrates,  and  it  is  a  question  whether 
Scheurer-Kestner's  more  recently  discovered  salt,  PefJjfi,,  is  not 

^  Bulletin  Soa  Ohimiqae  de  Paris,  March,  1862,  p.  86. 
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in  reality  the  anhydrous  pernitrate  of  iron  with  a  slight  admix- 
ture of  the  cubic  nitrate.  For  he  did  not  obtain  it  in  well  de- 
fined,crystals  and  therefore  could  not  be  sure  of  its  singleness; 
and  moreover  there  is  no  analogy  in  favor  of  the  formula  which 
his  analysis  assigns  to  it.  It  is  very  remarkable  that  the  tetra- 
hydrate  is  more  fusible  than  the  oblique  rhombic  salt  which 
contains  nine  per  cent  more  water.  The  sexhydrate  melts  at 
47°  C,  and  Hausmann  found  the  cubic  nitrate  to  liquefy  at 
85**  C. ;  but  his  product  contained  a  little  free  acid  and  it  is  prob- 
able that  the  pure  tetrahydrate  melts  at  a  point  between  85*^ 
and  40°. 

If  six  equivalents  of  water  are  added  to  the  melted  cubic  ni- 
trate, heat  is  evolved,  and,  after  a  while,  the  whole  becomes 
solid. 

The  unaccountable  anomaly  of  greater  fusibility  with  a  less 
percentage  of  water  is  not  peculiar  to  the  nitrates  of  iron,  but  is 
shown  also  by  the  perchlorids.  For  I  find  the  transparent  di- 
hydrate,  Fe^  01 3  6H0,  to  melt  at  31°  C,  while  the  opaque  tetra- 
hydrate, Fe,  CI3  12H0,  fuses  at  35  5"*  C.  And  if  a  mixture  of 
the  two  chlorids  is  slowly  heated,  the  transparent  crystals  liquefy 
first.  The  addition  of  six  equivalents  of  water  to  the  melted 
dihvdrate  is  attended  with  the  production  of  heat. 

The  plan  of  using  fuming  nitric  acid  to  contend  with  a  hy- 
drated  nitrate  for  the  possession  of  water,  of  course  admits  of 
more  extended  application.  With  nitrate  of  alumina  indeed  it 
does  not  work  well,  on  account  of  the  high  melting  point  of 
that  salt  and  its  very  slight  solubility  in  even  boiling  acid.  Ni- 
trate of  chromium  is  more  tractable,  and  a  mixture  of  monohy- 
drated  acid  with  the  melted  crystals,  on  standing,  lets  fall  nearly 
all  the  nitrate  as  a  confused  crystalline  mass  probably  contain- 
ing less  than  twelve  equivalents  of  water,  and  having  little  re- 
semblance to  the  cubic  nitrate  of  iron.  In  a  single  instance  I 
have  seen  in  the  mass  one  or  two  crystals  apparently  cubic,  but 
they  were  too  minute  and  scanty  to  allow  any  special  examina- 
tion. Nitrate  of  glucina  has  never  been  obtained  except  as  a 
trihydrate,  as  mentioned  in  a  former  paper.  Since  the  date  of 
that  publication  I  have  succeeded  in  getting  more  distinctly 
formed  crystals  which  appeared  to  the  eye  dimetric,  being  indeed 
very  short  square  octahedra.  It  remains  then  still  uncertain 
whether  the  other  sesquinitrates  can  form  salts  corresponding  to 
the  cubic  nitrate  of  iron. 

With  the  help  of  strong  nitric  acid,  the  nitrates  of  manganese 
and  zinc  may  be  crystallized  with  less  than  six  equivalents  of 
water,  but  these  products  have  not  yet  been  fully  examined. 

Protonitrate  of  iron  is  a  salt  of  such  a  nature  that  we  can 
never  expect  to  get  it  in  the  solid  state  except  as  a  sexhydrate. 

Protonitrats  of  Iron. — ^The  most  convenient  way  of  procuring 
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ferrous  nitrate,  is  to  dissolve  the  protosulphid  of  iron  in  nitric 
acid  of  less  sp,  gr.  than  1*12,  no  considerable  elevation  of  tem- 
perature being  allowed.  Though  protonitrate  crystals  are- very 
unstable,  a  moderately  strong  solution  may  be  evaporated  with- 
out much  risk  by  a  heat  not  exceeding  60°  C.  As  the  strength 
increases,  however,  the  temperature  must  be  lowered,  especially 
if  there  is  an  excess  of  acid.  By  thus  proceeding  with  greater 
caution  as  the  liquid  becomes  more  concentrated,  we  may  get  it 
strong  enough  to  crystallize  when  exposed  to  the  cold  of  winter. 

The  following  experiments  show  the  difference  between  weak 
and  strong,  acid  ana  neutral  solutions,  in  respect  to  their  endur- 
ance of  heat : 

29,  a. — A  solution  made  directly  with  sulphid  of  iron  and  nitric  acid 
of  sp.  gr.  1-08,  contained  29  p.  c.  of  FeO,  NO^,  6H0,  and  0-6  p.  c.  of  free 
acid.  Some  of  it  heated  slowly  remained  clear  and  unchanged  while 
the  temperature  rose  to  83°  C.  At  90®  it  underwent  a  rapid  transfor- 
mation and  became  rusty. 

b. — Some  of  the  solution  mixed  with  about  its  own  weight  of  water, 
continued  unaltered  till  it  was  heated  to  100°C.  It  required  some  five 
minutes  boiling  to  effect  a  complete  rearrangement  of  its  elements. 

c. — Some  of  the  solution  on  being  merely  mixed  with  one-sixth  of  its 
weight  of  pure  nitric  acid  of  sp.  gr.  1*42,  at  once  gave  off  gas  and  made 
a  clear,  dark  red  liquid. 

d. — Some  of  the  solution  was  mixed  with  nearly  its  own  weight  of 
nitric  acid  of  sp.gr.  1-10  and  heated  slowly.  At  60**  C,  it  started  and 
quickly  changed  to  pernitrate. 

€, — A  mixture  of  28  g.  of  the  solution  with  11  g.  of  pure  nitric  acid 
MO,  began  to  altor  at  77°  C. 

30. — A  solution  of  the  crystals,  saturated  at  15®  C.  and  containing  71 
p.  c.  of  FeO,  NOjjOHO,  was  heated  in  a  water-bath.  It  began  to  give 
off  gas  at  85®  C.  At  88®  the  rearrangement  went  on  violently  and  was 
soon  finished. 

The  crystals  themselves  while  still  wet,  may  be  kept  in  the 
cold  without  alteration;  but  when  they  are  quite  free  from 
mother-liquor,  they  are  apt  to  start  suddenly,  even  at  the  com- 
mon temperature  of  the  air,  and  undergo  a  rapid  transformation, 
a  dark  red,  clear,  basic  pernitrate  being  produced.  The  compo- 
sition of  the  pasty  mass,  in  one  instance,  was  found  to  be  about 
Pe  S^j.g ;  in  another  it  was  Pe  i^p,.  These  products  are  apparently 
soluble  in  water ;  but  the  liquor  is  slightly  opaline  when  looked 
at,  though  it  is  clear  when  seen  by  transmitted  light.  The  crys- 
tals themselves  therefore  change  to  a  substance  almost  perfectly 
soluble  in  water,  while  solutions  of  the  crystals,  by  spontaneous 
decomposition,  become  rusty,  a  portion  of  the  peroxyd  assuming 
the  inert,  insoluble  state. 

The  foregoing  experiments  show  that  neutral  solutions,  even 
when  very  strong,  will  bear  a  pretty  high  temperature.  Weak 
solutions  may  be  brought  for  a  moment  to  the  boiling  point 
without  immediate  injury.    But  acid  solutions  undergo  a  change 
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tnucli  more  readily,  and  the  greater  the  quantity  of  acid  the  ]es» 
stable  are  they. 

Crystals  oi  protonitrate  of  iron,  well  drained  and  dried  at  a 
very  low  temperature,  were  found  to  yield  by  ignition  27*565  p.  c. 
of  ferric  oxyd.  The  formula  must  therefore  be  FeO,  NO,,  6H0, 
which  would  correspond  to  27 '778  p.  c.  of  peroxyd. 

A  solution  saturated  at  O''  C,  yielded  a  quantity  of  peroxrd 
equivalent  to  66*3  p.  c.  of  the  crystals.  So  at  0°  the  salt  is  solu- 
ble in  half  its  weight  of  water. 

A  solution  saturated  at  15°  C,  contained  71  p.  c.  of  crystals. 
Its  sp.gr.  was  148. 

A  solution  saturated  at  25°  C,  contained  75  p.  c.  of  crystals. 
Its  sp.  gr.  was  1*50.  At  25°  C,  then  the  crystals  are  soluble  in 
one-third  their  weight  of  water. 

The  slight  diflference  in  strength  between  cold  and  warm  solu- 
tions, as  well  as  the  instability  of  the  solid  salt,  shows  the  inex- 
pediciency  of  attempting  to  do  anything  with  it  except  in  the 
coldest  weather. 


Art.  XXXIV. — Some  Indications  of  a  Northward  Transportation 
of  Drift  Materials  in  the  Lower  Peninsula  of  Michigan;  by 
Professor  Alexander  Winchell. 

Throughout  the  northern  part  of  Lenawee  and  Hillsdale 
counties,  the  southern  and  eastern  parts  of  Jackson,  and  the 
southern  and  western  parts  of  Washtenaw  county,  are  found 
numerous  tabular,  detacned  masses  of  limestone,  sometimes  crop- 
ping out  on  a  hill  side,  like  a  ledge  in  place,  and  sometimes  im- 
bedded two  or  three  feet  in  the  sand  and  gravel  at 'the  summit. 
The  position  of  these  masses  is  generally  nearly  horizontal, 
though  for  the  greater  part  slightly  tilted  in  one  direction  or  an- 
other. They  sometimes  present  an  extent  of  six,  eight,  or 
twelve  feet  square;  and  in  occasional  instances  even  more,  so  as 
to  offer  every  appearance  of  an  outcropping  formation.  In  some 
cases  many  hundred  bushels  of  lime  nave  been  burned  from 
them  before  exhaustion.  Underneath  them  we  find  the  semi- 
stratified  drift  materials  so  characteristic  of  the  general  surface 
of  the  peninsula.  At  the  bottom  of  the  drift,  which  in  some 
places  is  not  over  ten  or  twenty  feet  deep,  we  find  the  rocks  of 
the  Huron,  or  more  frequently  the  Marshall  group,  in  place. 
Many  patches,  nevertheless,  occur  as  far  north  as  the  outcrops  of 
the  Carboniferous  limestone,  and  create  great  confusion  in  trac- 
ing the  latter  formation  unless  the  fossils  are  strictly  attended  to. 
Smaller  fragments  of  the  same  limestone  are  still  more  abund- 
ant throughout  the  same  limits;   and,  by  their  disintegration. 
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Iiave  imparted  a  highly  calcareous  element  to  the  soil,  even 
along  the  arenaceous  belts.  The  percolation  of  meteoric  waters, 
in  turn,  has  given  rise,  in  great  abundance,  to  calcareous  springs, 
and  deposits  of  marl,  tufa  and  travertin. 

In  the  southwestern  part  of  the  peninsula,  in  the  counties  of 
Berrien,  Van  Buren  and  Ottawa,  similar  phenomena  are  again 
*  observed.  The  calcareous  element  of  the  soil  is  even  more 
abundant;  and  large  patches  of  sand  have  become  firmly 
cemented,  so  as  to  present  the  consistency  and  appearance  of 
ledges  of  sandstone.  It  really  requires  an  extended  series  of 
observations  to  convince  one's  self  that  the  region  does  not  fur- 
nish considerable  outcrops  of  a  sandstone  formation— especially 
as  numerous  blocks  of  undoubted  Marshall  sandstone  occur 
upon  the  surface. 

Some  examples  of  these  phenomena  may  be  more  definitely 
cited.  On  the  S.W.  J  S.E.  \  sec.  13,  Woodstock,  Lenawee 
County,  (221)/  in  the  side  of  "Prospect  Hill,"  limestone  occurs 
in  tabular  masses  six  by  twenty  feet,  and  seven  feet  thick.  An 
old  lime-kiln  stands  near.  Similar  limestone  occurs  on  the  S.E, 
J  S. W.  i  sec.  12,  Woodstock  (223)  and  S.W.  J  S.E.  i  sea  1. 
From  the  latter  locality  several  hundred  bushels  of  lime  have 
been  burned.  On  sec.  3  of  the  same  township,  the  Marshall 
sandstone  is  reached  at  the  depth  of  4  to  12  feet  from  the  sur- 
face. On  sec.  4  the  sandstone  is  known  to  be  over  75  feet  thick ; 
so  that  there  can  be  no  mistake  in  assuming  it  to  be  in  place. 
On  the  N.E.  J  N. W.  J  sec.  6,  Woodstock  (230),  is  a  large  Ubular 
mass  10  feet  long  and  known  to  be  over  6  feet  broad.  The  dip 
is  toward  the  east. 

On  the  KW.  {  N.W.  J,  sec.  32,  Columbia,  Jackson  county, 
(233)  is  a  mass  of  limestone.  Sixty  rods  north  of  here  the  sand- 
rock  is  known  to  be  within  20  feet  of  the  surface,  and  has  been 
penetrated  44  feet  On  sec.  80  it  has  been  penetrated  60  feet 
On  the  N.W.  \  N.W.  J  sec.  26,  Liberty,  Jackson  county,  (235), 
masses  of  limestone  are  so  abundant  that  a  kiln  has  been  con- 
structed and  several  hundred  bushels  of  lime  manufactured.  At 
the  time  of  my  visit,  about  35  cords  of  wood  were  piled  by  the 
kiln,  indicating  considerable  confidence  in  the  resources  of  the 
quarry.  Fragments  of  Marshall  sandstone,  with  its  fossils,  are 
abunaant,  mingled  with  the  fragments  of  limestone.  Similar 
masses  of  limestone  may  be  seen  again  on  N.W.  j  N.E.  {  sec. 
26,  Hanover,  (239),  and  on  the  S.  W.  {  N.E.  J  same  section,  (240). 
Several  wagon  loads  of  fragments  have  been  removed  from  the 
subsoil  over  the  principal  mass  at  the  latter  place.  On  the  S.E. 
\  S.E.  I,  same  section,  a  common  well  reached  the  Marshall 
sandstone  at  the  depth  of  35  feet,  and  was  excavated  40  feet  in 
the  rock.    The  hills  on  N.E.  \  N.E.  {  sec.  33,  same  township, 

*  Tfaeee  numbera  designate  the  localities. 
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(243),  are  filled  with  fragments  of  limestone,  while  the  Marshall 
sandstone  is  struck  at  the  depth  of  60  feet  on  sec.  85,  and  at  80 
feet  on  sec.  27.  Farther  north,  on  sees.  10  and  11,  Leoni,  (92 
and  206),  similar  fragments  again  occur.  Also  on  sec.  25,  Grass 
Lake,  (208).  At  a  place  one  mile  northeast  of  Franciscoville, 
(209),  20,000  bushels  of  lime  have  been  manufactured  in  ten  or 
twelve  years. 

In  the  adjoining  parts  of  Washtenaw  county,  several  kilns 
proclaim  the  presence  of  extensive  nests  of  limestone.  Even 
within  the  corporate  limits  of  the  city  of  Ann  Arbor  an  exten- 
sive deposit  has  been  quarried  ;  and  just  beyond  the  limits,  on 
the  east,  are  the  ruins  of  a  limekiln  which,  many  years  ago,  ex- 
hausted still  another  deposit. 

Similar  masses  of  limestone  occur  in  Hillsdale  county,  one 
half  mile  southwest  of  Jonesville,  (270) ;  on  S. W.  j  N.W.  i  sec. 
21,  Allen,  (274) ;  N.E.  i  N.W.  i  sec.  21,  Adams,  (289) ;  S.E.  i 
N.E.  i  sec.  22,  Adams,  (291) ;  N.E.  i  N.E.  J  sec.  24,  Adams, 
(292);  S.W.  i  N.W.  i  sec.  19,  Woodbridge,  (296),  and  in  many 
other  localities. 

In  the  southwestern  part  of  the  state,  on  the  S.E.  J  N.W.  1 
sec.  11,  Hartford,  Van  Buren  county,  (415),  limestone  is  found 
within  two  feet  of  the  surface  over  the  space  of  three  or  four 
square  rods.  One  hundred  rods  north  of  here  the  wells  are 
from  40  to  100  feet  deep,  without  reaching  any  native  rock — 
though  thick  beds  of  cemented  sand  and  gravel  are  frequently 
encountered. 

On  the  S.  W.  J  sec.  17,  T.  7  N.R.  13  W,  Ottawa  county,  (438)  is 
the  last  occurrence  that  will  be  cited.  Several  slabs  3  or  4  feet 
long  have  been  removed,  and  others  remain,  over  an  area  of  at 
least  a  square  rod. 

It  is  quite  evident  that  such  masses  of  stratified  limestone 
have  not  been  rolled  to  the  same  extent  as  the  quartzose  and 
gneissoid  boulders  which  constitute  the  most  striking  feature  of 
the  '*  northern  drift "  of  the  same  regions.  By  some  agency 
these  tables  have  been  lifted  gently  from  their  original  sites 
and  carefully  deposited  where  we  find  them.  Paying  no  regard 
to  their  includea  fossil  remains,  it  might  be  imagined  that  they 
constitute  the  ruins  of  the  Carboniferous  limestone  formation, 
whose  place  is  between  these  fragments  and  the  centre  of  the 
peninsula.  This  formation  gently  rises  toward  the  periphery  of 
the  peninsula,  and  at  certain  distances  from  its  present  outcrops 
would  intersect  the  highest  diluvial  hills  in  the  places  occupied 
by  the  fragments  which  I  have  described ;  and  which,  for  this 
reason,  might  be  imagined  as  marking  the  outermost  limits  of  a 
once  continuous  formation  of  Carboniferous  limestone.  The 
abundant  fossil  remains  contained  in  these  fragments,  however. 
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not  to  speak  of  their  lithological  characters,  convince  us  that  the 
rock  belongs  to  a  much  earlier  epoch. 

In  short,  no  doubt  could  be  entertained  by  one  who  has  ex- 
amined the  subject,  that  these  fragments  appertain  to  the  age  of 
the  Corniferous  limestone.  The  rock,  in  structure,  is  irregular, 
often  brecciated,  with  streaks  and  nests  of  bituminous  and  ar- 
gillaceous matter.  At  other  times  it  is  compact  and  massiye. 
Not  unfrequently  it  presents  the  peculiar  structure  known  as 
"lignilites."  All  these  characters  belong  to  the  Corniferous 
limestone  as  exposed  along  the  western  shore  of  Lake  EriCi  and 
at  numerous  points  throughout  the  county  of  Monroe. 

Turning  to  the  more  reliable  evidence  of  the  fossil  remains, 
it  may  be  stated  that  the  following  are  examples  of  the  more 
frequent  identifications: 

At  92,  HdiophyUum  Oanadense  Billings,  ClisiophyUum  Ond- 
daense  Bill,  Acervularia  Davidsoni  E.  &H.,  Gonocardium  irigonaJe 
Hall,  Proetus  crassimarginaius  Hall,  Amplexus  and  Favosites. 

At  182,  Lucina  proavia  Qoldf.,  Gonocardium  trigonale^  Den- 
talium  and  Fenestella. 

At  208,  Lucina  proavia  and  three  species  of  Bryozoa. 

At  230,  Strophomena  rhomboidalis  Wahl,  Choneies  glabra  Hall, 
Spiriftra  gregaria  Clapp,  Atrypa  reticularis  Dal. 

At  283,  Chonetes  hemispherica  Hall,  Atrypa  reticularis,  OyrUy- 
donta  ( Vanuxemia)  Tompkinsi  Bill,  Pleurotamaria  rotunda^  Hall. 

At  270,   Chonetes  lineaia  Hall,  Atrypa  reticularis. 

At  289,  Chonetes  lineaia^  C,  glabra  Hall,  Atrypa  reticularis^ 
Leiorhynchus  multicosta  Hall,  Bhynchonella  Thalia  Bill.,  Lucina 
proavia^  Proelus  crassiinarginatas  Hall,  Platyceras  and  Proetus  sp.? 

At  291,  Cyathophyllum  Zenkeri  Bill,  Choneies  lineata^  C.  glabra^ 
Orthis  Vanuxemi  Hall,  Strophomena  hemispherica,  S,  rhomboidalis^ 
JSpiri/era  varicosa  Hall,  S.  gregaria^  Atrypa  reticularis^  CharioneUa 
scitula  Bill.,  RfiynchoneUa  Thalia^  Lucina  proavia^  Gonocardium 
trigonale,  Proetus  crassimarginaius^  Fenestella^  Producia  (two  spe- 
cies), SlrepiorhynchuSj  Athyris^  Platyceras. 

At  292,   Orthis  Vanuxemij  0.  propinqua  Hall. 

At  296,  Chonetes  glabra^  C.  arcuaia  Hall,  Stricklandia  dongata 
Bill. 

At  298,  Strophomena  hemispherica. 

The  following  are  the  more  common  Corniferous  fossils  occur* 
ring  in  the  Drift  at  Ann  Arbor : 

Fdvosites  Oolhlandica  Goldf.,  F.  cervicomis  De  Blainv.,  F.  iur- 
binata  Bill.,  F.  polymx>rpha  Goldf.,  F.  (Emmonsia)  hemispherica 
Y.  &  S.  sp.,  Fisiulipora  Canadensis  Bill.,  Michelinia  convexa 
D'Orb.,  M.favosoidea  Bill.,  Alveolites  labiosa Bill.,  A.  RcemerC Bill., 
Syringopora  perelegans  Bill.,  *S'  Hisingeri  Bill.,  S.  MaclureiBWl.,  S. 
nobilis  Bill,  Slromatopora  concentrica  Lonsd.,  Cyat/iophyllum  Zenr^ 
keri  Bill.,  Zaphrentisprolifica  Bill.,  Clisiophyllum  Oneidai^se  Bill., 
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HdiophyUum  Erierue  Bill.,  H.  eociguum  Bill.,  Cysiiphyllum  Ameri' 
canum  E.  &  H.,  Blothrophyllum  decaricatum  Bill.,  Diphyphyllum 
Archiaci*  Bill,  PhiUipsasirtBa  Vemeuili  E.  &  H.,  P.  gigas  Owen, 
sp.,  Aoervularia  Davidsotn*  E.  &  H.,  Tentaculites  scalaria  Sclilot., 
Vhanetes  glabra  Hall,  C.  hemispherica  HaII,  Strophomena  hemis- 
pberica  H.,  S,perplana  Con.,  /S  incequiradiaia  H.,  aS  demissa  Con., 
Ortw  propinqua  H.,  0.  Eryna  H.,  Amhoccelia  umbonata  Con.  sp., 
Spirifsra  gregarta  Clapp,  ^S.  varicosa  H.,  /S  acuminata  Con.  sp., 
Leiorhynchus  muUicosior  Hall,  Nucleospira  concinna*  Hall,  CAar* 
ioneUascilida  Hall,  sp.,  Atrypa  reticularis  Dal.,  il.  impressa  H.,  .4. 
asperaf  Hall,  MeristeUa  unisulcata  Con.,  sp.,  i/!  nasuta  Con.,  sp., 
Jjepioecelia  concava  H.,  Pentamerus  aratus  Con.,  sp.,  Stricklandia 
tlongaiaYsin\ix.j  sp.,  Oentronella glans/agea  Hall,  sp.,  Rhyncho-nella 
T/talia  Bill.,  Lucina  proavia  Goldf.,  Conocardium  irigonale  Hall, 
sp.,  Platyceras  Thetis  H.,  P.crassum  H.,  P.  rfuTTioswmCon.,  Plaiyos- 
toma  strophius  H.,  Murchisona  Leda  H.,  Proetus  crassimarginalus 
H.,  and  more  than  two  dozen  species  which  seem  to  be  unde* 
scribed. 

If  no  reasonable  doubt  exists  that  these  detached  masses  be- 
long to  the  Corniferous  limestone,  the  next  question  which  pre- 
sents itself  relates  to  the  region  whence  they  have  been  derived. 
In  view  of  the  facts  cited,  it  is  evidently  absurd  to  assume  that 
no  transportation  has  taken  place ;  for  these  masses  of  Cornifer- 
ous limestone  are  found  resting  over  the  Hamilton  group,  the 
Marshall  group  and  the  Carboniferous  limestone — and,  I  am 
pretty  well  convinced,  even  in  some  cases,  as  far  north  as  the 
Coal  measures.  There  are  insuperable  objections  to  assuming 
that  they  have  been  transported  with  the  great  mass  of  drift 
materials  from  the  northern  outcrops  of  the  rocks  of  this  age  at 
Mackinac  and  the  surrounding  region.  First^  the  transporting 
agency  has  not  moved  masses  of  other  kinds  of  rocks  which  at- 
tain to  anything  like  the  same  dimensions.  Secondly,  That 
agency,  if  we  may  judge  from  the  condition  of  the  siliceous, 
trappean  and  gneissoid  boulders  of  admitted  northern  origin, 
would  have  ground  to  powder  so  fragile  and  friable  a  rock  as 
these  limestones;  or  at  least  would  have  broken  them  into 
small  fragments,  and  deposited  them  in  a  worn  and  rounded 
condition.  Thirdly,  If  the  Corniferous  limestone  could  have 
been  transported  in  such  masses  from  its  northern  outcrops  to 
southern  Michigan,  much  more  would  the  harder  and  more  mas- 
sive Niagara  limestone  of  the  same  regions  have  been  similarly 

'  These  species  of  tbe  Hamilton  group  nre  bere  incladed,  l>ecanse  occurring  In 
the  same  fmgments  with  admitted  Corniferous  (and  Schoharie  grit)  species.  The 
Lower  Helderberg  Leptoecdia  eoncata  is  included  for  tbe  same  reason.  Id  none  of 
the  cases  just  referred  to,  however,  do  we  experience  any  difficulty  in  disco vering 
alight  constant  pecuh'arities  in  tbe  Corniferous  species.  Tlie  richness  of  the  exotic 
Dnft  fauna  of  this  locality,  in  the  number  and  state  of  preservation  of  its  remains, 
far  exceeds  any  that  has  been  signalized  by  the  geologisto  of  the  Old  World. 
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transported.  The  same  may  be  said  of  the  Trenton  limestone. 
We  find,  however,  that  fragments  of  tliese  limestones  are  of 
rare  occurrence;  and  the  fossils  of  Silurian  age  scarcelj  sus* 
tain  to  those  of  the  Corniferous  limestone  the  ratio  of  one  to 
one  hundred,  in  the  drift  deposits  of  the  southern  portion  of 
the  state.  Even  the  Carboniferous  limestone,  whose  outcrop 
extends  through  Kent,  Eaton,  Jackson  and  Oakland  counties,  is 
scarcely  represented  among  the  drift  materials  of  the  region  in 
question.  It  is  apparent  that  we  must  look  iu  another  direction 
for  the  origin  of  these  lost  rocks. 

The  nearest  outcrop  of  the  Corniferous  limestone  is  in  north- 
ern Indiana  and  Ohio,  and  the  southeastern  corner  of  Michi- 
gan". Every  fossil  cited  above  is  found  in  place  in  some  part  of 
that  region.  The  formation  dips  under  the  peninsula  of  Michi- 
gan; and,  throughout  the  area  occupied  by  the  lost  masses  in 
question,  it  lies  from  one  hundred  to  twelve  hundred  feet  beneath 
the  surface — the  depth  of  course  increasing  toward  the  center  of 
the  Carboniferous  area.  The  circumstances  suggest  the  exer- 
tion of  some  powerful  agency  acting  northward  with  tremendous 
energy,  but  with  a  gentle  and  equable  movement.  It  would 
seem  as  if  the  summit  of  the  low  anticlinal  in  the  Corniferous 
limestone  to  the  southeast  of  Michigan  had  been  immersed  in  a 
shallow  sea  or  lake,  the  freezing  of  which  had  incorporated  the 
upper  layers  of  the  rock  in  an  immense  thickness  of  ice,  which, 
by  a  rise  in  the  water,  had  floated  off  as  enormous  ice-floes, 
bearing  their  cargoes  of  limestone  northward  till  deeper  and 
milder  water  loosened  their  icy  hold,  or  they  became  stranded 
on  the  bosses  which  mark  the  belt  of  the  Marshall  sandstone. 
From  the  position  of  these  masses  in  the  "Modified  Drift,"  as 
well  as  from  the  direction  and  gentleness  of  the  movement,  it 
would  seem  impossible  that  the  events  should  have  been  con- 
temporaneous with  the  actions  which  characterized  the  great 
glacial  epoch. 

Additional  facts  exist  which  seem  to  lead  the  mind  further 
toward  a  belief  in  a  northward  acting  post-glacial  agency.  The 
fossils  of  the  Hamilton  group,  whoso  outcrop  is  along  a  belt  ly- 
ing somewhat  farther  north  than  the  Corniferous  limestone,  are 
scattered  through  the  soil  of  the  region  lying  still  farther  north, 
in  a  degree  of  abundance  which  bears  about  the  same  ratio  to 
that  of  the  Corniferous  fossils  as  the  attenuated  Hamilton  rocks 
bear  to  the  Corniferous.  Indeed  it  may  be  said  that  Spirifera 
miicronala  is  the  most  abundant  single  species  in  our  drift;  as  it 
was  certainly  the  most  abundant  species  that  lived  in  these 
parts  of  the  Lower  Devonian  sea.  Other  common  species  of  the 
Hamilton  group  are  Ambocoelia  umbonata  Hall,  Ct/rtia  Hamilton- 

*  It  probably  underlies  the  drift  materials  of  the  gouthwestem  angle  of  th« 
state  aad  the  adjaccut  parts  of  Indiana,  but  no  actual  outcrops  are  known  to  exist 
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msts  HaH,  Spirifsra  ifarcyi  Hall,  Spirigera  covcmtrica  Brown,  sp., 
Platycei'os  aitenuatum  Hall,  Dalmama  Booihi  Green,  sp.,  and 
many  others.  These  species  exist  in  an  admirable  state  of 
preservation,  quite  incompatible  with  the  theory  of  their  trans- 
portation from  the  far  north ;  and  they  occur  across  a  belt  of 
the  state  reaching  at  least  thirty  miles  north  of  the  outcrop  of 
the  Hamilton  rocks. 

Again,  above  the  identifiable  Hamilton  rocks,  we  find,  in  this 
state,  a  great  thickness  of  argillaceous  and  bituminous  shales, 
destitute  of  fossijs,  but  freighted  with  Kidney  iron  ore.  Nod- 
ules of  this  ore  are  strewn  not  only  over  the  rep;ion  of  the  out- 
crop of  these  "Huron"  shales,  but  throughout  Washtenaw  and 
other  counties  lying  over  the  upper  Devonian  ^nd  lower  Car- 
boniferous strata — to  say  nothing  of  the  occurrence  of  such 
nodules  within  the  limits  of  the  Coal  measures,  where,  by  some 
geologists,  they  might  preferably  be  referred  to  the  indigenous 
strata. 

Still  again,  the  well  marked  fossiliferous  beds  of  the  Marshall 
sandstone,  lying  next  above  the  Huron  shales,  and  outcropping 
along  a  belt  still  farther  north,  is  represented  by  a  series  of 
enormous  fragments  resting  over  the  non-fossiliferous  upper  por- 
tions and  the  Carboniferous  limestone.  The  lower,  or  fossilifer- 
ous portions  of  this  formation  do  not  outcrop  farther  north 
than  Moscow,  in  Hillsdale  county,  while  fragments  of  it  have 
been  transported  in  great  abundance  into  the  southern  townships 
of  Jackson  county.  The  most  notable  example  occurs  in  a  deep 
railroad  cut  three  miles  north  of  Napoleon,  where  the  abundant 
fossiliferous  fragments  led  me  for  some  time  to  suppose  the 
actual  outcrop  must  be  in  the  immediate  vicinity ;  although  I 
had  found  the  non-fossiliferous  Napoleon  sandstone  intervening 
between  the  locality  and  the  most  northern  known  outcrop  of 
the  fossiliferous  beds  at  Moscow.  I  collected  here  a  large  pro- 
portion of  the  common  fossils  of  the  Marshall  group  such  as 
RhynchoneUa  Scigeriana^  Choneies  pulchella^  Myalina  Michiganen' 
sis,  Cardiomorpha  modiolarisy  TelUnomya  Hubhardi,  T,  Stella, 
Pterinea  crenistriaia,  Cardium  Napoleonense,  Solen  scdlpriformis, 
Bdlerophon  galericulatus,  Orthoceras  Indianense,  Oofiiatites  Mar- 
shallensis,  and  numerous  other  species.  The  fossiliferous  layers 
of  the  Marshall  sandstone  are  decidedly  friable — insomuch  that 
it  is  in  little  request  for  building  purposes — and  it  would  seem 
absurd  to  suppose  that  these  large  fragments  had  been  moved 
two  hundred  miles  from  the  northern  outcrop  of  the  formation, 
when  a  transfer  of  ten  or  fifteen  miles  from  the  southern  out- 
crop  would  bring  them  to  the  position  which  they  occupy.  We 
should  expect,  also,  if  derived  from  the  north,  that  some  con- 
trast in  the  organic  facies,  due  to  local,  if  not  to  climatic  causes, 
would  present  itself;  but  on  the  contrary,  we  find  the  fauna  of 
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the  fragments  strictly  identical  with  that  of  the  nearest  indigen- 
ous rocks  of  the  same  age. 

The  facta  above  cited  recall  some  observations  made  several 
years  since  in  Alabama,  and  which  led  at  that  time  to  impres- 
sions similar  to  those  just  set  forth.  My  observations  were 
made  especially  upon  the  neighborhood  of  the  junction  of  the 
" Eotten  Limestone  "  of  the  upper  Cretaceous,  with  the  argilla- 
ceous and  arenaceous  strata  of  the  Lower  Cretaceous.  The 
"  Red  Loam  "  of  the  central  belt  of  the  state,  which  I  have  evi- 
dences to  prove  to  be  but  the  Rotten  Limestone  altered  in  situ^ 
or  with  slight  transportation,  has  in  many  cases  along  the  junc- 
tion of  the  upper  and  lower  strata,  been  moved  northward  over 
the  clayey  and  sandy  region  appertaining  to  the  lower  Creta- 
ceous; where,  by  its^admixture  with  diluvial  sand  and  pebblea, 
it  is  proved  to  be  an  exotic  formation. 

I  forbear  to  express  any  belief  in  reference  to  the  former  ex- 
istence of  a  transporting  agency  acting  from  the  south  to  the 
north,  over  all  or  any  portion  of  the  interior  of  the  continent; 
but  such  facts  as  I  have  cited  cannot  fail  to  call  to  mind  the  sug- 
gestions made  some  years  since  by  President  W.  Hopkins, 
touching  the  course  the  Gulf  Stream  would  necessarily  pursue, 
in  case  of  the  subsidence  of  the  North  American  Continent*. 
The  facts  are  of  sufficient  importance  to  merit  investigation; 
and  it  is  to  be  hoped  that  other  observers  will  inform  ns 
whether  they  are  exceptional  phenomena,  or  correspond,  in  con- 
nection with  others,  to  some  ancient,  glacial  or  hydrographical 
area. 

UulTenity  of  Michigan,  Angosi  4, 18^6. 


Art.  XXXV. — On  Hie  Crystallization  of  Sulphur  and  upon  the 
Reaction  between  Sulphid  of  Hydrogen^  Ammonia  and  Alcohol; 
by  Charles  M.  Wetherill,  Ph.D.  M.D. 

Sulphur,  in  three  of  its  four  allotropic  conditions,  has  been 
well  studied,  notwithstanding  the  difficulties  which  the  rapid  pas- 
sage of  (r  S)  through  (j?  S)  to  (« S)  presents  to  experiments 
upon  the  first  two  modifications. 

The  most  reliable  specific  gravities  which  have  been  assigned 
to  the  different  forms  of  sulphur  are  the  following : 

MarchaDd  A  Scbeerer.  DerOle. 
Ehombic  octohedral  (« S)                     2-046  2*07 

Oblique  prismatic  (j?  S)  1 982  1-96 

The  red,  amorphous  (y  S)  1 957  1-91 

^  Quar.  Jour.  GeoL  Soc^  Tiii,  66.  Reprinted,  Am.  Jour.  Scl  and  Arte,  [SJ.  Xf^  TS- 
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Regnault  found  the  specific  heat  of  («  S)  =  0*20259,  and 
Marchand  and  Scheerer  that  of  ((?S)  =  0-20684.  During  the 
passage  of  (y  S)  to  (a  S),  a  considerable  amount  of  heat  is  evolved. 

Hence  in  the  red  amorphous  variety,  the  molecules  are  more 
widely  separated,  and  are  in  a  condition  of  unstable  equilibrium. 
In  satisfying  their  tendency  to  approach  each  other,  they  assume 
(by  the  fusion  method)  the  beta  form  of  prisms  of  the  monoclinic 
system ;  but  they  soon  pass  into  the  conaition  of  rest  as  rhombic 
octohedra  («  S),  of  the  trimetric  System.  This  transformation 
takes  place,  as  is  well  known  in  the  solid  prism,  which  is,  without 
change  of  form,  converted  into  numerous  smaller  crystals  of  (o  S). 

According  to  Frankenheim,  "^amma"  sulphur,  like  other  so- 
called  amorphous  bodies,  possesses  the  property  of  crystalliza- 
tion ;  but  the  manifestation  of  the  phenomenon  is  prevented  by 
the  admixture  of  alpha  and  beta  sulphur.  Heat  is  the  agent  by 
which  the  («)  form  is  converted  into  the  (l^and  (y)  modifications, 
and  has  always  been  supposed  to  play  an  important  part  in  the 
crvstallization  of  this  element.  The  ordinary  or  alpha  sulphur, 
when  crystallized  from  its  solvents,  sulphid  of  carbon,  or  oil  of 
turpentine,  reappears  as  octohedral  alpha  sulphur. 

Frankenheim,  however,  observed  that  when  the  body  is  pre* 
cipitated  from  its  solutions  at  a  temperature  approaching  its  point 
of  fusion,  it  assumes  the  prismatic  form  of  beta  sulphur. 

Mitscherlich  has  shown  that  crystals  of  (/?  S)  are  transformed 
xmmedicUely  into  (a  S),  when  dipped  into  a  solution  of  sulphur 
in  sulphid  of  carbon. 

According  to  Pasteur,  both  forms  of  the  element  may  crystal- 
lize from  the  above  solvent. 

M.  E.  Eoyer  determined  the  crystallization  from  a  turpentine 
solution,  either  in  a  or  i?  crystals,  according  to  the  temperature. 
Thus,  when  fifteen  grams  of  sulphur  were  heated  with  two 
hundred  and  fifty  grams  of  oil  of  turpentine,  the  solution  boiled 
at  158°  0.  Upon  pouring  one-half  of  the  liq^uid  into  a  glass 
vessel,  so  that  a  rapid  cooling  was  effected,  prisms  were  depos- 
ited ;  while  the  remainder  cooled  slowly,  yielded  octohedrons, 
and  not  a  single  prism. 

Such  experiments  would  appear  to  present  an  analogous  con- 
dition to  the  prismatic  crystallization  by  fusion,  and  subsequent 
change  to  the  alpha  form  by  rest  By  the  elevated  temperature 
the  molecules  of  sulphur  are  separated,  and  assume  the  relative 
positions  required  for  ((?  S) ;  while,  during  the  slow  refrigeration, 
they  have  time  to  arrange  themselves  into  the  rhombic  octohe- 
dral form,  in  which  they  are  in  stable  equilibrium. 

Each  of  the  allotropic  conditions  has  probably  a  correspond- 
ing vapor  density  and  its  own  chemical  affinities. 

The  only  known  vapor  density  is  that  of  {y  S) ;  the  others  not 
having  been  determined  from  their  transformation  to  this  modi- 
fication by  the  heat  required  for  the  experiment 
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Upon  the  assumption  that  sulphid  of  hydrogen  has  an  atomic 
constitution  analogous  to  that  of  water,  the  specific  gravity  of 
the  vapor  of  the  sulphur  in  the  compound  is  (by  calculation) 
2  21126 ;  but  Dumas  and  Mitscherlich  determined  the  density  of 
the  vapor  of  sulphur  (y  S)  itself  to  be  three  times  this  number, 
or  6'63378.  It  nas  hence  been  inferred  that  the  hydrogen  sul- 
phid  is  not  constituted  like  water;  but  is  composed  of  one  vol* 
ume  of  hydrogen  to  one-sixth  of  a  volume  of  sulphur. 

If,  however,  we  were  acquainted  with  the  true  vapor  density 
of  (a  S),  it  may  be  presumed  that  a  calculation  involving  this 
element  would  establish  an  analogous  constitution  for  sulphid  of 
hydrogen  and  water,  two  bodies  resembling  each  other  so  much 
in  their  chemical  behavior. 

Otto  supposes  that  sulphur  occurs  in  H  S  and  in  most  of  its 
combination  as  («  S),  and  that  perhaps  in  the  persulphids  of  po* 
tassium  &c.,  and  in  the  sulphur  acids  which  contain  two,  three, 
and  four  atoms  of  that  element,  it  exists  in  the  condition  of  ?  or 
y  sulphur. 

When  sulphur  is  dissolved  in  the  fat  oils  at  a  moderate  tem- 
perature, a  large  portion  of  the  element  separates  on  cooling  as 
a  yellow  powder  («  S) ;  but  if  the  temperature  be  elevated,  as  in 
the  preparation  of  balsamum  sulphuris^  the  sulphur  remains  in 
solution,  probably  as  (yS),  and  a  tenacious  gelatinous  mass  is 
the  result  of  the  reaction  (Otto). 

This  chemist  infers  that  since  the  vapor  density  of  (y  S)  is 
iJince  that  of  («  S),  the  specific  gravity  of  the  vapor  of  (^  S)  is 

Erobably  double  that  of  («  S).  If  this  assumption  be  correct  we 
ave  in  sulphur  an  allotropism  like  the  the  polymerism  of  com* 
pound  bodies. 

From  these  considerations,  the  question  of  the  crystal  form  of 
sulphur  in  the  act  of  separation  from  any  of  its  compounds  be* 
comes  one  of  great  interest. 

One  of  these  instances,  the  subject  of  this  article,  has  beeu 
presented  accidentally  to  my  notice. 

An  experiment  was  instituted  to  ascertain  -whether  the  prcs* 
ence  of  copper  in  alkaline  solution  (ammonia  oxyd  of  copper) 
would  determine  a  decomposition  of  glucose  different  from  that 
effected  by  the  alkali  alone.  The  ammonia  copper  was  added 
to  a  boiling  solution  of  glucose  until  the  blue  color  of  the 
former  was  no  longer  discharged.  Upon  cooling,  alcohol  was 
added  and  then  sulphid  of  hydrogen  was  passed  through  the 
liquid  to  separate  the  copper.  On  the  next  morning  the  filtrate 
contained  a  quantity  of  beautiful  prismatic  crystals  of  sulphur, 
of  which  some  exceeded  an  inch  in  length.  When  spread  upoa 
filter  paper  to  dry  they  became  opaque,  and  broke  up  readily 
into  granules. 

To  ascertain  whether  the  products  of  de^mposition  of  the 
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glucose  efifected  the  crystallization,  a  liter  of  94  p.  c.  alcohol  was, 
on  July  4, 1864,  saturated  first  with  ammonia,  then  with  sulphid 
of  hydrogen,  and  was  placed  in  a  loosely  stoppered  bottle  upon 
a  shelf  in  the  laboratory  of  the  Smithsonian  Institution,  where 
it  remained  undisturbed  until  May  26,  1865. 

At  this  time  the  sides  of  the  bottle  were  coated  with  white, 
slightly  nacreous  crystals,  which  were  more  numerous  upon  the 
part  of  the  bottle  most  exposed  to  the  light.  The  formation  of 
these  crystals  commenced  upon  the  day  after  the  saturation  with 
the  hydrogen  sulphid.  The  solution  was  of  brownish  deep  red 
color.  The  crystals  measured  -Jth  of  an  inch  in  diameter,  and, 
under  the  microscope,  had  the  appearance  of  scales  or  plates, 
with  rounded,  ill-defined  contour.  A  few  appeared  to  be  hex- 
agonal and  a  very  few  were  of  spear  shape.  They  were  all 
completely  soluble  in  water,  more  slowly  so  in  alcohol,  yielding 
a  solution  of  faint  acid  reaction.  They  lost  ammonia  upon  being 
heated  with  caustic  potassa.  Their  solution  treated  with  sul- 
phuric acid  evolved  sulphurous  acid  and  depoj*ited  sulphur. 
Heated  upon  platina  foil  they  evaporated  without  previous 
fusion.  Their  taste  was  sharp  and  biting.  Heated  in  a  tube 
they  yielded  a  deliquescent  suolimate  which  contained  sulphur. 
Their  solution  did  not  blacken  acetate  of  lead,  but  gave  a  white 
precipitate  with  this  reagent.  With  nitrate  of  baryta  a  white 
precipitate,  insoluble  in  hydrochloric  acid,  fell  after  a  short  time, 
with  nitrate  of  silver  a  precipitate  was  obtained  which  passed 
gradually  from  white  through  yellow  and  brown  to  blacK.  It 
S>llows  trom  these  reactions  that  the  crystals  are  hyposulphite  of 
ammonia.  Bammelsberg  gives  for  the  constitution  of  this  salt 
the  formula  8(NH,0,  S,03,)+H0.      . 

K  the  experiments  had  rested  at  this  point,  the  erroneous 
inference  would  have  been  drawn  from  them  that  the  presence 
of  organic  matter  (from  the  glucose,)  occasioned  the  prismatic 
crystallization  of  sulphur;  but  the  solution  in  the  last  example 
was  filtered  to  remove  the  crystals;  and  the  clear  liquid  was  re- 
turned to  the  bottle.  The  crystals  were  washed  upon  the  filter 
with  a  little  alcohol,  which  was  suflFered  to  drop  into  the  bottle 
and  formed  a  stratum  of  a  few  lines  in  depth  upon  the  surface 
of  the  dark  colored  solution. 

On  the  next  day  a  beautiful  crystallization  of  sulphur  in 
prisms  was  observed,  and  its  advance  was  watched  for  several 
days.  The  crystals  formed  upon  the  sides  of  the  vessel  at  the 
surface  of  the  liquid,  extended  inwards,  and  developed  them- 
selves downward.  In  proportion  as  they  grew,  the  liquid  ex- 
changed its  dark  red  for  a  light  amber  color  until  the  whole  of 
the  solution  had  acquired  that  tinge,  the  advance  being  from  the 
surface,  downward.  The  prisms  were  very  slender,  and  termin- 
ated in  planes  oblique  to  the  axis  of  the  crystal.  Not  a  single 
Aic  JouB.  Sox.— Seookd  Sbbus,  Vol.  XL,  No.  12a— Not;,  1865. 
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octahedron  was  detected.  By  their  insolubility  in  water,  and  by 
heating  upon  platina  foil  they  were  proved  beyond  a  doubt  to  be 
sulphur.  Some  of  the  crystals  measured  over  two  inches  in  length; 
they  were  at  first  transparent,  and  of  a  canary  yellow  color. 

On  the  second  day  after  their  appearance  they  had  lost  their 
transpareuCT,  and  the  microscope  showed  them  to  be  full  of 
fissures,  very  minute  crystals  were  formed  upon  the  prisms 
and  upon  the  sides  of  the  bottle.  Those  occupying  the  latter 
position  were  magnified  with  a  high  power,  ana  appeared  to  be 
Dushes  or  star-shaped  groups  of  prismatic  crystals,  radiating 
from  a  central  globular  and  minute  molecule.  On  the  third  day 
the  latter  crystals  had  become  suflSciently  developed  to  show 
that  they  were  not  prisms  but  rhombic  octahedra,  and  that  the 
crystals  strung  along  the  primary  prisma  like  beads,  were  also 
rhombic  octahedra.  These  crystals  were  all  truncated  as  to  their 
apices  by  planes  perpendicular  to  the  principal  axes.  The  simi- 
lar faces  (O)  of  the  lines  of  octahedra  situated  along  the  primary 
prisms  were  contained  in  parallel  planes.  These  octahedra  did 
not  appear  to  have  resulted  from  a  breaking  up  of  the  primary 
prisms ;  but  to  be  deposited  upon  the  latter.  I  inferred  that  the 
prisms  were  at  first  {?&),  in  which  a  change  to  multitudes  of 
octahedral  crystals  of  (oS),  contained  within  the  prism,  was  ef- 
fected ;  and  that  the  contact  of  this  group  of  (a  S)  crystals  with 
the  sulphur  separating  gradually  from  its  solution  determined 
the  crystallization,  in  the  neighborhood  of  the  altered  prismsy  accord- 
ing to  the  alpha  modification.  It  was  remarkable  that  while  this 
octahedral  crystallization  was  going  on,  transparent  prismatic  CTys- 
tals  were  forming  in  other  parts  of  the  solution,  and  I  supposed 
at  first  that  the  prisms  might  belong  to  the  trimetric  system ;  but 
long  observation  of  them  assured  me  that  they  were  monoclinic. 

On  June  4th  the  separation  of  the  sulphur  was  complete  from 
the  liquid,  which  was  of  amber  color.  At  this  time  other  crys- 
tals in  the  form  of  transparent  scales  were  forming.  These 
were  ascertained,  by  the  taste  and  action  of  reagents,  to  be  hy- 
posulphite of  ammonia.  There  was  nothing  new  in  the  crystal- 
lization of  the  sulphur  except  the  very  instructive  fact  that 
where  a  prism  had  fallen  from  the  side  of  the  vessel  to  the  bot- 
tom, the  sulphur  had  crystallized  in  beautiful,  well  defined 
rhombic  octahedra,  with  perfect  apices,  and  which  were  as  clear 
and  colorless  as  rock  crystal.  They  were  arranged  in  rows,  Uius 
indicating  the  former  positions  of  the  prisms  upon  the  bottle. 

All  of  these  crystals  were  first  treated  with  water  to  dissolve 
the  hyposulphite  of  ammonia.  When  this  was  performed  under 
the  microscope,  the  transparent  scales  were  seen  to  disappear, 
and  there  remained  octahedrons  and  prisms,  some  of  whicn  had 
imperfect  octahedral  crystals  deposited  upon  them.  The  prisms 
appeared  granular  and  were  of  canary  color ;  the  octahedrons 
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were  almost  white.  When  heated,  and  observed  thus  with  the 
microscope,  the  crystals  became  of  deep  yellow  color,  and  by  ele- 
vating tne  temperature  fused,  yielding  all  of  the  characters  of 
sulphur.  It  would  seem  to  result  from  these  experiments  that 
sulphur  exists  in  combination  with  hydrogen,  (or  perhaps  with 
ammonium),  in  the  B  allotropic  condition.  We  may  readily 
conceive  a  change  in  the  sulphur  after  it  has  been  separated 
from  the  ^  to  the  «  modification ;  but  we  cannot  so  readily 
imagine  that  it  should  leave  its  alpha  form  to  assume  the  more 
unstable  beta  condition. 

We  have  also  here  an  example  of  the  crystallization  of  (|?  S) 
without  heat.  Since  the  original  prisms  of  beta  sulphur  are 
canary  colored,  and  not  of  brownish  tinge,  it  would  seem  that 
the  prisms  obtained  by  fusion  owe  their  brown  tint  to  p  sulphur. 
The  hypothesis  may  be  ventured  that  the  color  of  («  S)  is  white 
or  very  pale  yellow,  that  of  (PS)  yellow,  that  of  (yS)  reddish 
brown  and  that  of  (^S)  nearly  black. 

In  the  reaction  between  suiphid  of  hydrogen  in  the  alcoholic 
solution  of  ammonium,  suiphid  of  ammonium,  distinguished  by 
its  odor,  is  at  first  formed;  the  smell  is  gradually  exchanged 
for  a  strong  and  persistent  one  of  suiphid  of  ethyl  until  at  least 
no  ammonium  suiphid  can  be,  by  the  proper  reagents,  detected 
in  the  liquid.  The  sulphur  is  then  contained  in  the  clear  solu- 
tion partly  as  hyposulphite  and  in  part  as  free  sulphur  dissolved, 
or  in  some  manner  kept  from  separating  by  the  hyposulphite/ 
It  is  to  this  dissolved  sulphur  tliat  the  liquid  owes  its  dark 
tinge,  which  depth  of  color  came  on  gradually  as  the  suiphid  of 
ammonium  was  oxydized.  When  the  solution  lost  a  portion  of 
its  hyposulphite  by  crystallization,  the  free  sulphur  separated 
and  the  liquid  lost  its  dark  color.  Then  another  portion  of  hy- 
posulphite of  ammonia  appeared  in  crvstaJs. 

As  the  experiment  has  been  set  asidfe  for  further  examination 
by  slow  crystallization,  I  am  unable  at  present  to  say  whether 
any  sulphite  of  ammonia  has  been  formed.  The  odor  of  free 
ammonia  is  very  powerful,  and  the  liquid  contains  sulphite  of 
ethyl.  A  drop  evaporated  in  the  air  upon  a  glass  slide  exhibits 
microscopic  oil  globules,  having  a  strong  smell  of  the  suiphid  of, 
ethyL  The  same  globules  may  be  al^orbed  by  agitating  the 
liquid  with  ether,  precipitating  by  water,  ana  suflfering  the 
ethereal  solution  to  evaporate  spontaneously  in  a  watch  glass. 

The  liquid  also  contains  hyposulphite  of  ammonia  in  solution, 
and  there  are  no  crystals  in  it  at  present 

The  following  formula  may  illustrate  its  reaction : 
8NH4  S-f  60=NH^  0,  Sj  Oa+2NH^  0+8 ; 
and  for  the  suiphid  of  ethyl,  perhaps, 

NH^  S+C^  H^  0,HO=:NH^  0,HO+C^  H^  & 
'  Are  7  S  or  P  S  soluble  in  the  hyposalphite  f  ^ 
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I  cannot  say  whether  mercaptan  was  formed ;  the  odor  ap^ 
peared  to  be  diflTerent  from  that  of  this  alcohol,  and  there  was 
no  action  by  the  solution  on  oxyd  of  mercury.  I  have  regarded 
the  formation  of  the  ethyl  sulphid  as  without  influence  upon 
the  peculiar  crystallization  of  sulphur  here  described.  It  may 
however  be  otherwise,  for  MM.  Dietzenbacher  and  Moutier  (C.  R, 
Ix,  353)  have  recently  discovered  that  naphthaline,  camphor, 
crecsote,  oil  of  turpentine,  carbon,  &c.,  modify  the  condition  of 
sulphur  rendering  it  soft  and  plastic,  as  well  as  partially  inaola* 
ble  in  sulphid  of  carbon. 


Aet.  XXXVL — On  (he  History  of  Eozoon  Canadense. 

WITH  A    PLATS. 

In  volume  xxxvii  of  this  Journal,  at  p.  272,  will  be  found  a 
note  to  one  of  the  Editors  from  Sir  W.  E.  Logan,  dated  Feb.  17, 
186i,  announcing  the  discovery  in  the  Laurentian  limestones  of 
Canada  of  organic  remains,  which,  after  a  careful  microscopic  ex- 
amination had  been  pronounced  by  Dr.  Dawson,  to  belong  to  a 
gigantic  Rhizopod.  On  page  431  of  the  same  volume  is  a  further 
note  by  Dr.  T.  Sterry  Hunt,  dated  April  2,  1864,  in  which  he 
states  that  in  these  organic  remains  the  calcareous  skeleton  re- 
mains unchanged,  while  the  sarcode  is  replaced  by  certain  sili- 
cates, pyroxene,  serpentine,  and  a  mineral  allied  to  chlorite  in 
composition ;  the  minute  tubuli  of  the  fossil  being  injected  by 
these  silicates  in  a  manner  analogous  to  that  presented  by  the 
tertiary  and  modern  Rhizopods,  which  are  filled  with  glauconite. 

These  were  the  first  announcements  of  this  remarkable  discov- 
ery, which  has  since  been  zealously  followed  up.  Specimens 
of  this  fossil,  which  Dr.  Dawson  has  named  Eozoon  Canademe^ 
have  been  submitted  to  Dr.  W.  B.  Carpenter  of  London,  who  is 
well  known  to  be  the  great  authority  on  Rhizopods,  and  the  re- 
sult of  his  examinations  has  been  to  confirm  completely  the  de- 
terminations of  Dr.  Dawson,  and  to  add  to  the  aescription  by 
the  latter  some  further  structur«il  details,  which  the  more  perfect 
specimens  examined  by  Dr.  Carpenter  enabled  him  to  detect 

The  results  of  the  various  investigations  of  the  Eozoon  are 
found  in  four  papers  published  in  the  Journal  of  the  Geological 
Society  of  London,  for  February,  1865.  The  first  of  these  by 
Sir  W.  E.  Logan  describes  the  general  geological  relations  of  the 
Laurentian  rocks,  and  is  accompanied  by  two  sections  which  we 
reproduce  below. 

He  also  relates  the  history  of  the  first  discovery  of  the  fossil, 
specimens  of  which  were  exhibited  by  him  to  the  American 
Association^  at  Springfield  in  August,  1859^and  wdre  then  re- 
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garded  by  him  and  by  Prof.  James  Hall  as  organic,  although  the 
microscope  had  as  yet  failed  to  detect  the  beautiful  structure 
since  found  in  such  perfection  in  the  specimens  from  other 
localities. 

Sir  William  Logan  moreover  recalls  the  fact  that  Dr.  Hunt  had 
already  from  the  presence  of  iron-ore  beds,  graphite,  and  metallic 
sulphurets,  argued  for  the  existence  of  life  during  the  formation 
of  the  Laurentian  rocks.  See  on  this  point  a  paper  read  in  Jan. 
1859  before  the  Geol.  Society  of  London,  and  published  in  the 
Journal  of  that  society,  of  which  a  review  will  be  found  in  this 
Journal,  [2],  xxx,  134.  This  view  is  further  developed  in  Dr. 
Hunt's  paper  on  American  Geology  in  this  Journal,  [2],  xxxi^ 
896,  where  he  concludes  on  chemical  grounds  to  *Hhe  existence 
of  an  abundant  vegetation  during  the  Laurentian  period." 

The  second  paper  is  by  Dr.  Dawson,  and  gives  his  zoological 
description  of  Eozoon  and  its  afihities,  with  a  lithographed  plate. 
The  tnird  is  an  extended  note  by  Dr.  Carpenter,  in  which  he 
fully  confirms  the  sagacious  determination  of  Dr.  Dawson  as  to 
the  rhizopod  characters  and  foraminiferal  affinities  of  Eozoon, 
and  is  illustrated  with  a  wood-cut  and  ten  lithographed  plates. 
In  the  fourth  place  we  have  a  paper  on  the  mineralogy  of  Eo- 
zoon by  Dr.  T.  Sterry  Hunt. 

These  four  papers  are  reprinted  in  the  Canadian  Naturalist  for 
April,  1865,  with  a  single  lithographed  plate  containing  selec- 
tions from  the  three  just  mentioned,  and  with  the  addition  of  a 
nature-printed  section  of  Eozoon,  both  of  which  we  place  before 
our  readers,  together  with  extracts  of  the  papers. 

The  Eozoon  has  also  been  carefully  studied  by  Prof.  T.  Bupert 
Jones,  who  in  the  Popular  Science  Review  for  April,  1865,  has 
given  an  excellent  paper  on  the  geological  and  zoological  relations 
of  the  new  fossil,  together  with  a  colored  plate.  In  addition  to 
this  the  Intellectual  Observer  for  May,  1865,  contains  an  essay 
of  twenty -four  pages  on  the  same  subject  by  Dr.  Carpenter,  with 
two  excellent  plates.  As  a  further  contribution  to  the  literature 
of  Eozoon  we  may  mention  that  tfie  pages  of  the  London  Reader 
for  June,  contain  a  correspondence  oetween  Dr.  Carpenter  and 
Messrs.  King  &  Rowney,  of  Gal  way,  who  venture  to  question 
the  opinion  of  Messrs.  Dawson,  Carpenter  and  Rupert  «fones  as 
to  the  organic  nature  of  Eozoon.  This  correspondence  is  chiefly 
interesting  as  giving  from  Dr.  Carpenter  the  authorized  an- 
nouncement by  Milne-Edwards,  that  he,  after  a  careful  study, 
fully  concurs  in  the  views  of  the  latter  named  observers  as  to 
the  structure  and  affinities  of  Eozoon. 

We  now  proceed  to  notice  Sir  William  Logan's  description  of 
the  Laurentian  rocks,  the  general  facts  in  whose  history  are 
briefly  given  in  a  paper  by  Dr.  T.  Sterry  Hunt  in  this  Journal, 
[2],  xxxvi,  222. 
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"The  oldest  known  rocks  of  North  America  are  those  which 
compose  the  Laurentide  Mountains  in  Canada  and  the  Adiron- 
dacks  in  the  state  of  New  York.  By  the  investigations  of  the 
Geological  Survey  of  Canada,  they  have  been  shown  to  be  a 
great  series  of  strata,  which,  though  profoundly  altered,  consist 
chiefly  of  quartzose,  aluminous,  and  calcareous  rocks,  like  the 
sedimentary  deposits  of  less  ancient  limes.  This  great  mass  of 
crysttilline  rocks  is  divided  into  two  groups,  and  it  appears  that 
the  Upper  Laurentian  or  Labrador  series  rests  unconformably 
upon  the  Lower  Laurentian  series.  The  united  thickness  of 
the  two  groups  in  Canada  cannot  be  less  than  80,000  feet,  and 
probably  much  exceeds  it  The  Laurentian  of  the  west  of  Scot- 
land, also  according  to  Sir  Roderick  Murchison,  attains  a  great 
thickness."  In  that  region  the  Labrador  series  had  not  until  re- 
cently been  certainly  recognized,  although  from  the  descriptions 
of  Mcculloch,  and  from  an  examination  of  the  specimens  col- 
lected by  him,  and  now  in  the  Museum  of  the  Geological  Society 
in  London,  Dr.  Hunt  in  1863,  had  expressed  the  opinion  that 
the  rocks  of  Skye  belong  to  this  series.  (See  as  above,  page 
226.)  Prof  Haughton  of  Dublin  has  since  visited  the  islands  of 
lona  and  Skye,  and  confirmed  the  observations  of  Dr.  Hunt. 
(GeoL  Magazine,  Feb.  1865,  page  73.) 

The  labradorite  and  hyperstbene  rocks  from  that  island  are 
identical  with  those  of  tne  Labrador  series  in  Canada  and  New 
York,  and  unlike  those  of  any  formation  at  any  other  known 
horizon.  This  resemblance  did  not  escape  the  notice  of  Em- 
mons, who,  in  his  description  of  the  Adirondack  Mountains,  re- 
ferred these  rocks  to  the  hypersthene-rock  of  McCulloch,  al- 
though these  observers,  on  the  opposite  sides  of  the  Atlantic, 
lookeid  upon  them  as  unstratified. 

Sir  William  then  proceeds  to  notice  the  ancient  gneiss  which  in 
Bavaria  and  Bohemia  underlies  the  primordial  zone,  with  a  great 
intervening  mass  of  clay  slates.  This  old  gneiss,  which  is  esti- 
mated by  Giimbel  and  Crejci  to  have  a  thickness  of  90,000  feet, 
may,  as  Sir  William  suggests,'include  both  the  Upper  and  Low- 
er Laurentian,  and  perhaps  the  Huronian,  which  is  believed  to 
be  more  recent  than  the  Labrador  series,  although  the  two  groups 
have  never  yet  been  found  in  contact.  He  then  proceeds  to  re- 
mark: 

*'The  united  thickness  of  these  three  great  series  may  possi- 
bly far  surpass  that  of  all  the  succeeding  rocks  from  the  oase  of 
the  Palaeozoic  series  to  the  present  time.  We  are  thus  carried 
back  to  a  period  so  far  remote,  that  the  appearance  of  the  so- 
called  Primordial  fauna  may  by  some  be  considered  a  compara- 
tively modern  event.  We  however  find  that  even  during  the 
Laurentian  period,  the  same  chemical  and  mechanical  processes 
which  have  ever  since  been  at  work  disintegrating  and  reoon- 
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structing  the  earth's  crust  were  in  operation  ^  \(m     ^^ 

as  now.     In  the  conglomerates  of  the  Hu- 

ronian  series  there  are  enclosed  boulders 

derived  from  the  Laurentian,  which  seem 

to  show  that  the  parent  rock  was  altered  to 

its  present  crystalline  condition  before  the 

deposit  of  the  newer  formation ;  while  in-  5-?  5*  * 

terstratified  with  the  Laurentian  limestones 

there  are  beds  of  conglomerate,  the  pebbles 

of  which  are  themselves  rolled  fragments 

of  an  older  laminated  sand-rock,  and  the 

formation  of  these  beds  leads  us  still  further 

into  the  past." 

"  In  both  the  Upper  and  Lower  Lauren- 
tian series  there  are  several  zones  of  lime- 
stone, each  of  suflScient  volume  to  constitute 
an  independent  formation.  Of  these  cal- 
careous masses  it  has  been  ascertained  that 
three,  at  least,  belong  to  the  Lower  Lauren- 
tian. Bat  as  we  do  not  as  yet  know  with 
certainty  either  the  base  or  the  summit  of 

this  series,  these  three  may  be  conformably 

followed  by  many  more.     Although  the  ^g^^^ 
Lower  and  Upper  Laurentian  rocks  spread   S-?! 
over  more  than  200,000  square  miles  in   ^  i  P 
Canada,  only  about  1500  square  miles  have      S 
yet  been  fully  and  connectedly  examined  in      5: 
any  one  district ;  and  it  is  still  impossible  to      | 
say  whether  the  numerous  exposures  of  Lau-      g 
rentian  limestone  met  with  in  other  parts  of      ^ 
the  province  are  equivalent  to  any  of  the 
three  zones,  or  whether  they  overlie  or 
underlie  them  all."  ^  n  •. 

In  this  connection  are  given  the  two  fol-  ^^^ 
lowing  sections,  which  serve  to  show  the  g  ^  3 
structure  of  the  Lower  Laurentian  rocks,  ^'^a. 
and  their  relation  to  the  overlying  Labrador  "*  ^  S 
and  Lower  Silurian  series.  g.? 

The  Eozoon  Canadense  occurs  at  Gren-  §-  3  g 
ville,  and  in  the  Petite  Nation  seigniory  at 
the  two  points  indicated  in  the  first  section, 
and  in  both  places  in  the  third  or  upper- 
most band  of  the  Lower  Laurentian  lime- 
stone. The  same  fossil  has  also  been  ob- 
tained to  the  south  of  the  Ottawa,  in  Bur* 
gess,  and  farther  west  at  the  Grand  Calumet 
on  the  Ottawa,  in  both  instances  in  a  limestone  band  whose  pre- 
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cise  place  in  the  series  has  not  been  determined,  nor  is  it  known 
whetlier  the  fossil  extends  to  the  two  lower  conformable  limc^ 
Atone  bands,  or  to  the  calcareous  zones  in  the  unconformable 
Upper  Laurentian  series. 

"The  Grenville  zone  of  limestone  is  in  some  places  about 
1500  feet  thick,  and  it  appears  to  be  divided  for  considerable  dis- 
tances into  two  or  three  parts  by  very  thick  bands  of  gneiss. 
One  of  these  bands  occu-      i?.     ^      «  ..  m      .•• 

pies  a  position  toward  the      F'g- 2.-5err,o;i  acrw,  r,^^^ 

lower  part  of  the  limestone,  ^""'*'""*  ^^^  ^^^f  >• 

and  may  have  a. volume  of 
between  100  and  200  feet. 
It  is  at  the  base  of  this 
limestone    formation    that 

the  fossil  occurs.   This  part  j!^  .,__.. „^.^^.^^rr,  .r.^ 

of  the  zone  is  largely  com-  *  Y^^fT^*  T'^lj^'  '"/ 
posed  of  great  and  small  j.  upper  Lnurentian.  «'.  Second  limestone, 
irregular  masses  of  white  e.  Fourth  gneiss, 
crystalline  pyroxene,  some  ^'.'JJi*'^  lim^tone. 
of  them  twenty  yards  in  ^  Third  gneiss, 
length  by  four  or  five  wide.  They  appear  to  be  confusedly 
placed  one  above  another,  with  many  ragged  interstices,  and 
8moothly-worn,  rounded,  large  and  small  pits  and  sub-cylindri- 
cal cavities,  some  of  them  pretty  deep.  The  pyroxene,  though 
it  appears  compact,  presents  a  multitude  of  small  spaces  filled 
with  carbonate  of  lime,  and  many  of  these  show  minute  struc- 
ture similar  to  that  of  the  fossil.  These  masses  of  pyroxene 
may  characterize  a  thickness  of  about  200  feet,  and  the  inter- 
spaces among  them  are  filled  with  a  mixture  of  serpentine  and 
carbonate  of  lime.  In  general  a  sheet  of  pure  dart  green  ser- 
pentine invests  each  mass  of  pyroxene;  the  thickness  of  the 
serpentine,  varying  from  the  sixteenth  of  an  inch  to  several 
inches,  rarely  exceeding  half  a  foot  This  is  followed  in  differ- 
ent spots  by  parallel  waving,  irregularly  alternating  plates  of 
carbonate  of  lime  and  serpentine,  which  become  gradually  finer 
as  they  recede  from  the  pyroxene,  and  occasionally  occupy  a 
total  thickness  of  five  or  six  inches.  These  portions  constitute 
the  unbroken  fossil,  which  may  sometimes  spread  over  an  area 
of  about  a  square  foot,  or  perhaps  more.  Other  parts,  immedi- 
ately on  the  outside  of  the  sheet  of  serpentine,  are  occupied  with 
about  the  same  thickness  of  what  appear  to  be  the  ruins  of  the 
fossil,  broken  up  into  a  more  or  less  granular  mixture  of  calc- 
spar  and  serpentine,  the  former  still  showing  minute  structure; 
and  on  the  outside  of  the  whole  a  similar  mixture  appears 
to  have  been  swept  by  currents  and  eddies  into  rudely  parallel 
and  curving  layers;  the  mixture  becoming  gradually  more 
calcareous  as  it  recedes  from  the  pyroxene.    Sometimes  beds  of 
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limestone  of  several  feet  in  thickness,  with  the  green  serpentine 
more  or  less  aggregated  into  layers,  and  studded  with  isolated 
lumps  of  pyroxene,  are  irregularly  interstratified  in  the  mass 
of  rock ;  and  less  frequently  there  are  met  with  lenticular  patches 
of  sandstone  or  granular  quartzite,  of  a  foot  in  thickness  and  seve- 
ral yards  in  diameter,  holding  in  abundance  small  disseminated 
leaves  of  graphite." 

"The  general  character  of  the  mass  produces  the  impression 
that  it  is  a  great  Foraminiferal  reef,  in  which  the  pyroxenio 
masses  represent  a  more  ancient  portion,  which  having  died,  and 
having  become  much  broken  up,  and  worn  into  cavities  and  deep 
recesses,  afforded  a  seat  for  a  new  growth  of  Foraminifera^  rep- 
resented by  the  calcareo-serpentinous  part.  This  in  its  turn  be- 
came broken  up,  leaving  in  some  places  uninjured  portions  of 
the  general  form.  The  main  diflference  between  this  Foraminif- 
eral reef  and  more  recent  coral-reefs  seems  to  be  that,  while  with 
the  latter  are  usually  associated  marine  shells  and  other  organic 
remains,  in  the  more  ancient  ones  the  only  remains  yet  found  are 
those  of  the  animal  which  built  the  reef." 

The  structure  and  appearance  of  the  unbroken  fossil  will  be 
understood  from  the  following  nature-printed  section,  the  prepa- 
ration of  which  is  thus  described  by  Dr.  Hunt. 

"  The  replacing  min- 
eral in  this  specimen 
being  aerpentme,  the 
calcareous  septa  were 
dissolved  from  the  pol- 
ished surface  by  the 
action  of  an  acid,  and 
the  fine  material  re- 
placing the  tubuli  hav- 
ing been  removed  by 
the  aid  of  a  brush,  a 
wax  mould  of  the 
etched  surface  furn- 
ished the  electrotype 
cast  from  which  tne 
above  figure  is  printed. 
The  lights  thus  repre- 
sent the  calcareous  skel- 
eton, and  the  shaded 
portion  a  thick  mass  of 
serpentine,  which  is 
distinguishable  from  a 
contiguous  thin  stra- 
tum of  the  same  min-  8.  Nature-printed  section  of  a  specimen  of  EcaoSn 

eral,  that  seems  to  form  ^"^«^  ^^°^  ^*^^*"  ^^'^^^  ^^ApAovy, 
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the  base  of  the  Eozoon.  The  gradual  passage  from  tlie  yfu\t 
chambers  and  thick  septa  to  the  narrower  and  thinner  ones,  and 
finally  to  the  irregularly  aggregated  mode  of  growth,  de^ignatt'd 
by  Dr.  Carpenter  as  acervuline^  is  well  seen.  The  white  palchi* 
in  the  upper  portion  of  the  figure  do  not  arise  irom  any  imiHT- 
fection  in  the  electrotype,  but  represent  the  imgular  growtli  of 
this  part  of  the  calcareous  skeleton." 

Slices  of  the  fossils  having  been  prepared  for  micros- H>pic  ex- 
amination, and  submitted  to  Dr.  Dawson,  were  at  on':e  recog- 
nized by  him  as  presenting  the  characters  of  Foraminifei  al  sheUs. 
After  a  careful  examination  of  a  large  number  of  specimens  he 
named  and  described  the  fossil  as  follows. 

*^  Eozoon  Canadense  ;  gen,  eU  spec.  nov. 

General  form, — Massive,  in  large  sessile  patches  or  irregular 
cylinders,  growing  at  the  surface  by  the  addition  of  successive 
laminas. 

Internal  structure. — Chambers  large,  flattened,  irregular,  with 
numerous  rounded  extensions,  and  separated  by  walls  of  varia- 
ble thickness,  which  are  penetrated  by  septal  orifices  iireguhirly 
disposed.  Thicker  parts  of  the  walls  with  DUndles  of  fine  branch- 
ing tubuli." 

The  grounds  on  which  he  inferred  its  foranainileral  character 
are  thus  stated  by  Dr.  Dawson : 

"1.  The  serpentine  and  pyroxene  which  fill  the  cavities  of  the 
calcareous  matter  have  no  appearance  of  concretionary  struc- 
ture. On  the  contrary,  their  aspect  is  that  of  matter  introducei 
by  infiltration,  or  as  sediment,  and  filling  spaces  |jreviously  ex- 
isting. In  other  words,  the  calcareous  matter  has  not  been 
moulded  on  the  forms  of  the  serpentine  and  auj^itr,  but  the?^ 
have  filled  spaces  or  chambers  in  a  hard  calcareous  mass.  This 
conclusion  is  further  confirmed  by  the  fact,  to  be  refered  to  in 
the  sequel,  that  the  serpentine  includes  multitudes  of  minute^  fc>r- 
eign  bodies,  while  the  calcareous  matter  is  uniform  and  homoge- 
neous. It  is  also  to  be  observed  that  small  veins  of  carbonate  of 
lime  occasionally  traverse  the  specimens,  and  in  their  entini  ab- 
sence of  structures  other  than  crystalline,  present  a  striking  con- 
trast to  the  supposed  fossils." 

"  2.  Though  the  calcareous  laminae  have  in  places  a  crj  stal- 
line  cleavage,  their  forms  and  structures  have  no  relation  to  this. 
Their  cells  and  canals  are  rounded,  and  have  smooth  walls, 
which  are  occasionally  lined  with  films  apparently  of  carboiiac^e- 
ous  matter.  Above  all,  the  minute  tuouli  are  difierent  fn^m 
anything  likely  to  occur  in  merely  crystalline  calcspar.  While 
in  such  rocks  little  importance  might  be  attached  to  ext^irnal 
forms  simulating  the  appearances  of  corals,  sponges,  or  other  «»r- 
ganisms,  these  delicate  internal  structures  have  a  much  higher 
claim  to  attention.    Nor  is  there  any  improbability  in  the  prc«- 
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ervation  of  such  minute  parts  in  rocks  so  highly  crystalline, 
since  it  is  a  circumstance  of  frequent  occurrence  in  the  microscopio 
examination  of  fossils  that  the  finest  structures  are  visible  in 
specim<ins  in  which  the  general  form  and  the  arrangement  of 
piirts  have  been  entirely  obliterated.  It  is  also  to  be  observed 
tliat  the  structure  of  the  calcareous  laminaa  is  the  same,  whether 
the  intervening  spaces  are  filled  with  serpentine  or  with  py* 
roxene." 

"  it.  The  structures  above  described  are  not  merely  definite 
and  uniform,  but  they  are  of  a  kind  proper  to  animal  organisms, 
and  more  especially  to  one  particular  type  of  animal  life,  as 
likely  as  any  other  to  occur  under  such  circumstances;  I  refer 
to  that  of  the  Rhizopods  of  the  order  Foraminifera.  The  most 
important  point  of  difference  is  in  the  great  size  and  compact 
habit  of  growth  of  the  specimens  in  question ;  but  there  seems 
liO  good  reason  to  maintain  that  Foraminifera  must  necessarily 
be  of  small  size,  more  especially  since  forms  of  considerable  mag* 
nitude  referred  to  this  type  are  known  in  the  Lower  Silurian. 
Prof  Hall  has  described  specimens  of  Receptaculites  twelve  inch* 
es  in  diameter;  and  the  fossils  from  the  Potsdam  formation  of 
Labrador,  referred  by  Mr.  Billings  to  the  genus  Archceocyathtia, 
are  examples  of  Protozoa  with  calcareous  skeletons  scarcely  infe- 
rior in  their  massive  style  of  growth  to  the  forms  now  under  con- 
sideration." 

**  These  reasons  are,  I  think,  sufficient  to  justify  me  in  regard- 
ing these  remarkable  structures  as  truly  organic,  and  in  search- 
ing for  their  nearest  allies  among  the  Foraminifera.^^ 

**  Supposing  then  that  the  spaces  between  the  calcareous  1am- 
iniB,  as  well  as  the  canals  and  tubuli  traversing  their  substance, 
were  once  filled  with  the  sarcode-body  of  a  Rhizopod,  compari- 
sons with  modern  forms  at  once  suggest  themselves." 

*'From  the  polished  specimens  in  the  Museum  of  the  Canadi- 
an Geological  Survey,  it  appears  certain  that  these  bodies  were 
sessile  by  a  broad  base,  and  grew  by  the  addition  of  successive 
layers  of  chambers,  separated  by  calcareous  laminae,  but  commu- 
nicating with  each  other  by  canals  or  septal  orifices  sparsely  and 
irregularly  distributed.  Small  specimens  have  thus  much  tho 
aspect  of  the  modern  genera  Carpenteria  and  Polytrema,  Like 
the  first  of  these  generaj  there  would  also  seem  to  have  been  a 
tendency  to  leave  in  the  midst  of  the  structure  a  large  central 
canal,  or  deep  funnel-shaped  or  cylindrical  opening,  for  commu- 
nication with  the  sea-water.  Where  the  laminae  coalesce,  and 
the  structure  becomes  more  vesicular,  it  assumes  the  *acervuline' 
character  seen  in  such  modern  forms  as  Nuheculariay 

**  Still  the  magnitude  of  these  fossils  is  enormous  when  com- 
pared with  the  species  of  the  genera  above  named ;  and  from  the 
specimens  in  the  larger  slabs  from  GrenviUe,  in  the  Museum  of 
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the  Canadian  Survey,  it  would  seem  that  these  organisms  grew 
in  groups,  which  ultimately  coalesced,  and  formed  large  masses 
penetrated  by  deep  irregular  canals ;  and  that  they  continued  to 
crow  at  the  surface,  while  the  lower  parts  became  dead,  and  were 
filled  up  with  infiltrated  matter  or  sediment  In  short,  we  have 
to  imagine  an  organism  having  the  habit  of  growth  of  Carpen- 
ieria,  but  attaining  to  an  enormous  size,  and  by  the  aggregation 
of  individuals  assuming  the  aspect  of  a  coral  reef." 

"The  complicated  systems  of  tubuli  in  the  the  Laurentian  fos- 
sil indicate  however  a  more  complex  structure  than  that  of  any 
of  the  forms  mentioned  above.  I  have  carefully  compared  these 
with  the  similar  structures  in  the  *  supplementary  skeleton'  (or 
the  shell-substance  that  carries  the  vascular  system)  of  Caharina 
and  other  forms,  and  can  detect  no  difference  except  in  the 
somewhat  coarser  texture  of  the  tubuli  in  the  Laurentian  speci- 
mens. It  accords  well  with  the  great  dimensions  of  these,  that 
they  should  thus  thicken  their  walls  with  an  extensive  deposit 
of  tubulated  calcareous  matter;  and  from  the  frequency  of  the 
bundles  of  tubuli,  as  well  as  from  the  thickness  of  the  partitions, 
I  have  no  doubt  that  all  the  successive  walls,  as  they  were  form- 
ed, were  thickened  in  this  manner,  just  as  in  so  many  of  the 
higher  genera  of  more  modern  Foraminifera," 

Dr.  Dawson  further  ascertained  that  certain  parts  of  the  fossil 

§  resent  that  irregular  mode  of  growth  which  Dr.  Carpenter  has 
esignated  as  acervuline,  and  moreover  that  considerable  masses 
of  Laurentian  limestones  are  made  up  of  fragments  of  the  fos- 
sils. He  further  points  out  the  presence  in  these  limestones  of 
other  fragments,  which  are  probably  organic,  and  which  may  in- 
dicate the  existence  of  other  animal  remains.  Films  of  carbon- 
aceous matter  in  some  of  these  limestones  also  exhibit  under  the 
microscope  forms  which  indicate  that  they  may  be  the  remains 
of  plants.  He  further  adds,  that  "  although  the  abundance  and 
wide  distribution  of  Eozoon^  and  the  important  part  it  seems  to 
have  acted  in  the  accumulation  of  limestone,  indicate  that  it  was 
one  of  the  most  prevalent  forms  of  animal  existence  in  the  seas 
of  the  Laurentian  period,  the  non-existence  of  other  organic  be- 
ings is  not  implied.  On  the  contrary,  independently  of  the  in- 
dications afforded  by  the  limestones  themselves,  it  is  evident  that 
in  order  to  the  existence  and  growth  of  these  large  Rhizopods, 
the  waters  must  have  swarmed  with  more  minute  animal  or  veg- 
etable organisms  on  which  they  could  subsist  On  the  other 
hand,  though  this  is  a  less  certain  inference,  the  dense  calcare- 
ous skeleton  of  Eozo'dn  may  indicate  that  it  also  was  liable  to  the 
attacks  of  animal  enemies.  It  is  also  possible  that  the  growth 
of  Eozodn,  or  the  deposition  of  the  serpentine  and  pyroxene  in 
which  its  remains  have  been  preserved,  or  both,  may  have  been 
connected  with  certain  oceamc  depths  and  conditions,  and  that 
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we  have  as  yet  revealed  to  us  the  life  of  only  certain  stations  in 
the  Laurentian  seas." 

Subsequent  to  the  above  examination  and  description  by  Dr. 
Dawson,  specimens  of  the  new  fossil  from  Grenville,  and  also 
more  perfect  ones  from  a  similar  and  newly  discovered  locality 
in  the  Petite  Nation  Seigniory  were  taken  to  London  by  Sir  Wil- 
liam Logan  and  submitted  to  Dr.  Carpenter,  who  fully  confirmed 
the  above  results,  and  made  out  some  additional  structure.  More 
especially  he  observed  in  specimens  from  the  new  locality,  the 

E reservation  of  the  fine  tubulation  of  the  original  cell- wall,  which 
ad  not  before  been  clearly  made  out.    The  additional  points 
are  thus  stated  by  Dr.  Carpenter : 

"  Although  Dr.  Dawson  has  noticed  that  some  parts  of  the 
sections  which  he  examined  present  the  fine  tubulation  charac* 
teristic  of  the  shells  of  the  Nummuline  Foraminifera,  he  does 
not  seem  to  have  recognized  the  fact,  which  the  sections  placed 
in  my  hands  have  enabled  me  most  satisfactorily  to  determine, — 
that  the  proper  walls  of  the  chambers  everywhere  present  the 
fine  tubulation  of  the  Nummuline  shell  (plate,  figs.  8,  6) ;  a  point 
of  the  highest  importance  in  the  determination  of  the  affinities 
of  Eozom,  This  tubulation,  although  not  seen  with  the  clear- 
ness with  which  it  is  to  be  discerned  in  recent  examples  of  the 
N  ummuline  type,  is  here  far  better  displayed  than  it  is  in  the 
majority  of  fossil  Nummulites,  in  which  the  tubuli  have  been 
filled  up  by  the  infiltration  of  calcareous  matter,  rendering  the 
shell-substance  nearly  homogeneous.  In  Eozoon  these  tubuli  have 
been  filled  up  by  the  infiltration  of  a  mineral  diflferent  from  that 
of  which  the  shell  is  composed,  and  therefore  not  coalescing  with 
it;  and  the  tubular  structure  is  consequently  much  more  satis- 
factorily distinguishable.  In  decalcified  specimens,  the  free  mar- 
gins of  the  casts  of  the  chambers  are  often  seen  to  be  bordered 
with  a  delicate  white  glistening  fringe ;  and  when  this  fringe  is 
examined  with  a  sufficient  magnifying  power,  it  is  seen  to  be 
made  up  of  a  multitude  of  extremely  aelicate  aciculx^  standing 
side  by  side  like  the  fibres  of  asbestos.  These,  it  is  obvious,  are 
the  internal  casts  of  the  fine  tubuli  which  perforated  the  proper 
wall  of  the  chambers,  passing  directly  from  its  inner  to  its  outer 
surface ;  and  their  presence  in  this  situation  affi:>rds  the  most  sat- 
isfactory confirmation  of  the  evidence  of  that  tubulation  afford- 
ed by  thin  sections  of  the  shell- wall." 

"The  successive  layers,  each  having  its  own  proper  wall,  are 
often  superposed  one  upon  another  without  the  intervention  of 
any  supplemental  or  intermediate  skeleton  such  as  presents  itself 
in  all  the  more  massive  forms  of  the  Nummuline  series;  but  a 
deposit  of  this  form  of  shell-substance,  readily  distinguishable  by 
its  homogeneousness  from  the  finely  tubular  shell  immediately 
investing  the  segments  of  the  sarcode-body,  is  the  source  of  the 
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great  thickening  which  the  calcareous  zones  often  present  in  ve^ 
tical  sections  of  Eozoon,  The  presence  of  this  intermediate  skel- 
eton has  been  correctly  indicated  by  Dr.  Dawson ;  but  he  does 
not  seem  to  have  clearly  differentiated  it  from  the  proper  wall  of 
the  chambers.  All  the  tubuli  which  he  has  descrioed  belong  to 
that  canal-system  which,  as  I  have  shown,  is  limited  in  its  dis- 
tribution to  the  intermediate  skeleton,  and  is  expressly  destined 
to  supply  a  channel  for  its  nutrition  and  augmentation.  Of  this 
canal-system,  which  presents  most  remarkable  varieties  in  dimen- 
sions and  distribution,  we  learn  more  from  the  casts  presented  bj 
decalcified  specimens,  than  from  sections,  which  only  exhibit 
such  parts  of  it  as  their  plane  may  happen  to  traverse. 

"  It  does  not  appear  to  me  that  the  *  canal-system'  takes  its  ori- 

f'n  directly  from  the  cavity  of  the  chambers.  On  the  contrary, 
believe  that,  as  in  Galcarina  (which  Dr.  Dawson  has  correctly 
referred  to  as  presenting  the  nearest  parallel  to  it  among  recent 
Foraminifera)^  they  originate  in  lacunar  spaces  on  the  outside  of 
the  proper  walls  of  the  chambers,  into  which  the  tubuli  of  those 
walls  open  externally ;  and  that  the  extensions  of  the  sarcode- 
body  which  occupied  them  were  formed  by  the  coalescence  of 
the  pseudopodia  issuing  from  those  tubuli." 

We  have  here  a  dia- 
gram   by  Dr.   Carpen- 
ter w  hich  he  has  given  in 
his  paper  in  the  Quarter-  ^ 
ly  Geological  Journal; 
and  from  his  subsequent  B 
memoir  in  the  Intellect- 
ual Observer  extract  the 
following  remarks:     It 
will  be  understood  that 
not  only  the  chamber, 
but  the  canals  and  mi- 
nute tubuli  in  the  fossil  b 
are   injected   with   ser- 
pentine,   which,    when  B 
the  calcareous  skeleton 

is   removed    by  an  acid,      ^    ^,.^^^^  iUu^rating  the  ^ructnre  of  Eozoon. 

remains,  and   Dr.  Car- 

npntPrpqnpoiftllv  notices  ^''  ^*'  ^  '  '^^^^  chambers  of  one  Uyer,  comnm- 

penter  especially  nonces      ^j^^jn^  ^jth  g^ch  other  directly  at  a,  aod  by 

the    marvel  lOUS    com-        three  passaprea  through  a  shelly  partition  at  6. 
pleteness     with     which   A",  A^,  A*.  Three  chambers  of  a  more  superfidal 

the  minutest  extensions  _  ^^y?;'-  n   r  *u     u    u«  a^ 

«    ,                  J    i_    J         n  B,  B,  B.  Proper  wall  of  the  chambers,  compoeed  of 
of  the   sarCOde-body   Ot       fi„eiy  ^^^^x^  shellsubstance. 
the    animal    are    repre-  C,  C,  C.   Intermediate  or  supplemental  skeleton, 
Sented      in      decalcified       traversed  by  D,  a  stolon  of  commuDicatloo  be- 
1    .  .V  ^ ^  „ tween  two  chambers  of  different  layers,  and  or 

specimens  by  these  ser-  ^^  ^  ^  ^^  ^^^^^  originatmg  in  thV»  lacnni 
pentine  models ;    even     space  F. 
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the  most  delicate  pseudopodial  threads,  consisting  of  the  softest 
and  most  transitory  form  of  living  substance  which  were  put 
forth  through  pores  in  the  shell-wall  less  than  one  ten-thousandth 
of  an  inch  in  diameter,  being  thus  perpetuated  to  all  time." 
"The  proper  walls  of  the  chambers  are  everywhere  formed  of  a 
pellucid  vitreous  shell-substance  minutely  perforated  with  tubuli, 
80  as  exactly  to  correspond  with  those  of  NummuliieSj  Opercidina, 
etc/'  The  serpentine  casts  of  these  tubuli  are  frequently  de- 
tached by  the  disengagement  of  the  gas  while  the  skeleton  is 
being  removed  by  an  acid,  but  they  often  remain  behind,  stand- 
ing side  by  side  like  the  filaments  which  form  the  pile  of  velvet, 
their  lower  ends  resting  on  the  subjacent  segment,  while  their 
upper  extremities  present  a  uniform  surface.  These  casts  of 
tubuli  are  distinguished  from  the  adjacent  serpentine,  which  is 
pale-green  by  their  whiieness,  yet  the  two  are  found  by  Dr.  Hunt 
to  be  identical  in  composition,  and  thus,  as  he,  and  Dr.  Carpenter 
after  him,  remarks,  their  whiteness  is  due  to  their  fine  division- 
many  groups  and  bunches  of  this  white  substance  being  found 
by  Dr.  Carpenter  to  be  aggregations  of  the  elementarv  forms  of 
sarcodic  prolongation,  which  he  has  described  in  detail. 

With  regard  to  the  intermediate  or  supplemental  skeleton, 
which  resembles  closely  that  existing  in  Cakarina  as  described 
by  Dr.  Carpenter  in  his  admirable  Introduction  to  the  Study  of 
the  Foraminifera,  it  is  an  exogenous  deposit  on  the  outer  surface 
of  the  proper  walls  of  the  chamber,  where  it  seems  to  be  produced 
by  the  sarcodic  layer  which  is  formed  by  the  coalescence  of  the 
pseudopodia  after  they  have  issued  from  the  tubuli,  and  is  trav- 
ersed by  a  more  or  less  minutely  distributed  canal-system,  occu- 
pied during  life  by  prolongations  of  that  sarcodic  layer.  In 
those  portions  of  the  fossil  where  the  chambers,  instead  of  be- 
ing regularly  arranged  in  floors,  are  piled  up  in  the  acervuline 
manner,  there  is  little  or  no  trace  of  this  intermediate  skeleton, 
but  in  these  irregularly  aggregated  chambers  the  structure  of 
their  proper  walls  is  still  well  seen,  both  in  transparent  sections 
and  in  decalcified  specimens. 

In  the  solid  masses  of  limestone  which  are  made  up  of  frag- 
ments of  Eozoon,  Dr.  Carpenter  could  find  no  trace  of  the  inter- 
mediate skeleton,  though  these  specimens  afford  the  most  perfect 
examples  of  the  Nummuline  tubulation.  He  hence  concludes 
that  '*  the  breaking  up  of  the  surface  of  the  original  Eozoon 
most  have  taken  place  before  the  proper  walls  of  its  highest 
tiers  of  chambers  had  been  strengthened  by  exogenous  deposit." 

Space  will  not  permit  us  to  follow  Dr.  Carpenter  in  his  com- 
parison of  Eozoon  with  other  Foraminifera.  He  remarks,  how- 
ever, the  resemblance  in  its  mode  of  growth  with  the  discoidal 
modem  Oydodypsus  from  the  coast  of  Borneo,  which  attains  a 
diameter  of  more  than  two  inches  and  is  made  up  of  many 
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thousand  segments,  wbile  in  Globigerina  the  continuous  increase 
of  the  individual  body  by  segments  soon  ceases  and  new  indi- 
viduals are  formed  by  the  separation  of  the  segments. 

Eeverting  to  Dr.  Dawson's  remark  as  to  the  important  part 
played  by  the  Eozodn  in  the  Laurentian  seas,  Dr.  Carpenter  ob- 
serves the  significance  of  the  fact  that  this  lowest  type  of  ani- 
mal life  known  to  the  phvsiologist  (the  Rhizop)od)  should  have 
attained  such  a  great  development  and  apparently  culminated  in 
the  very  earliest  known  period  in  the  history  of  the  life  of  our 
globe. 

The  serpentine  marbles  of  Tyree  and  of  Skye,  whose  probable 
Laurentian  age  had  been  pointed  out  by  Dr.  Hunt  in  the  paper 
already  cited,  offer,  according  to  Dr.  Carpenter,  "a  structure 
clearly  identical  with  that  of  the  Canadian  Eozodn."  A  like 
structure  has  been  discovered  by  Mr.  Sandford  in  the  serpentine 
marble  of  Connemara,  known  as  Irish  green  marble.  "1  have," 
says  Dr.  Carpenter,  "examined  decalcified  specimens  of  several 
portions  of  this  rock,  and  have  not  the  smallest  hesitation  in 
identifying  them  with  the  acervuline  portion  of  the  Eozobn  Can- 
adense^  although  I  have  met  with  nothing  corresponding  to  the 
lamellated  structure  of  other  portions  of  the  Eozodn.  More- 
over in  place  of  the  continuous  asbestiform  layer  covering  the 
segments,  long  straight  bundles  of  filaments  radiate  from  them." 
The  age  of  the  Connemara  rock  is  by  no  means  certain.  Sir 
Roderick  Murchison  was  at  first  disposed  to  regard  it  as  Lauren- 
tian, but  has  since  expressed  the  opinion  that  it  is  of  Silu- 
rian age. 

In  this  connection  we  call  the  attention  of  American  geolo- 

S'sts  and  microscopists  to  the  crystalline  limestones  of  the 
ighlands  of  New  York,  which  are  doubtless  of  Laurentian 
age,*  and  also  to  the  figure  and  description,  given  by  Dr.  Em- 
mons on  page  60  of  his  Geology  of  the  2nd  district  of  New 
York,  of  a  banded  arrangement  in  rounded  or  oval  masses  of 
serpentine  and  carbonate  of  lime,  much  resembling  in  external 
form  the  Eozodn  of  Canada.  The  specimen  figured  by  him  is 
from  Warrensburff,  Warren  County,  New  York. 

The  mode  in  which  the  Eozodn  has  been  preserved  by  the  in- 
jection of  serpentine  has  already  been  noticed,  but  is  further 
described  in  Dr.  Hunt's  paper,  from  which  we  make  the  follow- 
ing extracts : 

"  The  details  of  structure  have  been  preserved  by  the  intro- 
duction of  certain  mineral  silicates,  which  have  not  only  filled 
up  the  chambers,  cells,  and  canals  left  vacant  by  the  disappear- 
ance of  the  animal  matter,  but  have  in  very  many  cases  been 
injected  into  the  tubuli,  filling  even  their  smallest  ramifications. 
These  silicates  have  thus  taken  the  place  of  the  original  sarcode, 

*  See  this  Joaniftl,  [2],  zzzix,  97. 
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while  the  calcareous  septa  remain.  It  will  then  be  understood 
that  when  the  replacement  of  the  Eozoon  by  silicates  is  spoken 
of,  this  is  to  be  understood  of  the  soft  parts  only ;  since  the  cal- 
careous skeleton  is  preserved  in  most  cases  without  any  altera- 
tion. The  vacant  spaces  left  by  the  decay  of  the  sarcode  may 
be  supposed  to  have  been  filled  by  a  process  of  infiltration,  in 
which  the  silicates  were  deposited  from  solution  in  water,  like 
the  silica  which  fills  up  the  pores  of  wood  in  the  process  of  sili- 
cification.  The  replacing  silicates,  so  far  as  yet  observed,  are  a 
white  pyroxene,  a  pale-green  serpentine,  and  a  dark-green 
aluminomagnesian  mineral,  which  is  allied  in  composition  to 
chlorite  and  to  pyrosclerite,  and  which  I  have  referred  to  logan- 
ite.  The  calcareous  septa  in  the  last  case  are  found  to  be  dolo- 
mitic,  but  in  the  other  instances  are  nearly  pure  carbonate  of 
lime.  The  relations  of  the  carbonate  and  the  silicates  are  well 
seen  in  thin  sections  under  the  microscope,  especially  by  polar- 
ized light.  The  calcite,  dolomite,  and  pyroxene  exhibit  their 
crystalline  structure  to  the  unaided  eye;  and  the  serpentine  and 
loganite  are  also  seen  to  be  crystalline  when  examined  with  the 
microscope.  When  portions  of  the  fossil  are  submitted  to  the 
action  of  an  acid,  the  carbonate  of  lime  is  dissolved,  and  a  co- 
herent mass  of  serpentine  is  obtained,  which  is  a  perfect  cast  of 
the  soft  parts  of  the  Eozoon.  The  form  of  the  sarcode  which 
filled  the  chambers  and  cells  is  beautifully  shown,  as  well  as  the 
connecting  canals  and  the  groups  of  tubuli;  these  latter  are  seen 
in  great  perfection  upon  surfaces  from  which  the  carbona'te  of 
lime  has  been  partially  dissolved.  Their  preservation  is  gener- 
ally most  complete  when  the  replacing  mineral  is  serpentine, 
although  very  perfect  specimens  are  sometimes  found  in  pyrox- 
ene. The  crystallization  of  the  latter  mineral  appears,  however, 
in  most  cases  to  have  disturbed  the  calcareous  septa." 

"Serpentine  and  pyroxene  are  generally  associated  in  these 
specimens,  as  if  their  deposition  had  marked  different  stages  of 
a  continuous  process.  At  the  Calumet,  one  specimen  of  the 
fossil  exhibits  the  whole  of  the  sarcode  replaced  by  serpentine; 
while,  in  another  one  from  the  same  locality,  a  layer  of  pale 
green  translucent  serpentine  occurs  in  immediate  contact  with, 
the  white  pyroxene.  The  calcareous  septa  in  this  specimen  are 
very  thin,  and  are  transverse  to  the  plane  of  contact  of  the  two 
minerals ;  yet  they  are  seen  to  traverse  both  the  pyroxene  and 
the  serpentine  without  any  interruption  or  change.  Some  sec- 
tions exhibit  these  two  minerals  filling  adjacent  cells,  or  even 
portions  of  the  same  cell,  a  clear  line  of  division  being  visible 
Detween  them.  In  the  specimens  from  Grenville,  on  the  other 
hand,  it  would  seem  as  if  the  development  of  the  Eozoon  (con- 
siderable masses  of  which  were  replaced  by  pyroxene)  had  been 
interrupted,  and  that  a  second  growth  of  the  amimal,  which  was 

Am.  Jour*  Sci.— Skoond  Sbbib«,  Vol.  XL,  No.  120.— Nov.,  186&w 
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replaced  by  serpentine,  had  taken  place  upon  the  older  masses, 
filling  up  their  interstices." 

The  paper  of  Dr.  Hunt  contains  numerous  analyses  of  the 
various  minerals  noticed  above.  We  extract  his  account  of  tlie 
loganite,  which  replaces  the  Eozoon  from  Burgess.  The  cal- 
careous septa  in  these  specimens  are  represented  by  a  "some- 
wliat  ferriferous  dolomite,  the  analysis  of  which  was  made  upon 
portions  mechanically  separated  from  the  enclosed  silicate;  it 

J'ielded  carbonate  of  magnesia  40*7,  carbonate  of  lime,  with  a 
ittle  peroxyd  of  iron,  59*0=99*7.  The  septa  of  the  specimen 
from  this  locality  are  in  some  parts  more  than  3*0  millimeters  in 
thickness,  and  exhibit  the  chambers,  cells  and  septal  orifices; 
but  no  tubuli  are  seen.  The  replacing  material  has  the  hardness 
of  serpentine,  for  which  it  was  at  first  mistaken.  Its  color  is 
blackish-green,  but  olive-green  in  thin  sections,  when  it  is  seen 
by  transmitted  light  to  be  crystalline  in  texture.  Its  fracture  is 
granular,  and  its  lustre  feebly  shining.  It  is  decomposed  by 
heated  sulphuric  acid,  and  was  thus  analyzed,  yielding  the  re- 
sult I.  Tne  centesimal  composition  of  the  soluble  portion  is 
given  under  ii. 

I.  IL  III. 

Silica 83-75  3614  36-60 

Alumina 9*74  10-15  10-80 

Magnesia....; 30*24  31-47  28*20 

Protoxyd  of  iron 8*19  8-60  9*54 

•     Water 1408  14*64  14-62 

Insoluble  sand 2*50  .....  .  • . . 


08-51  100-00  99-66 

'*The  silicate  which  here  takes  the  place  of  the  pyroxene  and 
serpentine  observed  in  the  other  specimens  of  Eozoon  is  one  of 
frequent  occurrence  in  the  Laurentian  limestones,  and  appears 
to  constitute  a  distinct  species,  which  I  long  since  describea  un- 
der the  name  of  loganite,  and  which  occurs  at  the  Calumet  in 
dark  brown  prismatic  crystals.  I  have  since  observed  a  similar 
mineral  in  two  other  localities  besides  the  one  here  noticed.  The 
result  III,  which  is  placed  by  the  side  of  the  analysis  of  the  Bur- 
gess fossil,  was  obtained  with  a  greenish-grey  pparry  prismatic 
variety  from  North  Elmsley,  having  a  hardness  of  3*0,  and  a 
specific  gravity  of  2-539.  These  hydrous  alumino-magnesian 
silicates,  which  I  have  included  under  the  name  of  loganite,*  are 
related  to  chlorite  and  to  pyrosclerite  in  composition ;  but  these 
last  are  distinguished  from  it  by  their  eminently  foliated  mica- 
ceous structure." 

"  When  examined  under  the  microscope,  the  loganite  which 
replaces  the  Eozoon  of  Burgess,  shows  traces  of  cleavage-lines, 

*  For  a  deecriptioD  of  this  and  similar  silicates,  see  Qeologj  of  Canada,  p.  401. 
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which  indicate  a  crystalline  structure.  The  grains  of  insoluble 
matter  found  in  the  analysis,  chiefly  of  quartz  sand,  are  distinctly 
seen  as  foreign  bodies  imbedded  in  the  mass,  which  is  moreover 
marked  by  lines  apparently  due  to  cracks  formed  by  a  shrink- 
ing of  the  silicate,  and  subsequently  filled  by  a  further  infiltra- 
tion of  the  same  material.  This  arrangement  resembles  on  a 
minute  scale  that  of  septaria.  Similar  appearances  are  also  ob- 
served in  the  serpentine  which  replaces  the  Eozoon  of  Grenville, 
and  also  in  a  massive  serpentine  from  Burgess,  resembling  this, 
and  enclosing  fragments  of  the  fossil.  In  both  of  these'speci- 
mens  also  grains  of  mechanical  impurities  are  detected  by  the 
microscope;  they  are,  however,  rarer  than  in  the  loganite  of 
Burgess." 

"  From  the  above  facts  it  may  be  concluded  that  the  various 
silicates  which  now  constitute  pyroxene,  serpentine,  and  loganite 
were  directly  deposited  in  waters  in  the  midst  of  whicn  the 
Eozoon  was  still  growing,  or  had  only  recently  perished;  and 
that  these  silicates  penetrated,  enclosed,  and  preserved  the  cal- 
careous structure  precisely  as  carbonate  of  lime  might  have 
done.  The  association  of  the  silicates  with  the  Eozoon  is  only 
accidental;  and  large  quantities  of  them,  deposited  at  the  same 
time,  include  no  oi'ganic  remains.  Thus,  for  example,  there  are 
found  associated  with  the  Eozoon  limestones  of  Grenville,  mas- 
sive layers  and  concretions  of  pure  serpentine;  and  a  serpentine 
from  Burgess  has  already  been  mentioned  as  containing  only 
small  broken  fragments  of  the  fossil.  In  like  manner  large 
masses  of  white  pyroxene,  often  surrounded  by  serpentine,  both 
of  which  are  destitute  of  traces  of  organic  structure,  are  found 
in  the  limestone  at  the  Calumet  In  some  cases,  however,  the 
crystallization  of  the  pyroxene  has  given  rise  to  considerable 
cleavage-planes,  and  has  thus  obliterated  the  organic  structure 
from  masses  which,  judging  from  portions  visible  here  and  there, 
appear  to  have  been  at  one  time  penetrated  by  the  calcareous 
plates  of  Eozoon.  Small  irregular  veins  of  crystalline  calcite, 
and  of  serpentine,  are  found  to  traverse  such  pyroxene  masses 
in  the  Eozoon -limestone  of  Grenville." 

Veins  of  fibrous  serpentine  (chrysotile)  in  like  manner  inter- 
sect the  serpentine  of  this  region,  and  are  sometimes  found  cut- 
ting across  the  masses  of  Eozoon.  It  is  stated  in  a  note  to  this 
portion  of  the  paper  that,  "Kecent  examinations  have  shown 
that  some  of  these  masses  encrusted  with  Eozoon  replaced  by 
serpentine,  consist  of  crystalline  pyrallolite  (rensselaerite) ;  which 
seems,  like  the  other  silicates,  to  nave  replaced  the  organic  mat- 
ter of  the  Khizopod." 

**  These  observations  bring  the  formation  of  siliceous  minerals 
face  to  face  with  life,  and  show  that  their  generation  was  not  in- 
compatible with  the  contemporaneous  existence  and  the  preserv 
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ation  of  organic  forms.  They  confirm,  moreover,  the  view  which 
I  some  years  since  put  forward,  that  these  silicated  minerals 
have  been  formed,  not  by  subsequent  metamorphism  in  deeply 
buried  sediments,  but  by  reactions  going  on  at  the  earth's  sur- 
face.* In  support  of  this  view,  I  have  elsewhere  referred  to  the 
deposition  of  silicates  of  lime,  magnesia,  and  iron  from  nataral 
waters,  to  the  great  beds  of  sepiolite  in  the  unaltered  tertiary 
strata  of  Europe;  to  the  contemporaneous  formation  of  neolite 
(an  alumina-magnesian  silicate  related  to  loganite  and  chlorite 
in  composition) ;  and  to  glauconite,  which  occurs  not  only  in 
secondary,  tertiary,  and  recent  deposits,  but  also,  as  I  have 
shown,  in  Lower  Silurian  strata."  This  hydrous  silicate  of  pro^ 
toxyd  of  iron  and  potash,  which  sometimes  includes  a  consider- 
able proportion  of  alumina  in  its  composition,  has  been  ob- 
served by  Ehrenberg,  Mantell,  and  Bailey  associated  with  or- 
ganic forms  in  a  manner  which  seems  identical  with  that  in 
which  pyroxene,  serpentine,  and  loganite  occur  with  the  Eozoon 
in  the  Laurentian  limestones.  According  to  the  first  of  these 
observers,  the  grains  of  green-sand  or  glauconite  from  the  ter- 
tiary limestone  of  Alabama  are  casts  of  the  interior  of  Poly- 
thalamia ;  the  glauconite  having  filled  them  by  *  a  species  of  nat- 
ural injection,  which  is  often  so  perfect  that  not  only  the  large 
and  coarse  cells,  but  also  the  very  finest  canals  of  the  cell-walls, 
and  all  their  connecting  tubes,  are  thus  petrified  and  separately 
exhibited.^  Bailey  confirmed  these  observations,  and  extended 
them.  He  found  in  various  cretaceous  and  tertiary  limestones 
of  the  United  States,  casts,  in  glauconite,  not  only  of  Foramin- 
ifei'a^  but  of  spines  of  Echinus^  and  of  the  cavities  of  corals. 
Besides,  there  were  numerous  red,  green,  and  white  casts  of 
minute  anastomosing  tubuli,  which,  according  to  Bailey,  resem- 
ble the  casts  of  the  holes  made  by  burrowing  sponges  (Cb'ona) 
and  worms.  These  forms  are  seen  after  the  dissolving  of  the 
carbonate  of  lime  by  a  dilute  acid.  He  found  moreover,  simi- 
lar casts  of  Foramim/era,  of  minute  mollusks,  and  of  branching 
tubuli,  in  mud  obtained  from  soundings  in  the  Gulf-stream,  ana 
concluded  that  the  deposition  of  glauconite  is  still  going  on  in 
the  depths  of  the  sea.*  Pourtales  has  followed  up  these  investi- 
gations on  the  recent  formation  of  glauconite  in  the  Gulf-stream 
waters.  He  has  observed  its  deposition  also  in  the  cavities  of 
Millepores,  and  in  the  canals  in  the  shells  of  Balanus.  Accord- 
ing to  him,  the  glauconite  grains  formed  in  Foraminifsra  lose 
after  a  time  their  calcareous  envelopes,  and  finally  become 
^conglomerated  into  small  black  pebbles,'  sections  of  which  still 

*  This  Journal,  [2],  xziz,  281 ;  zndi,  286.    Geologr  of  Canada,  p.  577. 
"  This  Journal,  [21,  zxxiii,  277.    Geology  of  Caoiula,  p.  487. 

*  This  Jonma),  [2j,  zii,  28a 
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show  under  a  microscope  the  characteristic  spiral  arrangement 
of  the  cells.* 

"It  appears  probable  from  these  observations  that  glanconite 
is  formed  by  chemical  reactions  in  the  ooze  at  the  bottom  of  the 
sea,  where  dissolved  silica  comes  in  contact  with  iron-oxyd  ren- 
dered soluble  by  organic  matter;  the  resulting  silicate  deposits 
itself  in  cavities  of  shells  and  other  vacant  spaces.  A  process 
analogous  to  this  in  its  results,  has  filled  the  chambers  and  canals 
of  the  Laurentian  Foraminifera  with  other  silicates ;  from  the 
comparative  rarity  of  mechanical  impurities  in  these  silicates, 
however,  it  would  appear  that  they  were  deposited  in  clear 
water.  Alumina  and  oxyd  of  iron  enter  into  the  composition  of 
loganite  as  well  as  of  glauconite;  but  in  the  other  replacing 
minerals,  pyroxene  and  serpentine,  we  have  only  silicates  of 
lime  and  magnesia,  which  were  probably  formed  by  the  direct 
action  of  alkaline  silicates,  either  dissolved  in  surface-waters,  or 
in  those  of  submarine  springs,  upon  the  calcareous  and  mag* 
nesian  salts  of  the  sea  water. 

In  the  second  part  of  Df.  Hunt's  paper  on  Natural  Waters, 
published  in  this  Journal  for  July,  tnere  will  be  found  in  §  41 
some  observations  bearing  on  the  formation  of  the  silicates  of 
lime  and  magnesia.  The  chemical  and  mineralogical  relations 
of  the  Eozoon,  or  rather  of  its  replacing  silicates,  are  by  no 
means  the  least  important  points  in  the  history  of  this  remark- 
able fossil. 

Explanation  of  the  Plate  illustrating  the  Structure  and  Affinitiee  of 
Eozodn  Canadense. 

Of  the  figures  here  given,  1,  3,  6  a,  66,  and  7,  are  selected 
from  two  plates  given  by  Dr.  Carpenter  to  illustrate  his  paper; 
while  2,  4,  and  5,  are  from  the  plates  accompanying  Dr.  Daw- 
son's description,  and  are  from  drawings  by  Mr.  Horace  H. 
Smith,  the  artist  of  the  Canadian  Geological  Survey. 

The  figures,  with  the  exception  of  7,  are  from  transparent 
sections  of  specimens  in  which  the  original  shell  was  well  pre- 
served, and  its  minutest  cavities  infiltrated  with  serpentine. 
Figure  7  is  from  a  specimen  from  which  the  calcareous  skeleton 
was  removed  by  an  acid,  and  represents  the  internal  casts  of  the 
tubes,  as  seen  by  reflected  light 

Fig.  1.  Vertical  section  of  regularly  stratified  portion  of  Eozoon  show- 
ing the  ordinarily  continuous  connection  of  the  chambers  of 
each  stratum;  magnified  10  diameters. 
2.  Horizontal  section  of  Eozoon  from  Grenville,  magnified  25 

diameters ;  a,  systems  of  tubuli ;  6,  secondary  chamber. 
S.  Portions  of  two  chambers  of  different  layers,  showing  at  a,  a, 
the  proper  wells  of  their  chambers ;  at  6,  6,  the  iotermediate 

*  Report  of  IlDited  States  Coast  Sarvey,  1858,  p.  248. 
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skeleton ;  and  at  Cy  c^  a  itoloniferous  passage ;  magnified  ^ 
diameters. 
Fig.  4.  One  of  the  systems  of  tubuli  cut  transversely ;  magnified  100 
diameters. 

5.  Part  of  a  system  of  tubuli  cut  transversely ;  magnified  200 

diameters. 

6.  Portions  of  the  proper  wall  of  the  chambers,  showing  its 

Nummuline  tubulation,  as  seen  at  a  in  longitudinal,  and  at  b 
in  transverse  section  ;  magnified  100  diameters. 

7.  Cast  of  the  interior  of  canal-system ;  an  entire  group  magni- 

fied 10  diameters. 


Aet.  XXXYIL— Notices  of  Earthquakes, 

I.  Notices  of  the  Earthquake  of  August  \*lthy  in  the  Mississippi  Valley; 
received  from  !)&,  A.  Wislizbnus,  of  Su  Louis. 

1.  Note  by  Dr.  Wislizenus. — In  th«  city  of  St.  Louis  the  motion 
was  felt  by  many  persons  in  two  distinct  shocks,  but  lasting,  in 
my  estimate,  not  longer  than  about  twenty  seconds.  Some  ob- 
served its  direction  as  going  from  north  to  south. 

2.  Notice  from  the  Missouri  liepublican^  of  St,  Iiouis^  Aug,  18, 
1865. — The  shock  of  an  earthquake  was  sensibly  felt  in  this  city 
yesterday  morning  at  25  minutes  to  9  o'clock.  The  motion  was 
an  oscillating  one,  the  earth  seeming  to  swing  gently,  like  the 
pendulum  of  a  clock.  It  lasted  nearly  a  minute  and  a  half — the 
intermediate  motions  being  slighter  than  was  perceived  at  the 
beginning  and  end  of  the  shock.  During  its  duration,  chamber 
furniture,  gas  fixtures,  etc.,  could  be  seen  to  rock,  and  a  cracking 
sound  proceeded  from  the  walls  of  the  houses,  as  if  their  steadi- 
ness was  seriously  disturbed. 

Cairoy  lll.^  Aug.  17. — A.  severe  shock  of  an  earthquake  was 
felt  here  at  8*>  45">  this  morning,  causing  people  to  rush  out  of 
their  houses  in  the  greatest  consternation. 

JacksoTif  Mississippi,  Aug.  17. — The  effect  of  the  earthquake 
was  seriously  felt  about  9  o'clock  this  morning  at  Memphis, 
Lagrange,  Holly  Springs,  Oxford,  and  Grenada.  At  Memphis 
the  shock  was  severe  enough  to  cause  people  to  run  out  of 
houses. 

8.  Extracts  from  a  letter  to  Dr.  A.  Wislizenus  by  Mr.  JoHy  T. 
Scott,  Attorney  at  Law  at  New  Madrid,  Mo.,  dated  Sept.  6, 
1865. — On  the  morning  of  the  17th  of  August,  about  half-past 
8  o'clock,  I  was  going  to  my  office,  and  having  to  proceed 
through  a  park,  and  being  about  the  middle  of  it,  and  in  the 
best  possible  position  for  hearing  and  observation,  I  heard,  as  I 
thought  for  the  moment^  heavy  rolling  thunder.    This  astonished 
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me,  for  it  was  almost  entirely  clear,  no  clouds  whatever  visibla 
that  in  the  least  indicated  thunder,  rain,  or  change  of  weather. 
I  was  at  this  time  going  in  a  southeasterly  direction,  and  the 
thunder,  as  for  the  moment  I  had  taken  it  to  be,  seemed  to  be 
exactly  in  the  opposite  direction  from  that  in  which  I  was  then 
going.  Astounded  as  I  was,  I  stopped,  and,  turning  to  ascertain 
from  whence  this  noise  proceeded,  the  earth  began  to  vibrate  to 
and  fro  from  northwest  to  southeast,  and  continued  for  several 
times,  the  first  vibration  being  the  greatest  (apparently  not  less 
than  three  or  four  inches),  and  gradually  diminishing.  Od 
turning  fully  around,  the  noise  which  I  had  taken  for  thunder, 
but  which,  in  fact,  was  the  noise  accompanying  the  earthquake, 
seemed  to  be  about  in  a  northwesterly  direction  from  here;  and 
had  it  been  thunder,  I  should  have  thought  it  not  over  twelve  or 
fifteen  miles  distant.  It  seemed  to  roll  or  pass  oflf  in  a  north- 
easterly direction,  or  at  right  angles  to  the  vibrations  of  the 
earth.    The  noise  and  vibrations  lasted  about  a  minute. 

In  the  town,  the  druggists'  jars,  bottles,  &c.,  were  all  rocked 
to  the  very  edge  of  the  shelves,  and  some  of  them  off.  Chim- 
neys were  considerably  damaged  ;  dishes,  cups,  saucers,  glasses, 
&c.  suffered  much.  The  cattle  and  dogs  all  ran  in  confusion 
and  seemed  much  alarmed,  and  utterly  at  a  loss  to  know  where 
or  in  what  direction  to  go. 

I  was  talking  to  a  ferryman  here  a  few  days  since  about  the 
earthquake,  and  he  told  me  that  he  was  at  the  time  crossing  the 
Mississippi  river  in  a  skiff,  and  that  the  water  rolled  as  if  a 
steamboat  had  just  passed.  He  said  he  was  much  frightened 
until  he  heard  the  noise  and  thought  what  it  was.  The  fact  is, 
however — and  such  was  the  case  at  the  time  referred  to— that 
the  noise  generally  precedes  the  shaking  or  vibration  from  one 
to  three  seconds,    in  this  case  I  think  it  was  about  two  seconds. 

I  would  mention  one  fact,  notorious  here,  that  the  earthquakes 
are  much  more  severe  in  the  swamp  or  low  and  inundated  lands, 
than  in  the  high  and  dry  lands.  Hence  it  is  that  those  living 
west  of  here,  in  what  is  called  Little  Kiver  Swamps,  and  follow 
hunting  for  an  occupation,  often  experience  earthquakes  when  we 
feel  none  at  all.  The  earthquake  of  the  17th,  of  which  I  am 
speaking,  was  much  more  severe  there  than  here  or  in  high  and 
dry  lands. 

Another  remarkable  fact  about  the  earthquakes  here,  is,  that 
while  sometimes  the  earth  quakes  or  trembles,  as  it  were,  at 
other  times  it  seems  to  roll  in  waves,  like  the  ocean,  and  at  oth- 
ers, as  in  the  one  I  am  more  particularly  speaking  of  at  present^ 
it  vibrates,  apparently,  in  a  horizontal  direction.  They  most 
generally  come  from  the  west  or  northwest,  sometimes  from  the 
southwest.  The  character  of  the  noise,  or  roaring,  as  it  is  gen- 
erally called,  is  also  variable. 
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May  I  not  now  suggest  a  plan  by  which  valuable  information, 
relative  to  the  time,  center,  and  urogressive  movement  of  these 
convulsions,  might  be  obtained  r  Suppose  there  should  be  a 
correspondent  at  the  county  seat  of  every  county  in  the  vicinity 
of  the  region  of  earthquakes,  whose  duty  it  should  be  to  note 
all  the  facts  of  each  convulsion,  its  direction,  its  duration,  &c, 
and  forward  the  same  to  some  scientific  gentleman  for  compari- 
son and  analysis.  Could  not  something  be  obtained  by  this 
means  ? 

I  am  told  that  the  most  graphic  description  of  the  earthquakes 
of  1811  and  1812  is  to  be  found  in  the  works  of  Lorenzo  Dow. 
This  description  is  from  the  pen,  and  in  a  letter  of  Mrs.  Eliza- 
beth Bryan  to  that  reverend  gentleman,  Mr.  Dow.  The  old 
lady  was  residing  here  at  the  time,  and  is  still  here,  in  her  88th 
year.    Perhaps  you  might  glean  something  from  that  letter. 

I  would  further  remark  that  I  did  not  conclude  the  above  last 
evening,  and  just  as  I  was  writing  the  line  above  my  signature,  at 
a  quarter  past  8  o'clock  this  morning,  the  7th,  we  had  another 
shock,  shaking  houses,  &;c.  considerably.  It  was  not  accompanied 
with  much  noise — came  from  a  westerly  direction,  and  lasted 
about  half  a  minute. 

11.  Notices^  received  from  Dr.  C.  F.  Winslow,  of  Boston. 

1.  Letter  to  Dr.  Winshw^  from  Mr.  G.  Pendleton,  dated  Eoch- 
ester,  Sept.  10,  1865. — In  accordance  with  my  promise  I  here- 
with send  you  the  facts  about  the  earthquakes  I  have  experi- 
enced during  my  voyages  in  the  Pacific  ocean. 

(1.)  Earthquake  off  Kamtschatka  in  1845. — The  first  case  was 
as  follows : — On  board  the  ship  Charles  Phelps,  at  sea,  Septem- 
ber 22nd,  1845,  Cape  Kamtschatka  bearing  N.  W.,  distance  15  to 
20  miles;  the  weather  clear,  wind  light  and  baffling  from  the 
westward.  At  about  8  A.  M.  we  felt  a  heavy  shock  of  an  earth- 
quake, causing  the  ship  to  tremble  about  as  she  would  if  going 
in  stays  in  a  strong  wind ;  and  the  noise  on  board  was  much  like 
the  rolling  of  a  heavy  cask  fore  and  aft  the  deck.  It  lasted 
about  15  to  20  seconds,  and  then  passed  off,  and  left  all  quiet 

(2.)  Earthquake  at  Quam^  one  of  the  Ladrones^  in  1849. — The 
next  earthquake  I  find  noticed  as  follows,  in  my  journal : — 
Ship  Mary  &  Susan,  of  Stonington,  at  Ulmata  Bay,  Island  of 
Guam,  January  24th,  1849.  At  2-30  P.  M.  experienced  the  shock 
of  an  earthquake  which  was  far  beyond  anything  I  have  ever 
known  before.  It  lasted  for  about  one  minute,  and  was  followed 
by  seven  other  shocks  during  the  night,  the  last  being  at  day- 
light of  the  25th.  The  last  seven  shocks  were  much  lighter 
than  the  first  At  the  time  of  the  first  shock,  and  during  the 
night,  the  atmosphere  was  a  little  hazy,  and  had  a  very  strong 
sulphurous  smell.    The  earliest  intimation  we  had  of  the  fiiHt 


Digitized  by  VjOOQ IC 


Notices  of  Earthquakes.  365 

great  shock  was  an  exceedingly  great  agitation  of  the  water  and 
the  land.  The  convulsion  on  the  land  was  so  great  that  all  of 
the  brick  and  stone  buildings  on  the  Island  were  more  or  less 
injured,  and  some  were  reduced  to  a  mass  of  ruins ;  and  a  man 
could  not  keep  on  his  feet  without  holding  on  to  something.  I 
had  a  boat  on  shore  at  the  time,  and  the  inflood  of  the  water 
was  so  great  that  it  took  her  into  the  tops  of  the  trees  near  the 
ocean,  and  swept  water  casks  and  such  things  a  fourth  of  a  mile 
or  more  into  the  country.  And  when  the  water  receded,  it  left 
them  with  hundreds  oi  fish  high  and  dry,  and  the  land  at  the 
watering  place  sank  about  twelve  feet  When  the  water  receded 
it  took  my  ship  back  with  such  force  that  it  parted  my  chain 
and  I  lost  an  anchor;  she  had  run  over  it  when  the  water  flowed 
in  and  then  went  back  with  great  force. 

I  would  say  that  at  the  time  of  the  first  shock,  and  through 
the  night,  the  wind  was  very  light  from  the  northeast.  Several 
ships  lying  at  Apra  (the  capitol  of  the  Island)  lost  anchors  by 
being  covered  up  at  the  bottom  of  the  harbor,  and  they  had  to 
part  or  cut  their  chains.  I  think  there  were  six  lost.  The  mo- 
tion of  the  water  on  the  Island  was  east  and  west. 

2.  Notesfrom  the  Journal  of  Dr.  C.F.  Winslow. — {I,)  Earthquake 
at  Lima,  March,  1865. — T.  J.  Pope,  Esq.,  Secretary  of  Legation 
to  the  Embassy  of  Peru  at  Lima,  informs  me  that  on  the  1st  of 
March  1865,  at  6^  A.  M.,  he  was  then  on  board  the  U.  S.  Ship 
Lancastre  (acting  as  secretary  to  the  Admiral),  and  his  attention 
was  called  by  the  orderly  to  the  strange  agitation  of  the  water 
in  the  bay.  He  states  that  the  surface  of  tne  bay  for  a  long  dis- 
tance around  the  ship  was  in  a  state  of  agitation  and  ferment, 
and  that  the  water  with  wind  was  thrown  up  in  jets  from  12  to 
15  inches.  The  odor  of  the  sulphuretted  or  carbaretted  hydro- 
gen was  horrid,  and  the  white  paint  of  the  ship  was  blackened. 
This  occurred  about  the  time  (just  before,  in  February,)  when  a 
great  wave  suddenly  rushed  into  Callao  bay  and  swept  the  bath- 
ing house  away,  and  several  persons  drowned.  There  were 
several  shocks  of  earthquakes  about  this  time.  But  Mr.  Pope 
felt  no  shock  on  the  1st  of  March,  at  the  time  of  the  phenome- 
non he  speaks  of 

Lima,  April  20, 1 865. 

(2.)  Earthquake  off  Paita,  May,  1865. — At  \  past  1  p.  M.,  a 
strong  earthquake  was  felt  here  which  agitated  the  people  very 
much.  It  lasted  20  seconds.  This  is  experienced  by  me  and  is 
the  strongest  I  have  felt  in  Paita.     Movement  great  from  N.E. 

Paita,  May  16,  1865. 

(8.)  Earthquake  at  Amotapa  in  Aug.  1858. — In  1858,  August 
28,  at  6'6  A.  M.,  I  felt  a  very  severe  earthquake  at  Amotapa. 
Made  a  crack  in  the  river  Chira,  so  that  sulphurous  fumes  and 
Am.  Joub.  Scl— Second  Sebibs,  Vol.  XL,  No.  120.— Nov.,  1865. 
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petroleum  came  to  the  surface.  This  was  felt  very  far  into  the 
interior  and  was  supposed  to  originate  in  the  neighborhood  of 
Longai.  Mr.  Wooahouse  and  Mr.  Dewal  both  tell  me  of  this 
earthquake,  being  then  residents  of  this  place  or  Paita.  The 
earth  trembled  slightly  very  often  for  the  next  24  hours. 

Amotapa.May  27,  1866. 

(4.)  List  of  Fartfiquakes,  copied  at  Limaj  from  books  given  me 
by  Mr.  Wm.  Sterling^  of  Amotapa^  May  28,  1865*. — Earthquake  in 
Lima,  1860,  Apr.  21,  1*35  A.  M.;  pretty  strong.  At  12  o'clock, 
midnight,  of  2l8t,  a  slight  shock.  22nd,  1'40  P.  M.,  a  very  heavy 
shock  ;  walls  thrown  down  and  others  cracked;  some  churches 
injured. — 23d,  1  A.  M.,  a  light  shock ;  at  6*40  A.  M.  same  day, 
another  very  severe  shock ;  at  11*30  A.  M.  same  day,  another 
severe  shock  accompanied  with  a  loud  rumbling  noise;  5*45 
P.  M.,  another  light  shock. — 28d,  at  12,  midnight,  and  on  24th  at 
12  30  A.M.,  ana  at  2  a.m.,  light  shocks. — 26th,  6  A.  M.,  aloud 
rumbling  with  slight  shaking.  May  1st,  7  A.  M.,  shock  pretty 
hard.     20th,  at  11  30  A.  M.,  shock  pretty  hard. 

(5.)  Letter  oj  June  S^from  Bon,  C.  Robinson^  U.  S.  Minister  to 
Peru, — In  1865,  on  May  29,  at  7*16  A.  M.,  an  earthquake  was  felt 
at  Lima  which  was  very  violent  and  lasted  56  seconds.  It  was 
very  alarming,  but  did  no  serious  damage.  The  air  was  damp 
and  heavy  and  misty.    Temp.  64°  Fah.     Cool  for  Lima. 

III.  Miscellaneous  Notices, 

(1.)  Earthquake  in  California. — At  12^  45"  October  8th,  an 
earthquake  of  great  violence  occurred  at  San  Francisco.  Chim* 
neys  were  tumbled  down,  the  walls  of  many  buildings  badly 
cracked,  bells  of  steeples  made  to  ring,  and  fissures  two  or  three 
inches  wide  were  opened  in  the  lower  part  of  the  city.  There 
were  two  violent  shocks  within  half  a  minute.  The  accounts 
from  Sacramento,  Stockton  and  San  Jos^  represent  the  earth- 
quake as  the  severest  ever  felt  in  those  cities.  It  was  not  per- 
ceived at  Marysville  or  Placerville ;  but  Santa  Cruz  was  severely 
shaken  and  some  buildings  much  damaged 

The  tide  at  San  Francisco  rose  very  high  at  the  time  of  the 
shock  and  fell  very  low  immediatelv  afterward.  Ten  or  eleven 
distinct  shocks  were  felt  aft/Cr  thenrst  shaking,  up  to  6  A.  H.  of 
the  9th. 

(2.)  Earthquake  at  Buffalo. — The  announcement  of  an  earth- 
quake at  Buffalo  in  the  last  volume  of  this  Journal  (xxxix,  872), 
taken  from  a  Buffalo  paper,  is  an  error. 

>  InTacDa»Sept,  19, 18^. 
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Art.  XXXYIIL — On  Meidbrushtie,  Zeugite,  Omitkite  and  other 
minerals  of  the  Key  of  Sombrero,  W.  L;^  by  Alexis  A. 
JuLiEN,  Assistant  in  School  of  Mines,  Columbia  CoUegp. 

SoMBKERO,  a  remnant  of  a  coral  Island,  lying  in  lat.  18°  36'  N. 
and  long.  63°  27'  W.,  varies  in  height  from  fifteen  to  forty  feet, 
and  comprises  an  area  of  about  ninety-five  acres.  The  quality 
and  continued  yield  of  the  deposit  of  rock  guano,  which  is  dis- 
seminated in  veins  through  the  beds  of  limestone,  have  rendered 
its  name  familiar.  During  a  residence  of  between  three  and  four 
years  (1860-1864),  the  following  minerals  have  been  observed 
by  me,  an  unusual  number  for  a  formation  of  so  recent  geological 
origin  and  limited  extent. 

Calcite,  and  its  phosphatic  pseudomorphs. 

Common  salt,  in  cubes  and  m  curved  crystals. 

Brushile,  in  massive  specimens. 

Metabnishiie,  and  its  pseudomorph,  zeugite. 

Ornilhttey  and  its  pseudomorphs. 

1.  Calcile, — This  mineral,  in  its  variety  of  massive,  lamina- 
ted, and  stalactitic  forms,  is  very  abundantly  dispersed  through- 
out the  fissures  of  the  limestone,  and  small  crystals  though  less 
common  are  not  rare.  All  these  display  the  ordinary  character- 
istics of  the  mineral  and  possess  no  features  worthy  of  notice. 

However,  a  remarkable  pseudomorphous  process,  consisting 
in  the  substitution  of  phosphoric  for  carbonic  acid  in  the  calcare- 
ous material  of  the  Key,  has  taken  place  on  a  very  extensive 
scale  at  various  periods  in  its  geological  history.  This  has  been 
effected  by  solutions  of  certain  salts,  from  the  superficial  guano 
deposit,  brought  down  by  the  rains  into  the  joints  of  the  lime- 
stone, and  has  given  rise  to  various  white,  yellowish,  and  brown- 
ish materials.  These  are  especiallv  rich  in  the  bone-phosphate 
of  lime  (3CaO,  PO^),  containing  about  85  per  cent  of  that  salt, 
also  about  6  per  cent  each  of  phosphate  of  magnesia  and  carbon- 
ate of  lime,  with  small  percentages  or  traces  of  organic  matter, 
sulphate  of  lime,  oxyd  of  iron,  alumina,  and  their  phosphates,  and 
fluorine.  The  masses  of  calcite  in  the  vicinity  of  the  guano- 
veins  have  participated  in  the  same  changes  and  thus  interest- 
ing pseudomorphs  have  been  produced,  not  only  of  the  massive 
and  stalactitic  forms  but  of  the  crystals.  Of  the  latter  three 
varieties  may  be  mentioned : 

(1.)  Those  which  consist  simply  of  an  ordinary  crystal  of  cal- 
cite, overlaid  with  a  brownish  film  of  the  phosphatic  material. 

*  I  take  this  opportunity  to  acknowledge  my  indebtedness  to  Prof.  C.  F.  Chandler 
of  the  School  of  Minea,  Columbia  College,  for  the  use  of  his  private  laboratory,  (in 
which  nearly  the  whole  of  this  investigation  has  been  made),  and  for  his  general 
assistance  and  advice ;  to  Profs.  O.  N.  Rood  and  C.  A.  Joy  of  the  School  of  Mines, 
for  the  use  of  instruments  and  books;  and  to  Prof.  J.  D.  Dana  of  New  Haven,  for 
his  crystallographic  ezaminatioos. — a,  a.  j.     ^ 
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(2.)  Hollow  crusts,  formed  by  the  removal  from  the  former  of 
their  cores  of  carbonate  of  lime. 
(3.)  Solid  crystals,  wholly  consisting  of  the  phosphatic  material 
2.  Common  Sail, — The  numerous  pools  of  sea-water  along 
the  edge  of  the  cliflF,  which  are  fed  by  the  spray  from  the  surf  in 
high  winds  and  heavy  ground  swells,  sometimes  evaporate  con- 
siderably or  wholly  during  the  droughts  of  the  winter  season  and 
the  long  calms  of  the  summer.  Thus,  as  in  the  large  salt-ponds 
of  neighboring  islands,  their  bottoms  are  left  sparkling  with  the 
ordinary  cubical  crystals  of  common  salt. 

But  again,  in  September,  1863,  a  quarry  in  the  northern  part 
of  the  Key  was  partially  filled  by  the  overflow  of  a  heavy  ground- 
swell,  and  in  this  way  masses  of  a  porous  variety  of  rock-guano 
were  saturated  with  sea- water.  The  waters  soon  subsided 
through  the  bottom  of  the  quarry  and  a  peculiar  efflorescence  of 
salt  afterwards  appeared,  near  the  sea  level.  It  occurred  over 
the  surfaces  of  these  masses  on  the  sides  of  the  quarry,  in  cavi- 
ties shielded  from  the  sun  and  rain,  but  otherwise  freely  expo- 
sed to  the  atmosphere.  This  crust  consisted  of  slender  crystals, 
usually  one-eighth  of  an  inch  in  length,  white,  translucent,  and  so 
much  curved  as  to  take,  in  some  cases,  one  and  a  half  turns,  or  to 
return  to  and  become  re  embedded  in  the  matrix.  In  this  last 
characteristic  and  in  their  fibrous  structure  they  strongly  resem- 
ble, especially  under  the  microscope,  the  similar  forms  of  gyp- 
sum, etc.  Fracture  uneven.  A  tendency  is  shown,  (by  the 
splitting  of  their  terminations,  the  separation  of  narrow  off-shoots 
from  their  sides,  etc.),  to  a  disintegration  into  the  slender  fibers  of 
which  each  crystal  seems  to  be  an  aggregation.  There  is  also  a 
transverse  plane  of  cleavage,  marked  by  the  numerous  lines  of 
cross-fracture.  In  the  thicker  crystals  the  breadth  is,  in  most 
cases,  nearly  uniform  throughout  their  length ;  but  in  others  it 
often  decreases  from  one  end  to  the  other.  The  outer  termina- 
tion is  usually  rounded  and  sometimes  a  slender  crystal  ends  in 
a  sphere  of  greater  diameter.  The  transverse  section  of  every 
crystal  is  apparently  almost  circular,  though  irregular.  The 
following  are  the  results  of  an  analysis : 

L  n. 

Moisture  (expelled  at  100*  C),      -        -        -    -34  .... 

Loss  by  ignition, '37  .... 

Guano,  attached  to  the  crystals,     -         -         -  1-63  .... 

Sulphuric  acid, '35  .... 

Chlorine, 68.72  58-73 

Sodium, 37-39  .... 

Potassium, -10  .... 

Magnesium,    -        -        -        -        -        -         -03  .... 

Lime,         -        -         -         -         -        -        -     -40  .... 

Aluminum, '07  .... 

99^ 
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These  results  are  equivalent  to  water  -55,  guano  1*53,  sulphate 
of  lime  '75,  chlorid  of  aluminum  -35,  chlorid  of  calcium  -30, 
chlorid  of  magnesium  •!!,  chlorid  of  potassium  '20,  and  chlorid 
of  sodium  95-46= 99'25. 

The  crystals  were  found  to  be  very  J. 

deliquescent  in  an  atmosphere  saturated 
with  moisture,  absorbing  more  than 
their  weight  of  water  after  a  few  days 
exposure.  A  sketch  of  a  crystal  mag- 
nified about  fifteen  diameters  is  given 
in  fig.  1. 

8.  Brushite, — A  few  small  specimens 
of  massive  brushite,  crystalline  in  struc- 
ture and  having  a  botryoidal  surface, 
were  found  in  one  locality  as  crusts 
adhering  to  guano.  Drusy  cavities  occur 
in  this  material,  but  no  crystals  like 
those  from  Aves  Island,  described  by 

by  Mr.  G.  E.  Moore,*  have  yet  been  found.  The  following  are 
the  characters  of  this  massive  brushite :  Hardness  =2*76.  Specific 
gravity  =2-953-2-999,  by  two  determinations  of  the  coarsely 

Eowdered  mineral  in  alcohol  and  in  pure  benzole,  at  60°  K 
lUster  vitreous,  inclining  to  resinous;  snining.  Color  white,  but 
with  a  superficial  yellowish  tinge,  (lighter  than  that  of  Moore's 
crystals).  Streak  and  powder  white.  Translucent ;  in  thin  laminss 
transparent.   Fracture  uneven.   Brittle. 

Gently  heated  in  a  closed  tube  before  the  blowpipe,  it  at  once 
gives,  off  water,  darkens  with  a  slight  empyreumatic  odor,  and 
again  whitens  by  ignition.  The  water,  condensed  above,  is  de- 
cidedly acid,  and  gives  the  reactions  for  phosphoric  acid.  In 
the  platinum  forceps  and  on  charcoal,  it  glows  with  a  greenish 
light  at  a  high  temperature  and  fuses  with  a  little  intumesence 
to  a  button  which  is  crystalline  on  cooling.  At  the  same  time 
it  imparts  a  slight  greenish  tinge  to  the  OFl,  especially  if  pre- 
viously moistened  with  sulphuric  acid.  With  borax  and  with 
microcosmic  salt  it  fuses  easily,  with  a  little  effervescence,  to  a 
bead  which  is  clear  and  colorless,  both  hot  and  cold;  when 
nearly  saturated,  the  bead  is  clear  and  slightly  yellowish  while 
hot,  transparent  and  colorless  when  cold,  and  becomes  milk- 
white  and  opaque  by  flaming ;  with  a  still  larger  excess  it  is 
slightly  yellowish  and  transparent  while  hot,  and  becomes  white 
and  opaque  on  cooling.  With  carbonate  of  soda  on  charcoal  it 
fuses  readily  to  a  clear  and  colorless  glass.  It  dissolves  easily 
(even  after  ignition)  in  nitric  and  hydrochloric  acids,  but  very 
slowly  in  acetic  and  tartaric.  When  boiled  with  water  in  a  test- 
tube  the  water  gives  a  strong  acid  reaction  with  litmus ;  most 

'  This  Joor.,  [2],  xxxix,  48. 
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probably  from  the  well-known  decomposition  of  the  salt,  by  bot 
water,  into  bone-phosphate  and  super-phosphate  (CaO,  2H0, 
PO,)  of  lime. 

Two  determinations  were  made  of  the  amount  of  water  in 
the  air-dried  material,  the  assay  being  successively  heated  in  each 
case  in  an  air-bath,  at  various  temperatures  from  100°  to  245°  C, 
and  then  ignited  at  a  red-heat.    The  results  were  as  follows : 


Teniperatnre 
of  expaltion. 

100^  c. 

126^-240^0. 

ignition. 


I. 

1-388 
19-698 
6111 

25-809 
27-197 

n. 

1-071 
19-929 
6166 

2T()84 

Mean. 

12-29 
25-947 

27-165 

27176 

Hygroscopic  moisture, 

Water,  - 

Water  and  org.  matter, 

Combined  water, 

Totol, 

A  tendency  is  thus  exhibited  to  the  expulsion  of  the  four 
equivalents  of  water  of  crystallization  (in  the  formula  below) 
between  126^-240°  C,  the  basic  equivalent  being  retained  until 
the  temperature  becomes  much  higher,  or  reaches  ignition.  The 
following  is  an  analysis  made  with  one  gram  of  material : 

Oxygen  Ratios. 

Moisture, 1-229        , ^ ^ 

Water  and  organic  matter,  -  25*947         23*06     2-52     5 

Silica, trace. 

Sulphuric  acid, -778 

Phosphoric  acid,    .        -        -        -      39*947         22-39     2*46     6 

MagQesia, trace. 

Lime, 32*116  9*14     1*         2 

Alumina  and  sesquioxjd  of  iron,         -      -329 
Fluorine, trace, 

100*346 

These  figures  correspond  to  the  following  composition: 

Moisture,     -- 

Organic  matter, 

Sulphate  of  lime  (CaO,  SOg-f  2EtO,) 

Alumina  and  sesquioxjd  of  iron,       ... 

Silica,  phosphate  of  magnesia,  and  fluorid  of  calcium. 

Impurities, 

2CaO, 

HO, 

PO.         - 
4aq. 


1*229 
•346 

1-675 
•329 

tracei, 

3r569 

5^050 

40-004 

20-200 


Brushite, 


8-679 


96*823 
100*402 


The  method,  employed  in  this  and  all  but  one  of  the  subse- 
quent analyses,  was  as  follows,  the  precipitates  and  filtrates 
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being  treated  in  the  usual  way.  The  lime  was  first  precipitated 
with  sulphuric  acid  and  alcohol.  To  the  filtrate,  evaporated  to 
small  bulk,  citrate  and  aqua  ammonia  were  added  in  excess, 
by  which  all  the  magnesia  and  a  part  of  the  phosphoric  acid 
were  thrown  down  as  ammonio-phosphatc.  In  the  filtrate  the 
remainder  of  the  phosphoric  acid  was  precipitated  with  the 
usual  sulphate  of  magnesia  solution.  The  filtrate  was  evapo- 
rated to  a  small  bulk,  digested  in  a  flask  with  nitric  acid  until 
the  complete  expulsion  of  all  chlorine,  evaporated  to  dryness  in 
a  platinum  dish,  and  calcined  to  perfect  whiteness.  The  residue 
(excess  of  magnesia  from  the  reagent)  was  redissolved  in  hydro- 
chloric acid,  the  alumina  and  the  oxyd  of  iron  precipitated  with 
aqua  and  carbonate  of  ammonia,  and,  after  weighing,  the  iron 
redissolved  and  determined  volumetrically,  if  desired.  In  the 
filtrate  the  alkalies  if  present  were  separated  from  the  excess  of 
magnesia. 

In  another  portion  of  material,  the  water  was  determined  as 
already  explained,  the  ignited  residue  dissolved  in  nitric  acid, 
and  the  chlorine  and  sulphuric  acid  successively  estimated  by 
additions  of  nitrate  of  silver  and  of  nitrate  of  baryta. 

4.  Melabrushiie. — -This  new  mineral  has  been  observed  to  oc- 
cur only  with  the  guano  as  a  matrix,  and  in  two  localities  in  the 
northern  part  of  the  Key ;  in  one,  studding  the  sides  of  a  cav- 
ity and  attached  in  microscopic  crystals  to  many  small  rootlets 
within  it ;  and  in  the  other,  as  a  single  large  group,  weighing 
about  ten  grammes,  some  of  the  crystals  being  nearly  an  inch  in 
length  and  half  an  inch  in  breadth.  The  crystals  are  usually 
short,  thick,  and  tabular,  with  most  of  their  fiices  uneven  and 
lusterless,  unlike  the  prisms  of  brushite.  The  planes  of  cleav- 
age are  the  same  as  in  that  mineral  and  in  selenite,  but  are  more 
imperfect.  No  massive  specimens  have  yet  been  discovered. 
Its  characters  are  as  follows : 

H.  =2'75.  Sp.  gr.  (with  large  crystals  and  distilled  water  at 
60*"  F.)  =2-288,  2-856,  and  2-362.  Luster  vitreous,  inclining  to 
pearly,  splendent  on  cleavage  faces  parallel  to  the  clino-diagonal 
section ;  somewhat  resinous  on  surfaces  of  irregular  fracture. 
Color  yellowish-white,  sometimes  with  a  slight  reddish  tint  by 
transmitted  light.  Streak  and  powder  white.  Transparent;  in 
some  crystals,  however,  the  surface  is  covered  with  a  translucent 
film,  by  which  their  transparency  is  disguised  and  to  which 
their  reddish  tinge  is  probaoly  due.  Fracture  uneven.  Brittle. 
It  presents  the  same  characteristics  before  the  blowpipe  and 
when  treated  with  acids  as  massive  brushite,  except  that  it  is 
apparently  a  little  more  slowly  soluble  in  the  mmeral  acids. 
It  also  exhibits  strong  double  refraction. 

In  one  assay  the  total  loss  of  water  by  ignition  was  at  once 
determined,  and  in  three  others,  as  in  brushite,  the  loss  at  suc- 
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cessive  temperatures  from  110*^  to  400^  0.  was  carefully  ascer- 
tained. 


Temp,  of 
expulsion. 

lOOOC. 
126O-340OC. 
IfCnition. 


L 

21-866 

IL 

1-620 
17-98S 
4^83 

m. 

1-616 
17-419 
4-600 

22-278 

22-019 

21-8651 

23-890 

23-634 

IV. 


1-880 


24-068 


Moisture, 

Water, 

Water  and  oix<  matter, 

Combined  water. 

Total, 

A  tendency  was  noticed  to  the  expulsion  of  one  of  the  con- 
stitutional equivalents  of  water  (in  the  formula  below)  at  about 
126"*  C,  of  the  remaining  two  at  175^-180°  C,  a  fraction  of  a  per 
cent  of  water  at  235^-289°  C,  and  the  basic  equivalent  on  igni- 
tion ;  but  the  figures  were  somewhat  variable.  The  quantity  of 
material  in  my  nands  being  small,  the  following  analyses  were 
made  from  an  amount  altogether  a  little  less  than  two  grams, 
according  to  the  method  already  explained. 

Oxygen  Ratios. 
Moisture, 

Water  and  oreanlc  matter, 
Sulphuric  acid. 
Phosphoric  acid. 
Lime, 
Ma^esia, 
Alumiua, 
Sesquiozyd  of  iron. 


I. 

If. 

m. 

IV. 

Mean. 

1 21-865 

1-620 

1-515 

V380 

1-505 

22-276 

22-019 

22652 

21-826 

none. 

•208 

none. 

none. 

•052 

42-527 

42-688 

43103 

42-565 

42721 

32-981* 

82-731 

33-346 

32-849 

32-977 

•881 

trace. 

-645 

-571 

•624 

1-292 
•454 

trace. 

•605 

-930 

-795 

100- 

99523 

101133 

100-947 

100-880 

19-40    2-07    4 


23-95 
938 


2^55 
1- 


•  By  difTereDce. 

There  was  no  trace  of  chlorine  present,  and  no  examination 
was  made  for  fluorine.    The  results  may  be  grouped  as  follows : 
Moisture,     -  -  -  .        1-491 

Organic  matter,  -  -  '717 

Sulphate  of  lime,    -  -  -         '068 

Phosphate  of  magnesia,  (3Mg  O,  PO^),   1-147 
Alumina,  oxvd  iron,  and  phosphoric  acid,  1*049=4*472  impurities. 

82*955 
.     6-277 
41*844 
l5-832=96*908  metabrushite. 


2CaO, 
HO,  - 

daq. 


100*38 


While,  therefore,  brushite  corresponds  to  the  salt  of  Bcideker,' 
which  contains  four  equivalents  of  water  of  crystallization  and 
which  was  found  by  Pics*  in  almost  pure  acicular  crystals  in  the 
central  tissue  of  Tectonia  grandia^  we  have  in  metabrushite  the 
allied  salt  of  Kaewsky*  and  Berzelius,  the  analysis  (1)  and  theo- 
retical composition  (2)  of  which,  by  Berzelius,  are  as  follows: 


'  Ann.  PbaiTO,  Ixiz,  206. 

*  Pharm.  Oeotralbl.,  848,  286. 


lUp.  Ghim.  Appliq.,  si,  824. 
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2. 


2CaO,  34-89 
do'42 


HO,  6-50 
6-67 


PO,,  43-61 
41-90 


8aq,  10-60  =100. 
1701  =  100. 


Fig.  2. 


» 


Its  relation  to  brushite  and  succession  in  amount  of  water 
have  therefore  been  designated  in  the  prefix  of  its  name  (/utra, 
qfler).  In  many  of  its  characteristics  it  bears  a  strong  resem- 
blance to  gypsum,  a  mineral  which,  it  may  be  stated,  does  not 
occur  upon  tne  Key.  I  am  indebted  to  Prof.  J.  D.  Dana  for  the 
following  results  of  his  crystallographic  examination  of  meta- 
brushite  and  its  pseudomorphs. 

"System  monoclinic.  Occurring  planes  the  prismatic  tW 
(orthodiagonal)  and  i-i  (clinodiagonal)  with  a  hemidome  which 
may  be  lettered  -l-t,  as  shown  in  the  annexed  sectional  figure, 
(fig.  2,^  i'i  on  -1-1=41^  30'-42°  80',  as  measured 
with  tne  common  goniometer,  but  varying  in  some 
cases  between  38°  and  46°.  .  .  .  Large  crys- 
tals, which  vary  from  a  fourth  of  an  inch  to  an  inch 
in  length,  often  nearly  half  as  broad  as  lone,  with 
commonly  only  i-i  smooth,  -1-i  being  crossed  verti-  '< 
cally  by  a  few  deep  furrows  and  ridges,  and  round- 
ing eitner  side  into  t-i,  which  is  also  uneven  from  a 
series  of  furrows  parallel  to  those  of  -1-/,  (see  fig. 
8).  Cleavage  clinodingonal,  easy  and  pearly.  The 
crystals  differ  in  the  occurring  planes  rrom  those  of 
brushite,  although  like  them  in  being  of  the  mono- 
clinic  system,  and  in  having  a  pearly  clinodiagonal 
cleavage.  They  approximate  moreover  in  the 
angle  i-i:-l-i;  for  calculation  gives  for  this  angle 
in  brushite  (in  which  the  plane  -l-i  does  not  occur)  41^  44'. 
The  discovery  of  other  crystals  at  Sombrero  with  additional 
planes,  and  those  that  are  better  for  measurement,  is  necessary 
to  settle  positively  the  question  of  identity." 

Pseudomorphs. — Pseudomorphous  crystals  (hollow  crusts  or 
shells)  in  considerable  abundance  have  been  found  in  certain 
localities  in  the  course  of  quarrying.  Of  these 
at  least  the  two  following  varieties  may  be  un- 
hesitatingly referred  to  metabrushite,  possessing 
the  same  form  and  the  peculiar  furrowed  planes. 

A.  ^(^ifc.— H.  =8-25.    Sp.gr.=2-971.    Color 
white,   and   with    light  shades  of  yellow  and 
brown.   Translucent.   The  crust  in  these  crystals 
usually  very  thin,  brittle,  and  fragile.    The  ex- 
terior surface  is  tolerably  smooth  (on  the  ortho- 
diagonal  plane,)  though  without  lustre ;  but  the 
interior,  on  being  broken  open,  is  extremely  rag- 
ged and  irregular.    Both  surfaces  are  often,  but 
not  always,  completely  covered  with  glittering  points,  which 
beneath  the  microscope  are  revealed  to  be  tiny  rhombs  of  calcite. 
Am.  Jour.  Sok— Sboond  Sbri«s,  Vol.  XL,  No.  119.— Sept.,  1865. 
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This  rare  variety  of  tha  pseudomorphs  was  found  associated  in 
the  same  cavity  with  the  large  group  of  crystals  of  metabmsh- 
ite  before  mentioned  in  stellated,  radiating,  and  irregular  groups 
and  drusy  crusts,  adhering  to  guano  and  also  to  the  sides  of 
cavities  in  the  limestone.  A  few  are  also  attached  to  the  large 
group  itself,  showing  the  commencement  of  the  pseudomorph- 
ous  process.  Two  analyses  of  this  material  follow,  of  which  I 
is  the  mean  of  two  almost  complete  analyses  of  the  same  speci- 
men, in  which  the  phosphoric  acid  was  determined  by  means  of 
oxyd  of  mercury. 

12-97 

trace. 

•48 

4608 

8-92 

44-24 

•78 

trace. 

108 


Moisture, 

. 

L 

•08 

Water  and  organic 

matter, 

2-99 

Sulphuric  acid,  - 

- 

-39 

Carbonic  acid, 

• 

trace. 

Pha«phoric  acid, 

- 

-     47-07 

Magnesia,     - 

- 

3-26 

Lirae,    - 

• 

-     44-18 

Alumina  and  sesquioxyd  of 

iron,        '64 

Fluorine, 

. 

trace. 

Chlorid  of  sodium, 

- 

-     undt. 

8-02 

•19 

•24 

46-55 

3.59 

44-21 

-66 

trace. 

1-08 


98-50  99-50  99-54 
In  grouping  together  these  results  we  must  of  course,  in  the 
first  place  give  to  the  percentages  of  sulphuric  and  carbonic 
acids  their  equivalents  of  lime,  and  to  that  of  magnesia  sufficient 
phosphoric  acid  to  form  the  salt,  8MgO,  PO^.  There  only  re- 
main— 

Atomic  ratios. 

Lime, 43-78  1-56         8 

Phosphoric  acid,      -        -         •         42*28  '69         3 

If  we  calculate  to  the  lime  its  proportion  of  phosphoric  acid 
to  form  the  bone  phosphate,  8CaO,  PO^,  five  per  cent  of  phos- 
phoric acid  will  still  remain  uncombined,  except  with  the  tnfiing 
quantity  of  alumina  and  oxyd  of  iron.  From  these  considerations^ 
necessary  to  elucidate  the  proper  method  of  combining  the  re- 
sults, (a  question  almost  always  a  matter  of  great  doubt  and  un- 
certainty,) the  following  arrangement  seems  the  most  probable: 

Water  and  organic  matter, 2-93 

Sulphate  of  lime,    --..-.  •41 

Carbonate  of  lime, -54 

Phosphate  of  lime  (8CaO,  SPO^),    -        -        -  85-62 

Fluorid  of  calcium, -  trace. 

Phosphate  of  magnesia, 7-86 

Phosphates  of  alumina  and  iron,  •        •        -        .  i*io 

Chlorid  of  sodium, *   -  1-08 

99  54' 
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This  is  therefore  a  new  but  accidental  product,  and  although 
it  is  amorphous  and  there  is  no  apparent  relation  between  the 
constituents,  (the  phosphate  of  magnesia,  alumina,  etc.,  prob- 
ably occurring  in  variaole  proportions,  here  as  elsewhere,)  never- 
theless it  differs  somewhat  in  appearance  from  every  other  phos- 
phatic  material  upon  the  Key,  and  is  the  only  substance,  I 
believe,  in  which  this  phosphate  of  lime,  SCaOjSPO,,  occurs  in 
nature.  This  salt  is  the  one  whose  occurrence  in  bones,  as  re- 
ported by  Berzelius,  as  well  as  certain  methods  for  its  manufac- 
ture, were  ascertained  by  Raewsky  to  be  incorrect;  but  no  evi- 
dence  has  been  ojQfered  against  its  identity  (with  the  addition, 
perhaps  of  some  proportion  of  water)  with  the  precipitate 
formed*  by  pouring  chlorid  of  calcium,  drop  by  drop,  into  a 
solution  of  phosphate  of  ammonia,  containing  an  excess  of  am- 
monia, until  half  the  phosphoric  acid  is  thrown  down.  In  the 
following  table  its  composition,  together  with  that  of  the  bone 
phosphate  of  lime,  are  put  side  by  side  for  the  sake  of  compar- 


ison: 


8CaO,  . 
SPO^ 


22504 
21408 


51-248 
48-762 


43912     100- 


3CaO,  - 
P0„ 


-     84-39 
71-36 


64-183 
45-817 


155-75     100- 


In  this  case  the  salt  has  probably  been  formed  by  the  union 
of  an  equivalent  of  the  neutral  phosphate  of  lime  of  the  original 
crystals  of  metabrushite  with  two  of  the  bone  phosphate  of  lime 
of  the  pseudomorphous  solution,  and  the  old  theory  of  its  com- 
position is  thus  confirmed,  (rejecting  the  water :) 

2CaO,  POj+2(3CaO,  POJ=8CaO,  3P0j. 
To  express,  therefore,  the  junction  in  this  mineral  of  meta- 
brushite and  ornithite,  (soon  to  be  described,)  it  may  be  called 
ZeugiU  {tfivyiitig^  yoked  or  joined  together,)  and  the  other, phos- 
phates, etc.,  present,  may  be  considered,  as  usual,  impurities. 

In  the  platinum  forceps,  before  the  blowpipe,  it  darkens  with 
an  empyreuraatic  odor,  whitens,  glows  with  a  greenish  light 
(though  not  so  strongly  as  in  the  case  of  brushite  and  meta- 
brushite,) but  does  not  fuse,  even  upon  thin  edges.  In  a  closed 
tube  it  darkens,  with  the  odor,  whitens,  and  gives  oflF  a  very 
little  hygroscopic  water.  With  borax,  microcosmic  salt,  and 
carbonate  of  soda,  it  acts  like  ornithite.  When  boiled  in  a  test- 
tube  with  water,  the  latter  becomes  alkaline. 

In  cavities  of  the  limestone  in  another  locality  of  the  Key,  a 
variety  of  these  pseudomorphs  has  been  found  in  which  the 
hemidome,  -1-t,  is  invariably  covered  with  many  small  crystals. 
In  the  same  cavities  also  occur  large  hollow  hemispherical  and 
botryoidal  crusts.    These  are  probably  pseudomorphous  crystals 

*  Beneliai,  TVait^  d«  Chem.,  iv,  886. 
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of  metabrushite,  with  the  angles  rounded  oflF  by  aooncretionary 
tendency  in  the  pseudomorphous  process,  or  they  may  be  paeu- 
domorpns  of  massive  specimens  of  the  mineral.  Their  material 
resembles  that  just  described,  in  color,  etc.,  (except  that  it  is  not 
drnsy  with  calcite,)  and  it  has  probably  the  same  composition. 

B.  Color  straw  yellow,  buflF,  to  dark  shades  of  brown.  Sub- 
translucent — opaque.  Brittle.  Crusts  rather  thicker  than  those  of 
A,  without  the  glitterfng  surfaces.  Found  in  isolated  crystals, 
irregular  groups,  and  drusy  films,  in  cavities  and  fissures  of  the 
limestone,  ana  in  radiating  groups  upon  stalactitic  deposits  of 
phosphate  of  lime.  From'  their  color  and  furrowed  sides  they 
often  resemble  little  chips  of  wood. 

C.  Sp.  gr.  =2-988-3-030.  Color  straw  yellow,  buff,  and  shades 
of  brown.  Opaque.  Brittle.  Narrow  blades,  sometimes  an 
inch  and  a  quarter  in  length.  In  radiating  or  irregular  groups. 
Crust  thick ;  sometimes  so  much  so  that  the  crystals  are  nearly 
or  quite  solid.  Occurs  in  limestone  cavities.  The  following  are 
a  complete  and  a  partial  analysis  of  different  specimens,  the  lat- 
ter having  been  spoiled  by  an  accident : 

Water  and  organic  matter,    -        -        -  3-98  3-88 

8ulpburic  acid,  -----  •IS  — 

Carbonic  acid, 1*74  a  little 

Pliopphoric  acid,         ...         -  43*24  — 

Magnesia, '60  — 

Lime, 48*87  47*15 

Alumina  and  sesquioxjd  of  iron,    -        -  1*02  — 

Fluorine,  ------  trace,  trcLce, 

Ciilorid  of  sodium,        .        -        .        -  f  — 

99*59 

In  grouping  these  results  by  the  method  employed  in  the  case 
of  A,'  if  we  calculate  the  remainder  of  the  lime  as  bone-phos- 
phate, 3  per  cent  of  phosphoric  acid  will  remain  uncombined  ex- 
cept with  alumina  and  iron.  It  seems  more  judicious,  therefore, 
to  suppose  the  existence  of  a  mixture  of  the  two  phosphates  of 
lime  in  this  case,  and  arrange  the  analysis,  for  example,  as  fol- 
lows: Water  and  organic  matter,  8'9();  sulphate  of  lime,  '89; 
carbonate  of  lime,  3*95;  phosphate  of  lime  (8CaO,  3P0^), 
85*28 ;  bone  phosphate  of  lime,  (8CaO,  PO,,)  52*49 ;  phosphate  of 
magnesia,  1*22 ;  phosphates  of  alumina  and  iron,  2  36;  fluorid  of 
calcium,  trace ;  =99'59.  As  the  narrowness  of  the  pseudomorphs 
of  this  variety  is  unusual  among  at  least  the  known  crystals 
of  metabrushite,  they  may  possibly  be  pseudomorphs  of  prisms 
of  brushite,  if  such  ever  existed  on  the  Key.  In  my  first  pub- 
lished statement*  of  the  discovery  of   metabrushite,  I  errone- 

«  ThU  Joar.t  [2],  xxxvi,  424w 
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OQsly  attributed  to  its  composition  the  results  of  a  qualitative 
examination  of  the  foregoing  pseudomorphous  material.  No 
analysis  has  been  made  of  the  material  of  variety  B,  but  it  is 
probable  that  in  both  B  and  C  the  material  always  consists  of 
zeugite,  with  bone  phosphate  of  lime  (as  well  as  the  phosphates 
of  magnesia,  etc.,)  as  an  impurity,  in  proportions  increasing 
until  perhaps  the  amount  of  8CaO,  SPO,  becomes  too  small  to 
be  distinguished.  • 

5.  Ornilhtte. — In  the  empty  casts  of  Madrepores  and  other 
cavities  of  the  coral  limestone,  in  two  localities  of  the  southern 
part  of  the  Key,  another  new  mineral  occurs. 

System  monoclinic.  Small  crystals,  not  over  a  fourth  of  an 
inch  in  length,  usually  very  narrow,  with  the  planes  even  and 
not  polished,  and  -hi  very  slightly  convex,  resembling  some- 
what a  common  form  of  gypsum.  Clinodiagonal  cleavage 
perfect;  so  that  this,  unlike  the  other  minerals,  is  easily  sec- 
tile  into  very  thin  scales;  two  other  planes,  as  in  gypsum. 

The  broader  crystals  are  arranged  in  radiating  groups,  while 
most  of  the  narrower  are  isolated  and  strewn  irregularly  over 
the  surfaces  of  the  cavities.  No  massive  specimens  of  the  min- 
eral have  yet  been  found. 

Hardness  =2*5 ;  (just  scratches  mica  when  rubbed  upon  it). 
Lustre  pearly  on  clino-diagonal  surfaces.  Color  white.  Streak 
and  powder  white.    Translucent.     Flexible. 

When  heated  before  the  blowpipe  in  a  closed  tube,  it  darkens- 
with  a  feeble  empyreumatic  odor,  loses  water,  and  again  on  igni- 
tion becomes  white,  opaque,  and  lusterless.  It  is  probable  tnat 
the  water  condensed  above  is  neutral  to  the  test-papers.  In  the 
platinum  forceps  and  on  charcoal,  the  mineral  undergoes  the 
same  changes  and  does  not  fuse.^  When  previously  moistened 
with  sulphuric  acid,  the  greenish  tinge  of  phosphoric  acid  is  im- 
parted to  the  flame.  With  borax  and  with  microcosmic  salt  it  dis- 
solves readily,  and  apparently  with  greater  effervescence  than  in 
the  case  of  massive  brushite  or  metabrushite,  to  a  bead  which  is 
clear  and  colorless  both  hot  and  cold ;  when  nearly  saturated, 
the  bead  is  yellowish  while  hot,  clear  and  colorless  when  cold, 
and  becomes  white  and  opaque  by  flaming:  with  a  still  greater 
excess,  the  bead  is  transparent  and  yellowish  while  hot,  and  be- 
comes white  and  opaque  on  cooling.  Readily  soluble  in  nitric 
and  chlorhydric  acids.  In  thin  scales  it  exhibits  a  feeble  display 
of  colors  under  the  polarizing  microscope. 

The  amount  of  this  mineralin  my  possession  being  verv  small, 
only  about  one-tenth  of  a  gram  of  pure  crystals  could  be  used 
for  analysis,  and  it  was  first  carefully  dried  at  100°  C,  with  but 

^  Od  account  of  the  email  site  of  the  fragments  and  their  mohilitj  before  the 
blowpipe  flame,  I  was  unable  to  determine  the  effect  of  a  long  continued  ignition  ; 
but  at  the  end  of  a  minute's  ignition  no  trace  of  fusion  could  be  perceiTed. 
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trifling  loss.  With  this  two  water  determioations  were  first 
made,  from  '(MS  and  .068  grame  respectively  of  unbroken 
crystals,  as  follows : 

^    ^  Temperature 

of  expulsion.  I.  n.  Bfean. 

Water,  260<>C.       8-918 

Water  and  trace  of  oi^.  matter,      strong  ign.    5*154      9*827 

ToUl,  9*072      9-827      9*449 

• 

A  tendency  is  thus  shown  to  the  expulsion  of  one  equivalent 
(in  the  formula  obtained  below)  below  250°  C,  and  the  retention 
of  the  other  until  ignition.  The  ignited  residues  were  combined 
and  analyzed  in  the  usual  manner,  with  the  following  results: 

Oxygen  ratioc 
Water  and  trace  of  organic  matter,       9*449         8*4        1*  2 

Phosphoric  acid,        -        •         -        40139       22*5         2*67        5 
Magnesia,  ....  trace. 

Lime, 45*768       13*2        1-64        3 

Alumina  and  sesquioxjd  of  iron,  4*623 

99*979 

No  attempt  was  made  to  test  for  sulphuric  acid  and  fluorine, 
traces  of  which  may  occur.  These  results  correspond  to  the 
formula  8CaO,  P04  4-2aq.,  so  that  this  mineral  is  identical  in 
composition  with  the  gelatinous  precipitate  produced  when  the 
bone-phosphate  of  lime  is  thrown  down  from  solution.  The  fore- 
going figures  may  be  arranged  as  follows : 

Organic  matter, trace. 

Alumina,  oxyd  of  iron,  and  their  phosphates,    6*061 

Phosphate  of  magnesia,  ...      trace. 

8CaO        -  -  -  45-768 

POg,         -  -  -  38*701 

2aq.,  -  -  -  9-762  94-231 

100*292 

I  do  not  think  that  I  can  do  better  than  to  dedicate  this  spe- 
cies to  my  old  comrades,  the  sea-birds  of  Sombrero,  (fi^^if,  a 
birdy)  to  whom  we  are  mainly  indebted  for  the  contribution  of 
the  guano-deposit  to  American  agriculture,  and  for  the  formation 
of  this  interesting  companion  to  apatite.  Its  physical  charac- 
teristics, even  more  than  those  of  metabrushite,  correspond  re- 
markably with  those  of  gypsum,  to  which  species  it  is  also  allied 
in  its  formula  and  mode  of  crystallization. 

Pseudonwrphs. — a.  White  and  yellowish  white  crystals,  with 
glittering  surfaces  and  a  material  somewhat  similar  in  appear- 
ance to  the  A  of  metabrushite ;  the  crystals  diflFer  usually  in  their 
greater  slenderness.  These  occur  in  cavities  of  the  limestone, 
intermixed  with  the  crystals  of  omithite. 
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h.  Hemispherical  stellated  groups.  Color  white.  Opaque. 
Friable. 

No  analysis  has  been  made  of  the  material  but  I  suppose  it  to 
be  identical  with  that  of  the  original  crystals,  miniLs  the  water. 
They  occur  intermixed  with  the  original  crystals;  and  also  as 
solitary  white  groups,  dotting  over  in  marked  contrast  the  dark 
brown  phosphatic  lining  of  cavities  in  the  limestone. 

In  conclusion  it  may  be  observed  thaf  specimens  of  all  these 
phosphatic  minerals  are  exceedingly  rare,  few  having  been 
found  since  my  departure  from  Sombrero  (in  the  spring  of  1864). 
Good  specimens  of  the  pseudomorphs  are  also  uncommon, 
though  imperfect  or  drusy  crystals  have  occasionally  been  found 
in  tolerable  abundance  on  the  opening  of  some  new  vein.  It  is 
a  universal  rule,  when  the  original  or  the  pseudomorphous  crys- 
tals occur  in  cavities  of  the  limestone,  that  they  are  never  in 
direct  contact  with  the  matrix,  a  film  or  thin  layer  of  a  common 
brownish  material,  rich  in  bone-phosphate  of  lime,  alwajrs  inter- 
vening. As  to  my  theory  in  regard  to  the  origin  and  history  of 
these  minerals  and  of  their  pseudomorphs,  I  must  refer  to  the 
coming  publication  of  my  general  observations  on  Sombrero. 

It  is  suflBcient  here  to  state  that  they  have  undoubtedly  been 
deposited  from  the  salts  of  the  superficial  guano-deposit  brought 
down  in  solution  by  carbonated  rain-waters  into  the  joints  of 
the  limestone. 

School  of  Mines,  Columbia  College,  New  York.    June,  1865. 


Art.  XXXIX. —  On   Two  Varieties  of  Sponge-Spicules ;'   by 
Alexis  A.  Julien. 

In  clearing  the  white  coral-sand  out  of  a  crevice  of  the  rock 
near  the  east  cliff  of  the  Key  of  Sombrero,  W.  I.,  a  loose  mass  of 
snow-white  acicular  fibres  was  found,  associated  with  fragments 
of  coral,  shells,  etc.,  at  the  height  of  thirty-six  feet  above  the  sea, 
and  imbedded  in  the  sand  at  a  depth  of  about  three  feet  from 
the  surface.  Among  these  fibers  the  two  following  varieties 
were  distinguished,  the  former  composing  the  bulk  of  the 
mass: 

A.  Acicular,  tubular,  and  gently-curving  spicules  (fig.  1,  a), 
tapering  from  the  middle  toward  each  end,  at  first  very  gradu- 
ally, and  then  rather  suddenly  at  a  short  distance  from  the  end, 
to  a  rounded  point. 

*  Mj  grateful  acknowledgements  are  dee  to  Frof.  O.  N.  Rood  of  the  School  of 
Mines,  Columbia  Colleee,  for  the  use  of  his  microscope  and  for  general  assistance 
and  adyice,  and  to  Prof.  0.  F.  Chandler  of  the  School  of  Mines,  for  the  facUities  of 
his  laboratory.— A.  a.  j. 
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The  curvature  of  the  ordinary  spicules  is  in  general  very 
slight,  and  they  are  sometimes  nearly  straight.  Among  them, 
however,  other  forms  occur  (fig.  1,  b)  whose  length  is  about  the 
TTiVc  of  ftu  inch,  and  whose  curvature  amount  to  that  of  a  semi- 
circle. These  I  take  to  be  rudimentary  spicules  and  suppose 
that  they  may  lose  their  curvature  in  their  enlargement. 


2d 


y^ 


Fig.  1,  magnified  14  diametera;  fig.  2,  260  diameUrs;  ^.  3,  727  diamctera. 

The  sudden  contraction  near  each  end  of  a  spicule  occasions 
an  irregular  slope  (fig.  2,  a)  or  perhaps  more  frequently  a  series 
of  from  two  to  nine  steps  (fig-.  2,  b)  consistiug  of  a  succession  of 
curved  planes.  This  slope  is  usually  from  Y<fvv  to  xiiv  of  an 
inch  in  length,  and  it  not  only  varies  greatly  in  length  and  form 
in  different  specimens,  but  sometimes  at  the  ends  of  the  same 
spicule. 

The  transverse  sections  of  the  spicules  are  generally  circular, 
though  sometimes  somewhat  elliptical,  and  the  outer  surface 
appears  perfectly  smooth.  When  the  spicules  are  examined 
under  a  high  power,  a  series  of  very  fine  parallel  lines  can  be 
distinguished  on  either  side  of  the  central  tube  (fig.  2,6).  In 
the  transverse  sections  also  (fig.  8),  a  series  of  very  numerous 
but  usually  very  faint  concentric  rings  is  often  revealed,  of  which 
from  three  to  five,  adjacent  to  the  center,  are  often  most  strongly 
marked  and  sometimes  can  alone  be  distinguished.  We  may 
therefore  conclude  that  each  spicule  is  constructed  of  a  great 
number  of  enveloping  sheaths.  (They  are  much  too  remote  in 
the  figure.) 

The  section  of  the  tube  is  generally  circular,  but  sometimes 
triangular,  elliptical,  or  oval.  Its  diameter  diminishes,  like  that 
of  the  spicule,  near  each  end,  but  the  tube  evidently  extends 
through  to  the  outer  surface,  since  when  an  unbroken  spicule  is 
immersed  in  water  the  liquid  enters  the  capillary  tube  by  the 
orifice  at  each  end.  When  magnified,  a  portion  of  a  spicule 
bears  a  strong  resemblance  to  a  thermometer  tube.  The  cUmen- 
sions  are : — 
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Variation. 

Mean. 

Naor 
Measurem'U. 

Length, 

^ixT-i  Jntli 

1  inch 

40 

Diameter  at  middle,     -     -     - 

irirW-Tiir^'"ch 

jH  '^^^^^ 

58 

**        "  end,      .... 

^TfiTJU'S'^  ^°^^* 

ttdW  '"<^J^ 

15 

Ratio  of  middle  diam.  to  length, 

2o  ""  Toiy 

1-Af 

8 

liatio  of  middle  to  end  diameter, 

A-i 

i 

13 

Diameter  of  central  tube,  -    - 

aTrilTlIToW  '°<5l' 

ttVf  inch 

45 

Ratio  of  We  to  diameter. 

tV-^ 

i 

45 

The  range  in  the  variations  of  the  measurements  and  of  the 
ratios  is  consequently  very  considerable,  and  the  same  conclu- 
sion is  impressed  by  a  simple  examination  of  a  few  spicules 
under  a  microscope,  without  measurement.  Some  of  the  long- 
est spicules  are  the  narrowest,  and  the  thickness  of  the  walls  of 
the  tube  seems  to  bear  no  fixed  relation  to  any  other  dimension. 
A  portion  of  the  mass  was  carefully  cleansed,  by  digestion 
with  acidulated  and  with  pure  water,  from  the  intermixed  impu- 
rities, particles  of  sand,  etc.,  and  on  analysis  yielded  the  follow- 
ing results : 

Water,  .....  7002 

Silica,  .....  89-84 

Alumina,  -  -  .  .  .  -29 

Proto.xjd  of  iron,  ....  •09 

Lime,  -  -  -  -  •  '66 

Magnesia,  .....  '22 

Potassa,  -  -  -  -  .  '63 

99-63 
Hardness  =3.  Specific  gravity  =2071.  Color  white.  Lus- 
ter pearly.  Powder  white.  Transpnrent.  Elastic.  Easily 
ground  to  a  very  fine  powder.  Fracture  conchoidal.  Trans- 
verse planes  of  fracture  very  distinct;  so  that  on  coarsely  pul- 
verizing the  spicula,  very  thin  and  beautiful  transverse  sections 
may  be  readily  obtained  among  the  fragments.  The  material 
does  not  possess  double  refraction. 

In  the  platinum  forceps  or  on  charcoal,  before  the  blowpipe, 
the  spicules  decrepitate  slightly,  whiten,  lose  their  luster,  and 
curl  together  into  a  coherent  mass.  When  this  mass  is  exam- 
ined beneath  a  microscope,  the  ends  of  the  spicules  are  found  to 
be  fused  and  in  many  cases  blown  into  thin  Dulbs,  or  a  series  of 
bulbs  occurs  along  their  stems.  This  has  evidently  been  effected 
by  the  fusion  of  their  ends  and  the  expansion  of  the  c^ir  in  the 
tubes.  In  a  closed  tube  the  spicules  whiten,  curl,  and  yield 
water.  Unaffected  by  the  acids,  not  or  cold,  but  readily  soluble 
in  a  solution  of  caustic  potassa. 

B.  Acicular,  tubular,  and  gently-curving  spicules,  tapering 
gradually  from  the  middle  toward  either  extremity.    Only  about 
Am.  Joim.  Sci.—Sbgond  Sbbibs,  Vol.  XL,  No.  120.— Nov.,  18d& 
49 
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a  dozen  specimens  have  been  observed,  all  of  which  were  frag- 
ments like  that  sketched  in  fig.  4.  These  fragmentary  epicnlea 
diflFer  from  those  of  A  in  their  minute  size  and  in  being  marked 
by  a  series  of  from  nine  to  sixteen  nodes,  each  consisting  of  from 
four  to  eight  sharp  spines  encircling  the  spicule.  From  their 
general  correi^pondence  to  the  spicules  of  A,  in  their  carving  and 
tapering  outline  and  tubular  character,  as  well  as  from  an  anal- 
ogy (stated  below)  in  regard  to  the  number  of  the  spines  upon 
the  nodes,  I  have  ventured  in  fig.  4  to  reproduce  in  lighter  bnes 
the  lost  portion  of  the  spicule. 


Magnified  486  diameters. 

The  surfaces  between  the  nodes  are  more  or  less  concave,  and 
the  intervals,  though  nearly  equal  in  the  same  spicule,  vary  from 
the  yiVt  to  the  ^jVir  ^^  ^^  inch,  averaging  the  sjVt-  ^^^  ^'^ 
variation  seems  to  be  partly  occasioned  by  the  contraction  of 
the  intervals  between  a  few  of  the  central  nodes,  and  in  the 
larger  specimens  the  length  of  the  intervals  (as  well  as  the  dis- 
tance of  the  extreme  node  from  the  end  of  the  spicule,)  is  quite 
regularly  the  s-g^xr  of  an  inch. 

In  the  smaller  spicules  the  nodes  are  crowded  nearer  together, 
are  apparently  composed  of  minute  rounded  projections,  and 
resemble  rings  or  raised  fillets ;  but  in  the  larger  the  spines  are 
distinct. 

These  spines  are  acute  and  conical,  like  the  extremities  of  the 
spicule.  Their  length  varies  slightly  and  irregularly  among  the 
nodes  but  never  exceeds  the  TTivT  of  an  inch. 

The  number  of  spines  on  each  node  diminishes  from  the  frac- 
tured end  towards  the  apex  of  the  spicule,  but  in  a  progression 
which  varies  in  diflFerent  specimens.  In  the  largest  spicule  found 
(fig.  4)  the  grouping  of  the  spines  seems  to  be  as  follows  from 
one  extremity  of  the  perfect  spicule  to  the  other,  supplying  from 
analogy  those  upon  the  unseen  side  and  upon  the  lost  half  of 
the  spicule: 

Groups.     3  nodes  (terminal),  Spines  on  each  node 
8  nodes,  "         "  " 

3  nodes  (central),  "        "  " 

8  nodes  "         "  " 

8  nodes  (terminal),        "        "  " 

Total,      25  nodes,  144  spines. 

In  the  same  way,  another  specimen  had  two  central  nodes  of 
8  spines  each,  five  nodes  on  either  side  of  6  spines,  and  three  ter- 
minal nodes  of  4  spines:  100  spines  in  all.    Again,  in  other 
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specimens,  no  8-spined  nodes  seem  to  be  present,  but  my  o  bfer 
vations  have  been  too  few  to  determine   the  extent  of  the 
variation. 

The  central  tube  appears  to  pass  uninterruptedly  through  th  e 
nodes,  to  diminish  in  breadth  towards  the  extremity  of  the  spic- 
ule, and  to  present  an  open  orifice  there,  into  which  the  water 
enters  when  the  spicule  is  immersed.  The  dimensions  of  these 
spicules  are  as  follows : 


Variation. 

Mrao. 

Mi 

Length, 

Diameter  at  middle,     -    -    - 
u  end,      ...    - 
"        of  central  tube,  -     - 
Ratio  of  bore  to  diara.  of  spicula, 

i-f 

Mir  '"cl> 
■s^  inch 

Mtsivv  '"cli 

A 

9 
9 
1 
3 
8 

The  chemical  and  physical  characteristics  of  this  variety  are 
apparently  identical  with  those  of  the  former. 

Both  these  varieties  are  related  to  the  spicules  of  sponges,  in 
their  general  characteristics;  and  I  learn  from  Prof.  A.  E.  Ver- 
rill  that  a  sponge  secreting  such  spicules  exists  in  the  West 
Indies.  They  may  come  from  species  of  Hyalonema,  which, 
according  to  published  descriptions,  are  Gorgonioid  corals  having 
an  axis  of  parallel  siliceous  fibers;  but  Mr.  Verrill  states  that 
the  species  of  Hyalonema  are  probably  sponges.  However  this 
may  be,  there  is  a  decided  parallel  arrangement  in  certain  por- 
tions of  the  original  mass,  and  even  a  firm  cohesion  of  little  bun- 
dles of  the  parallel  fibers,  which  may  imply  that  they  were  not 
disseminated  through  their  organic  matrix  in  the  irregular  man- 
ner usual  to  the  spicules  of  a  sponge,  but  occurred  in  a  coherent 
mass  of  parallel  fibers. 

Although  the  mass  of  spicules  is  so  light  as  almost  to  float, 
nevertheless  it  rapidly  falls  to  pieces  when  placed  in  water.  It 
is  probable  thereiore  that  it  has  not  been  thrown  up  by  the  sea 
in  its  present  form  but  is  the  residue  from  the  decomposition  of 
a  sponge  in  the  sand.  Many  sponges  have  been  frequently 
thrown  up  by  heavy  ground  swells  at  the  locality  in  which  the 
mass  was  found.  The  negroes  state  that  similar  white  masses 
have  been  observed  on  the  beach  of  the  island  of  St.  Martin. 

School  of  Mines,  Columbia  College,  New  York.    June,  1866. 


Digitized  by  VjOOQ IC 


S84 


C.  3f.  Warren  on  the  Volatile  Hydrocarbons. 


Art.  XXXIX.. 


'Researches  on   the  Volatile  Hydrocarbons  ;  by 
C.  M.  Wabren  * 


Of  toe  Calculated  Boiling-points  of  Hydrocarbons  bt  Schrodrb's 

TUEORT. 

The  subjoined  tables  exhibit  the  theoretical  boiling-points  of 
the  above  mentioned  hydrocarbons,*  as  calculated  according  to 
Schroder's  last  theory,  in  comparison  with  the  boiling-points 
actually  found.  By  this  theory,  as  already  stated,  each  double 
atom  of  carbon  (Cj)  contained  in  a  body  is  supposed  to  in6a- 
ence  the  boiling-point  by  30°,  and  each  double  atom  of  hydrogen 
(Hj)  to  influence  the  same — 10°;  from  the  sum  of  these  infla- 
ences  the  n«imber  70°  is  in  all  cases  to  be  deducted,  in  order  to 
find  the  boiling-point. 

1.  Ilydrocarhons  from  Pennsylvania  Petroleum, 

1st  Series. 


t 

Formula. 

DctermiiK^ 
Rdiling-point. 

Culc^luted  boiling 

point  by  JSchro- 

dpr*8  thj^orjr 

o 

0 
20 
40 

DifTereiice  bHweco 
Calculated  and  Deter- 
mined btiilinx  |>oinL 

c;:S:: 

5o  (?) 
302 
61-3 

o 

10  2 
21.3 

c.Ji,. 

00-4 

60 

30.4 

CjflHjg 

1195 

80 

39.5 

CisHao  / 

150-8 

100 

60.8 

2d  Sbrirs.* 


Fominla  C) 


Deiprmlncd 
Builinypoiiit. 

8-1i) 

37-0 

68-5 

981 

1276 

C.ilcninted  boiimg 

po'ni  by  tfrhro- 

der*f  lhe«»ry. 


Dj  rt*eren<-e*bel  ween 
Ciilculnted  and  Deler 
mined  boiliiig-puini. 


o 
0 
20 
40 
60 
80 


8-9 
17-0 
28-5 
881 
47-6 


So  Seriks.    (Not  completed.) 


Formula. 

Dclermlnod 
BoilinK-point 

Oalciilaml  Boiling- 
point  by  Schro- 
der's iht'ory. 

DiflTei-ence  between 
CalciilHied  and  Deter- 
mined boiling-polnL 

W2"32 

C„H„ 

o 
174-9 
195-8 
216-2 

o 
130 
150 
170 

44-9 
45-8 
46-2 

*  Concluded  from  p.  2S2. 

'  To  Avuid  uselesd  repetition,  the  hydrocarbons  from  Albert  coal  oil  win  be 
omitted  in  tbis  series  of  tables,  they  b^eiug  considered  identical  with  the  eorres- 
ponding  bodies  from  petroleum.  '  See  foot-Qote  oo  page  227. 
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2.  Hydrocarbons  from  Coal-tar  Naphtha. 


Nameofsubttonca 

Formula. 

Dctrronlncd 
botllng  point 

Calculated  boiling- 

point  by  Schroder's 

theory. 

Difl'erence  b^rwe^n 
I'olculHted  iind  deter> 
mined  boiling-point 

Benzole, 
Toluole, 
Xylole, 
Isocumole, 

80-0 
110-3 
139-8 
169-9 

o 

80 
100 
120 
140 

o 

00 
10-3 
19-8 
29-8 

The  Homolojous  Hydrocarbons  from  Oil  of  Cumin  and  Cuminie 

Acid, 


Name  of  substance. 

Formula. 

Determined 
lioiling-poiot 

161-1 
179-6 

Cnlcnlttted  boiling- 
point  bv  8chroder*8 
theory. 

Diflbrence  between 
calculated  and  deter- 
uilneU  builingpomt. 

Curaole, 
Cymojp, 

o 
140 
160 

o 
111 
19-6 

It  appears,  therefore,  that  the  theory  of  Schroder  finds  no 
support  from  any  one  of  the  different  series  of  hydrocarbons 
presented  in  these  tables.  The  discrepancy  between  the  observed 
and  calculated  boiling-points,  as  shown,  varies  from  about  10®  to 
50'  C.  This  discrepancy  is  found  to  increase  pretty  uniformly 
by  about  10°  as  we  rise  from  one  member  to  the  next  higher  in 
the  ascending  series.  In  the  series  of  the  formula  Co  Hn,  how- 
ever, the  discrepancy  is  nearly  a  constant  one,  viz.  about  46®. 
I  would  not  overlook  the  fact,  that  the  calculated  boiling-point 
of  benzole  is  absolutely  identical  with  that  found  by  experiment; 
nor  the  remarkable  coincidence,  that  the  agreement  is  almost 
perfect  between  the  probable  boiling-point,  and  that  obtained  by 
calculation,  for  the  body  of  the  probable  formula  C,  H, ,  in  the 
1st  Series  from  petroleum.  It  is  obvious,  however,  that  these 
are  merely  accidental  circumstances,  to  which  no  importance  can 
attach. 

Of  the  Caloulated  Boiling-points  or  Hydrocarbons  by  L5 wig's 
Theory,  viz.  that  One  Atom  of  Carbon  {C)  raises  the  Boiling- 
point  38**-4,  AND  One  Atom  of  Hydrogen  (H)  lowers  it  29®-2. 

Hydrocarbons  from  Pennsylvania  Petroleum. 
1st  Series. 


Formula. 

Determined 
boiling-point. 

Calculated  boiling- 
point  by  LcBwig's 
theory. 

Difference  between 
calculated  and  deter- 
mined boiling-point 

o'^o  (?) 

80-2 

61-3 

90-4 
119-5 
160-8 

o 
16-2 
33-6 
620 

70-4 

88-8 

107-2 

o 

8-4 

9-3 

20-0 

30-7 

48*6 
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2d  Seers.' 


Formula.  (?) 

Determined 
boiling-point 

Calculated  boUiog- 

point  by  IxBwig's 

theory. 

Dlflference  between 
calculated  and  deter- 
mined boiling-poiot. 

^I6"l8 

0 

8-9 
370 
68-6 
98-1 
127-6 

15^2 
83-6 
62-0 
70-4 
88-8 

o 

6-7 

8-4 

16-6 

27-7 
88-8 

Zd  Scetes.  (Not  yet  completed) 


Formula. 

Determined 
boiling-point 

Calculated  boillng- 

poiol  by  Loewig's 

theory. 

Di  (Terence  betwe4>a 
cnlcoliited  and  deter- 
mined bof  ling-point 

C„H„ 

174*^9 
195-8 
216  2 

184°0 
202-4 
220-8 

10-9 
6-6 
4-6 

A  cursory  examination  of  the  last  three  tables  will  suflBce  to 
show  that,  80  far  as  regards  the  hydrocarbons  of  the  formulae 
C„  Hn  and  Cn  Ho+,,  the  theory  of  Lovvig  also  has  no  foundation 
in  fact.  That  his  theory  did  not  hold  good  with  the  hydrocar- 
bons of  the  formula  Cn  Iln.e  was  observed  by  Lowig  himself^ 
who  found  that  it  would  place  the  boiling-point  of  benzole  at 
286°'6,  i.  e.  205°  above  its  actual  boiling-point 

Of  the  Calculated  Boiliko-points  of  Htdrocabbons  bt  Gebhardt's 

Theory. 
We  come  finally  to  test  the  law  of  Gerhardt,  above  mentioned. 
Inasmuch  as  this  law  was  especiallv  designed  to  apply  exclu- 
sively to  the  hydrocarbons, — upon  the  observed  boiling-points  of 
some  of  which  it  was  indeed  founded, — we  should  naturally  ex- 
pect to  find  this  more  in  accordance  with  facts  than  either  the 
hypothesis  of  Schroder  or  that  of  Ldwic,  both  of  which  claimed 
to  be  of  more  general  application,  and  were  framed  more  es- 
pecially with  reference  to  other  classes  of  substances.  The  facts 
presented  in  the  following  tables  will  show,  however,  that  this  is 

1.  Hydrocarbons  from  Pennsylvania  Petroleum. 
IsT  Seeies. 


Formula. 

Determined 
boiling-point. 

Colcnlated  boiling- 
point  bv  Gerliardl*8 

DilTereocc  between 
mined  boiling-point 

C«H,, 

^18^20 

0^0  (?) 

30-2 

61-3 

90-4 
119-5 
160-8 

o 

-8-0 
12-5 
330 
63-5 
74-0 
94-5 

o 

17-6 
28-3 
86-9 
45-5 
66-3 

See  foot-note  on  page  227. 
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far  from  being  the  case ;  and  that  the  theory  of  Gerhardt,  as 
well  as  those  of  Schroder  and  Lowig,  so  far  as  these  relate  to  the 
hydrocarbons,  was  by  no  means  legitimately  drawn  from  nature, 
but  is  altogether  artificial. 

2d  Series.* 


Formula.  (7) 

Detertnlned 
boiling-poiDU 

Calculated  boilinfr- 

poiDt  by  Gerhardt's 

theory. 

DifTerence  between 
calculated  and  deler- 
mioed  boiling  poim. 

o 

8-9 
870 
68-5 
98-1 
127-6 

o 

-8 
12-5 
330 
63-5 
74-0 

o 
16-6 
24-6 
35-5 
44-6 
63-6 

8d  Series. 


Formala. 

Determined 
boiling-point. 

Calculated  boiling- 
point  by  Gerhardt's 
theory. 

Diflbrence  between 
calculated  and  deter 
mined  boiling-point. 

C„H„ 

174*^9 
195-8 
216-2 

13«?0 
160-5 
171-0 

o 
44-9 
45-3 
46-2 

2.  Hydrocarhons  from  Coal-tar  Naphtha. 


Name  of  substance. 


Benzole, 
Toluole, 
Xylole, 
Isocuraole, 


Formula. 


C24"8 


Dplermloed 
boiling-point. 


800 
110-3 
139-8 
169-9 


Calculated  boiling- 
point  bv  Gerhardt's 
theory. 


93-0 
113-5 
134-0 
155-5 


Difference  between 
observed  and  calcu- 
lated boiiingpoinL 


13-0 
3-5 
6-0 

15-5 


3.  Hydrocarbons  from  Oil  of  Cumin  and  Cuminic  Acid, 


Name  of  Substance. 

v ,.      1  Determined 

Formula,    ibolling-poini. 

Calcnlnted  boil- 
ing point  by  Ger- 
hardt's theory. 

DilKrence  between 
observed  and  calcu- 
lated boiling-point. 

Cumole, 
Cymole, 
Cumo-oil  of  turpentine, 

C,eH,2     16f-l 

164*-5 
1760 
1600 

o 

-^3•4 

-4-6 
+4-6 

The  chief  conclusions  deduced  from  the  foregoing  facts  and 
considerations  may  be  briefly  summed  up  as  follows  : 

1.  That  the  boiling-point  difference  for  the  addition  of  C,  H, 
in  homologous  series  of  hydrocarbons  is  generally  80°  C,  which 
is'a  much  larger  diflference  than  has  been  commonly  supposed. 

2.  That  of  the  five  series  of  hydrocarbons  examined,  only  one 
series  was  found  exceptional  to  the  rule  just  stated,  and  this  pre- 
sented the  boiling-point  diflference  of  about  20*^,  which  is  but 

*  See  foot- note  on  page  227. 
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little  Iftrger  than  the  number  19®,  which  Kopp  found  so  common 
with  other  chisses  of  substances. 

8.  That  certain  series  of  derivatives  from  the  benzole  series  of 
hj^drocarbons  present  boiling-point  diflFerences  corresponding  to 
the  elementary  difference  of  C,H,,  considerably  smaller  than 
the  number  19*^  of  Kopp. 

4.  That  the  formulas  of  Schroder,  Lowig,  and  Gerhardt,  for 
the  calculation  of  boiling-points,  so  far  as  these  may  be  supposed 
to  relate  to  the  hydrocarbons,  are  incorrect  and  purely  artificial. 

5.  That  the  custom  of  taking  boiling-points  with  the  bulb  of 
the  thermometer  in  the  vapor  is  more  liable  to  lead  to  an  erro- 
neous determination,  at  least  in  certain  cases,  than  if  the  bulb  be 
placed  in  the  liquid. 


SCIENTIFIC    INTELLIGENCE. 

1.  Iron  regions  of  Arizona  ;  by  W.  P.  Blakb  (from  a  letter  to  J.  D. 
Dana,  dated  San  Francisco,  Cal.,  Aug.  31,  1865). — Your  note  in  the 
Journal  (xxxix,  358,)  upon  the  probable  Azoic  age  of  the  iron  ores  of 
Mexico,  described  by  Mr.  Manross,  induces  mo  to  send  you  a  notice  of  the 
great  abundance  of  specular  iron  ore  in  the  upper  part  of  Arizona,  near 
Williams  fork  of  the  Colorado,  observed  by  ine  in  1863.  The  ore  is 
chie6y  the  micaceous  variety,  and  occurs  in  thick  beds  and  in  thin  sheets 
in  a  ferruginous  limestone  or  dolomite,  evidently  metamorphic,  and  tilted 
at  a  high  angle.  The  whole  forms  a  belt  of  peculiar  appearance, 
which  may  be  traced  by  the  eye  for  miles  across  the  country  in  a  direc- 
tion a  few  degrees  south  of  west,  so  as  to  pass  over  the  Colorado,  and  into 
the  limits  of  California.  It  is  interst ratified  with  chloritic  and  taicose 
slates,  gneiss  and  granite,  and  the  series  has  yielded  both  copper  ores  and 
gold.  The  iron  ore  is  found  in  large  boulders  or  blocks  in  most  of  the 
ravines;  and  as  it  resists  decomposition  by  the  weather  better  than  the 
limestone,  it  stands  out  upon  its  surface  in  rough  sharp  ridges.  Numer- 
ous spei'imens  of  similar  ore  were  collected  in  the  ranges  north,  and  on 
the  Cerbat  and  Aquarius  mountains,  by  Lt  Whipple's  party  in  1863,  of 
which  Mr.  Mnrcou  was  the  geologist  It  would  thus  appear  that  the 
ferruginous  formation  extends  over  a  considerable  area  north  and  south, 
and  it  may  possibly  be  connected  with  the  Mexican  series,  and  bo  pre- 
silurian.  The  antiquity  of  the  Aztec  and  the  Aqnarius  ranges  and  the 
metamorphic  region  aliout  them,  as  compared  with  the  Sierra  Nevada 
and  the  Uocky  mountains,  was  commented  on  by  me  in  vol.  iii,  p.  59  of 
the  Pacific  R.  R.  Reports.  At  Williams  fork  a  heavy  white  sand-rock  and 
a  conglomerate,  of  ancient  appearance,  overlie  the  granitic  and  meta- 
morphic series  unconformably.  [If  the  above  iron-bearing  rocks  are 
true  pre-silurian,  they  afford,  we  believe,  the  first  example  yet  published 
of  such  rocks  being  auriferous.  The  beds  of  iron  ore  to  be  of  value  as 
evidence  of  age  should  be  of  extraordinary  thickness. — ^j.  d.  d.] 

2.  On  an  oil-well  boring  at  Chicago  ;  by  Geo.  A.  Shufbldt,  Jr.  (From 
a  letter  to  Vtot  Erni,  dated  Chicago,  Sept  16,  1865,  and  communicated 
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for  this  Jouroal.) — I  have  recently  bored  a  well  at  Chicago  111  feet  m 
depth.  The  suiface  rock  is  the  Upper  Silurian ;  for  the  first  forty  feet  it 
is  porous  and  much  decomposed  ;  and  it  is  so  filled  with  petroleum  that 
when  exposed  to  the  sun  the  oil  oozes  out,  and  the  rock  will  burn  almost 
like  coal.  From  this  rock,  when  the  well  was  forty  feet  deep,  I  pumped 
100  gallons  of  oil,  but  the  fountains  or  sources  of  the  oil  were  evidently 
much  deeper,  as  the  drill  proved.  The  next  stratum,  200  feet  thick,  is 
what  we  call  here  Joliet  marble,  from  the  name  of  the  place  where  it 
outcrops;  it  is  a  yellowish-white  stone  and  very  compact,  and  affords  no 
signs  of  oil.  Next  below,  for  200  feet,  there  are  bands  of  grey  limestone 
with  oil  in  the  seams;  then  a  band  of  shale,  156  feet  thick,  saturated 
with  petroleum.  This  shale  I  understand  separates  the  Upper  and  Lower 
Silurian,  and  where  it  (the  shale)  rests  upon  the  underlying  rock,  oil  was 
found  in  considerable  quantities.  Beneath  this  shale  we  entered  the  first 
band  of  sandstone  rock  of  a  reddish  color,  abounding  in  oil,  and  having 
a  thickness  of  7 1  feet. 

At  a  depth  of  711  feet  we  penetrated  a  stream  of  water  which  stopped 
further  progress.  This  water  is  perfectly  limpid,  and  is  free  from  all 
traces  of  sulphur  or  other  disaffreeable  minerals,  and  flows  600,000  gal- 
lons of  water  per  day  through  a  3^  inch  orifice.  Its  head  is  120  feet 
above  Lake  Michigan. 

3.  On  the  Drift  in  Brazil,  and  on  decomposed  rocks  under  the  Drift ; 
from  recent  observations  by  Prof.  Agassiz.  Communicated  for  this  Jour* 
nal  by  Alexander  Agassiz. — At  Tijuca,  a  cluster  of  hills  about  1,800 
feet  high,  and  about  seven  or  eight  miles  from  Rio,  there  is  a  dtift  hill 
with  innumerable  erratic  boulders  as  characteristic  as  any  ever  seen  in 
New  England.  Prof  A.  had  before  seen  unmistakable  traces  of  drift  in  the 
Province  of  Rio  and  in  Minas  Geraes ;  but  there  was  everywhere  con- 
nected with  the  drift  itself  such  an  amount  of  decomposed  rocks  of  vari- 
ous kinds,  that  it  would  have  been  difilcult  to  satisfy  any  one  not  familiar 
with  drift  that  there  is  here  an  equivalent  of  the  northern  drift.  There 
is  found  at  Tijuca  the  most  palpable  superposition  of  drift  and  of  decom- 
posed rocks,  with  a  distinct  line  of  demarcation  between  the  two. 

This  locality  afforded  an  opportunity  of  contrasting  the  decomposed 
roaks,  which  form  a  characteristic  feature  of  the  whole  country,  with  the 
superincumbent  drift,  so  as  to  be  able  hereafter  to  distinguish  both, 
whether  found  in  contact  or  separately.  These  decomposed  rocks  are 
quite  a  new  feature  in  the  structure  of  the  surface  of  the  country.  Gran- 
ite, gneiss,  mica  slate,  clay  slate,  in  fact  all  the  various  kinds  of  rocks 
usually  found  in  old  metamorphic  formations  are  reduced  to  the  condition 
of  a  soft  paste,  exhibiting  all  the  mineralogical  elements  of  the  rocks  as 
they  may  have  been  before  they  were  decomposed,  but  now  completely 
disintegrated,  and  resting  side  by  side  as  if  they  had  been  accumulated 
artificially.  Through  this  loose  mass  there  were  here  and  there  larger  or 
smaller  veins  of  quartz  rock,  or  of  granite  or  other  rocks,  equally  disin- 
tegrated ;  but  they  retain  the  arrangement  of  their  materials  showing 
them  to  be  disintegrated  veins  in  large  disintegrated  masses  of  rocks. 
The  whole  passes  unmistakably  to  rocks  of  the  same  kind  in  which  the 
decomposition  or  disintegration  is  only  partial,  or  no  trace  of  it  is  visible, 
and  the  whole  mass  exhibits  then  the  appearance  of  a  set  of  ordinary 
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metamorphic  rocks.  I  tis  plain  that  such  masses  forming  everywhere 
the  surface  of  the  country  must  be  a  great  obstacle  to  the  study  of  erratic 
phenomena,  and  it  is  not  wonderful  that  those  who  seem  familiar  with  the 
country  should  entertain  the  idea  that  the  surface  rocks  are  everywhere 
decomposed,  and  that  there  is  do  erratic  formation  or  drifl  here.  But 
upon  close  examination  it  is  easy  to  see  that,  while  the  decomposed  rocks 
consist  of  the  small  particles  of  the  primitive  rocks,  which  they  repre- 
sent, with  their  veins  and  all  other  characteristic  features,  there  is  not  a 
trace  of  larger  or  smaller  boulders  in  them ;  while  the  superincumbent 
drift  consisting  of  similar  parts  does  not  show  the  slightest  sign  of  the 
indistinct  stratification  characteristic  of  the  decomposed  metamorphic 
rocks  below  it,  nor  any  of  the  decomposed  veins,  but  is  full  of  various 
kinds  of  boulders  of  different  dimensions.  The  boulders  have  not  yet 
been  traced  to  their  origin;  the  majority  consist  of  a  kind  of  greenstone, 
composed  of  nearly  equal  amounts  of  a  greenish  black  hornblende  and 
feldspar.  This  greenstone  is  said  by  mining  engineers  to  be  found  in  the 
Entre  liios  on  the  Parahyba,  where  iron  mines  are  worked  in  a  rock 
like  these  boulders.  Thus  far  evidence  has  been  furnished  of  the  action 
of  glaciers  only  in  the  extensive  accumulations  of  drift  similar  in  its 
characteristics  to  northern  drift,  but  no  trace  has  been  found  of  glacial 
action,  properly  speaking,  such  as  polished  surfaces,  scratches  and  furrows. 
The  decomposition  of  the  surface  rocks  to  the  extent  to  which  it  takes 
place  here  is  very  remarkable,  and  points  to  a  geological  agency  thus  far 
not  fully  discussed  in  our  geological  theories.  It  is  obvious  that  the 
warm  i^ins  falling  upon  the  heated  soil  must  have  a  very  powerful  action 
in  accelerating  the  decomposition  of  rocks;  it  is  like  torrents  of  hot 
water  falling  for  ages  in  succession  upon  hot  stones,  and  instead  of  won- 
dering at  the  amount  of  decomposed  rocks,  we  should  rather  wonder  that 
there  are  any  rocks  left  in  their  primitive  condition. 
4.  Mining  Statist  ici  of  Great  Britain  for  1864. — 

Prodace  of  inineA. 
Coal,  -  ...  -     92,787,873  tons. 

Iron  ore,  ....  10,064,890     " 

Pig  iron,    -  -  .  -  -       4,767,961     " 

Copper  ore,     ....  214,604     ** 

Metallic  copper,      ....  13,302     •* 

Lead  ore,         .  .  •  .  94,483     " 

MeUlliclead,  -  -  -  -  91,283     « 

Silver  (from  lead  ore),  -  -  641,088  ooncet. 

Zinc  ores  (nearly  all  sulphuret),       -  -  15,407  tons. 

Metallic  zinc,  -----  4,040  " 
Iron  pyrites  (for  sulphuric  acid  and  soda  works),  94,458  " 
Tin  ore,  .....     15,211     ** 

Metallic  tin,  ...  -  io,108     " 

Gold  (from  Merionethshire),     -  .  -     2,887  ounces. 

The  gross  value  of  the  above  mineral  products  was  89,979,837^.  There 
were  2,351,342  tons  of  coal  taken  to  London  in  1864  and  1,786,713  tons 
in  1863.  Eight  and  a  half  millions  of  tons  of  coal  were  exported  in 
1864,  and  nearly  half  a  million  of  tons  of  iron. — Athen.^  Aug,  19. 
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5.  Cretaceous  Reptilee  of  the  United  States,  by  Joseph  Lbibt,  M.D. 
136  pp.  4to,  with  20  plates.  From  the  Smithsonian  Contributions  to 
Knowledge,  vol.  xiv,  1866. — Dr.  Leidy  has  here  described  in  detail  and 
figured  with  great  beauty  and  perfection,  the  Saurian  remains  of  the 
American  Cretaceous.  The  species  included  are  the  following  Thoraco' 
saurus : 

Bottosaums  Harlini,  undetermined  species  of  Crocodiles,  Hyposaurus 
Roger sii,  Diseosaurus  vetustus^  Cimoliosaurus  magnus^  Piratosaurus  pit- 
caius,  Mosasaurus,  Macrosaurus  loevis,  Polygonodon  vetus,  Hadrosaurus 
Foulkii^  undetermined  reptiles  allied  to  Hadrosaurus,  Astrodon  John- 
stoni\  Tomodon  horrifieus^  Pliogonodon  priscus,  Chelonia,  Chelone  sopita^ 
Chelone  ornala,  Emys  firtaus^  Emys  beatusj  Emys  pravus,  Platemys  sul- 
catuSy  Bothremys  Cookiiy  Trionyx  priscus. 

6.  Note  on  the  Discovery  of  Rhizopods  in  the  Azoic ;  by  Jambs  D. 
Dana. — It  may  be  thought  that  the  recent  discovery  of  the  Eozoon  in 
the  Laurentian  of  Canada  is  at  variance  with  the  writer's  Manual  of 
Geology,  in  which  the  Laurentian  is  styled  Azoic,  But  in  truth  the  book 
and  facts  are  in  more  perfect  harmony  for  the  discovery  made  since  its 
publication.  The  author  suggests  on  page  147  that  Rhizopods  may 
have  existed  in  the  Azoic  along  with  lime-secreting  marine  vegetation, 
as  the  sources  of  the  material  of  the  Azoic  limestone  strata ;  and  on 
page  596,  after  alluding  to  marine  locomotive  (animal-like)  Protophytes 
with  other  Algae  as  probably  commencing  in  the  Azoic,  and  as  iha  first 
of  comprehensive  types,  it  is  added : 

"The  Protozoans  (Rhizopods,  etc)  may  have  been  the  associated  spe- 
cies of  the  superior  group,  as  remarked  on  page  147.  The  two  are  alike 
in  extreme  simplicity  of  organization.  In  Algse  the  Radiate  type  of 
structure,  characteristic  of  the  typical  plant,  is  not  brought  out ;  and  in 
Protozoans  neither  of  the  four  great  Animal  types  appears, — the  Radi- 
ate, MolluAcan,  Articulate,  or  Vertebrate.  If,  therefore,  these  simple  spe- 
cies existed  in  the  Azoic  era,  they  were  systemless  life,  and  only  fore- 
shadowed the  great  systems  of  life  which  were  afterwards  displayed 
according  to  their  respective  types  in  the  true  Zoic  ages.'' 

The  reader  will  apprehend  the  full  bearing  of  this  sentence  if  he  will 
re-peruse  the  chapter  on  the  Progress  of  Life  from  which  it  is  taken. 

7.  Report  on  the  Mines  of  New  Mexico  ;  by  Prof.  R.  E.  Owen,  Geolo- 
gist, and  K  T.  Cox,  Geologist  and  Chemist.  60  pp.  8vo.  Washington, 
1865. — This  pamphlet  gives  a  brief  notice  of  the  general  geology  of  the 
region  examined.  It  mentions  a  five-foot  bed  of  bituminous  coal  of  Cre- 
taceous age  in  the  Raton  Mountain  close  to  the  stage  road ;  and  two 
miles  N.E.  of  Santa  Fe,  a  thin  bed  of  coal  with  coal-plants  and  other  fos- 
sils (Produetus  Cora^  P.  semireticulatus,  drc.)  of  the  Carboniferous  forma- 
tion. At  the  Organ  Mts.,  in  the  southern  part  of  the  territory,  the  Car- 
boniferous limestone  is  converted  into  crystalline  marble;  and  at  the 
Hannover  copper  mines,  it  is  partly  fossiliferous,  and  partly  so  crystal- 
lized as  to  resemble  the  adjoining  granite  rock.  Iti  the  same  region  there 
is  a  bed  of  magnetic  iron  ore,  "forming  a  b^lt  75  to  100  feet  wide," 
and  near  the  junction  with  the  stratified  rocks  there  is  an  iron  breccia. 
The  carboniferous  limestone,  with  P,  Cora^  was  found  in  the  Jemez  valley 
and  Canon  of  San  Diega     Near  the  Placer  Mtn.,  a  bed  of  true  anthra- 
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cite,  nearly  5  feet  thick,  exiftts,  due  to  a  porphyritic  dike  intersecting  tbe 
Carboniferous  fornQation  which  is  much  tilted.  The  authors  state  that 
this  metaraorphisiu  and  disturbance  must  have  taken  place  after  the  Car- 
boniferous age. 

8.  Defense  des  Colonies:  III,  Etude  G6n6rale  sur  nos  Etages  G-H, 
avec  application  sp6ciale  aux  environs  de  Hlubocep,  pres  Prague ;  by 
Joachim  Barrande.  368  pp.  8vo.,  with  a  chart  and  a  sheet  of  profiles. 
1865.  Prague  and  Paris. — Barrande  has  discussed  in  this  work  the  sub- 
ject of  **  Colonies"  as  connected  with  the  distribution  of  Paleozoic  fossils, 
in  a  way  to  command  attention  and  excite  an  interest  in  his  views.  The 
▼olume  is  also  very  valuable  for  the  review  it  gives  of  the  paleontology  of 
Bohemia.  No  justice  to  the  work  can  be  done  in  a  brief  notice — which 
is  all  that  our  space  in  this  number  will  allow ;  and  we  commend  the  vol- 
ume entire  to  all  interested  in  geological  science. 

9.  Supplement  to  Ike  Ichnology  of  New  England. — A  Report  to  the 
Government  of  Massachusetts  in  1863.  By  Edward  Hitchoock,  D.D., 
LL.D.,  late  Professor  of  Geology  in  Amherst  College.  96  pp.  4to,  with 
20  plates.  Boston,  1865. — ^This  Report,  the  last  work  of  the  late  Profea- 
•or  Hitchcock,  contains  descriptions  and  illustrations  of  new  species  of 
tracks,  among  which  are  some  strange  forms,  well  termed  enigmatical. 
A  number  of  the  plates  are  fine  photographs,  a  style  of  illustration  espe- 
cially important  for  the  minute  tracks,  like  those  of  insects,  and  excellent 
for  all.  The  bones  of  the  right  foot  of  the  Saurian  remains  found 
near  the  water-shops  of  the  Armory  at  Springfield,  and  partly  described 
and  commented  upon  by  Professor  J.  Wyman  at  p.  187  of  the  Ichnol- 
ogy, are  figured  on  one  of  the  plates  of  this  Supplenaent.  The  opinion 
of  Professor  Owen  of  London  is  given  that  they  belonged  to  a  Saurian 
with  an  unusually  thin  and  compact  wall  of  bone  in  the  limb  bones, 
which,  however,  might  have  been  occupied  by  unossified  cartilage,  as  in 
the  young  crocodile  and  turtle;  if  they  were  tilled  with  oil  or  light  mar- 
row, it  would  indicate  a  relation  to  Pterodactyles  or  Birds.  The  species 
is  named  Megadaclylus  polgzelus. 

10.  New  Dinosaurian  from  the  Wealden  Formation^  Isle  of  Wight. — 
A  new  Dinosaurian,  for  which  Prof.  Owen  has  proposed  the  name  Poly- 
aeanthits  (from  noXvg  many  and  axavOog  spine\  has  been  found  by  Rev. 
W.  Fox.  The  animal  was  over  6  feet  long  from  the  shoulder  to  the 
rump,  had  a  massive  tail  5  feet  long,  legs  about  4  feet  long,  and  a  broad 
short  foot.  It  had  a  bony  armor  made  of  plates  from  ^  in.  to  4  in.  broad, 
and  ^  in.  thick,  excepting  along  the  back,  over  which  there  was  a  great  bony 
shield ;  and  along  the  sides  of  the  body  and  tail  there  were  spine-like 
bones,  some  of  which  are  15  in.  long  and  weigh  7  pounds. — AUiencmm^ 
Aug.  5. 

11.  Seaside  Studies  in  Natural  History ;  by  Elizabeth  C.  Aoassb 
and  Alexander  Aoassiz.  Marine  Animals  of  Massachusetts  Bay.  Ra- 
diates. 156  pp.  8vo.  Boston,  1865.  (Ticknor  <k  Fields.) — The  tend- 
ency of  summer  travel  to  the  seashore  is  creating  a  demand  for  popular 
works  on  the  life  of  the  waters.  The  ''Seaside  Studies"  will  be  wel- 
comed as  a  beautiful  and  attractive  beginning  in  this  department  of  lit- 
erature. We  say  beginning,  because  it  takes  up  but  a  single  branch — 
that  of  the  Radiates,  and  is  confined  mainly  to  the  apeciea  of  Masanchn- 
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settt  Bay.  The  work  is  exact  in  its  science  as  well  as  popnlar  in  stjie, 
and  is  in  fact  a  contribution  to  science  which  the  most  learned  may  read 
with  profit.  The  text  is  mainly  from  the  graceful  pen  of  Mrs.  Agassiz, 
and  the  work  is  dedicated  to  her  husband,  Prof.  L.  Agassiz.  The  illus- 
trations are  numerous  and  excellent,  and  the  printing  and  paper  all  that 
could  be  desired. 

12.  JSntomoloffical  Society  of  Philadelphia. — The  publication  commit- 
tee of  this  Society  propose  to  publish,  and  issue  gratuitously,  an  occasional 
bulletin,  under  the  title  of  ^* The  Practical  Entomologist,"  in  which  papers 
on  the  insects  injurious  and  beneficial  to  vegetation  will  be  given  for  the 
benefit  of  the  American  farming  interest  They  express  in  their  circular 
(dated  September,  1865,)  the  hope  that  the  information  imparted  through 
this  medium  will  be  of  use  to  the  agriculturists  of  the  country,  by  lead- 
ing them  to  study  criticallv  the  Entomological  fauna  which  surrounds 
them,  and  to  derive,  from  their  knowledge  thus  acquired,  the  power  to 
increase  the  production  of  their  crops  and  develop  the  interest  which  they 
represent  It  is  a  singular  fact  that  some  of  our  commonest  and  most 
injurious  insects  are  least  known.  Our  Cotton,  Hop,  and  various  other 
crops  suffer  at  times  immensely  from  insects  whose  habits  we  little  under- 
stand. The  Society  aims  by  its  publication  to  bring  out  the  true  history 
of  each  and  all  of  our  noxious  insects ;  and  it  is  believed  that,  this  at- 
tained, simple  remedies  will  suggest  themselves,  which  in  certain  cases 
may  be  merely  burning  the  stubble  and  vigorous  fall  ploughing. 

They  ask,  in  order  that  their  plan  may  be  carried  out,  that  those  hav- 
ing information  will  send  it  by  leUer  to  the  Secretary  of  the  institution, 
at  Ko.  618  South  Thirteenth  Street,  Philadelphia,  along  with  alcoholic 
^  phials  containing  specimens  of  the  noxious  insects  of  the  region.  They 
also  desire  papers  from  scientific  observers  for  the  *^  Practical  Entomolo- 
gist,'' as  only  the  active  cooperation  of  all  interested  parties  will  insure 
success  in  an  undertaking  which  is  a  labor  of  public  benefit,  without 
moneyed  recompense. 

13.  ^  classification  of  Molluscd  based  on  the  Principle  of  Cephaliza- 
tion  ;  by  Edward  S.  Morse.  20  pp.  8vo.  From  the  Proceedings  of  the 
Essex  Institute. — A  very  valuable  original  paper,  based  on  researches  in 
Molluscan  development  and  bearing  on  the  general  subject  of  zoological 
codification.     We  may  cite  from  the  paper  in  a  future  number. 

14.  Natural  History :  A  Afantutl  of  Zoology  for  Schools,  Colleges^ 
and  the  General  Reader  ;  by  Sanborn  Tknney,  A.  M.,  author  of  **  Q^ 
o^ogy"  ^Tot  Nat  Hist  in  Vassar  Female  College.  640  pp.  12mo; 
illustrated  with  600  woodcuts.  New  York.  1865.  (C.  Scribner.)— The 
American  student  in  zoology  will  find  Prof.  Tenney's  Manual  a  very  con- 
venient and  useful  work.  It  goes  over  the  animal  kingdom,  commen- 
cing with  the  highest  class,  that  of  Mammals,  and  illustrates  the  various 
subdivisions  with  descriptions  and  figures,  mentioning  and  figuring  par- 
ticulariy  North  American  species.  Each  of  the  prominent  groups  is  thus 
presented  to  the  eye  by  means  of  excellent  wood-cuts  of  animals  accesi- 
ole  to  the  American  student,  and  with  a  large  number  of  them  consider- 
ing the  size  of  the  work.  The  Manual  is  well  calculated  to  make  the 
study  of  zoology  popular  and  easy.  It  &ils  of  any  introductory  chaptera 
on  the  structure  of  animals. 
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15.  On  a  solar  halo,  seen  at  Craw/ordsville,  -htrf.,  (lat  40*^03');  by 
Prof.  J.  L.  Campbell.  (In  a  letter  to  the  Editors,  dated  Wabash  College, 
Crawfordsviile,  May  27,  1865.) — Herewith  I  submit  a  report  of  the  re- 
markable appearances  in  the  atmosphere  on  May  26tb,  1865. 

The  morning  was  hazy  and  cool — the  thermometer  at  5  ranging  about 
48^  to  50'. 

About  nine  o'clock  a  series  of 
halos  or  rings  began  to  form  about 
the  sun,  and  continued  to  increase 
in  brilliancy  until  near  noon — 
then  slowly  disappeared  during 
the  afternoon — traces  being  visi- 
ble at  six  o'clock  in  the  afternoon. 
The  accompanying  diagram  is  a 
correct  representation  of  the  phe- 
nomenon as  it  appeared  at  twelve 
o'clock,  noon. 

The  most  brilliant  ring  was  de- 
scribed about  the  sun  as  a  center 
with  an  angular  radius  (S£)  of 
twenty- two  degrees  by  careful 
measurement 


-,,       ,       J  ...  „  S  (Sun),  Primary  center;   «,  o^, 

The   bands  were  whiU,  yellow,  center;  B  ond  C,  Tertiary  center. ; 


A,  Secondary 
inters;   Kadias, 

red  and  green.  The  white  was  BE=2io=AD,  SM=44o';  MD,  Grand  axi* 
exceedingly  brilliant.  The  yellow  7=^^;  Ba«>meter  29 72 in.;  Thermonieier 
and  red  were  also  very  bright 

The  breadth  of  this  series  of  bands  forming  the  primary  ring  was 
about  one  and  a  half  degrees. 

Th^  arc  MLG  described  about  the  sun  as  a  center  with  a  radios  of 
forty-four  degrees  presented  less  brilliant,  but  well  defined  colors  in  the 
reversed  order, — the  white  band  being  on  the  outer  circumference,  and 
the  green  within, — with  another  inneK  band  of  violet. 

At  A  on  the  circumference  of  the  primary  circle,  the  center  of  the 
second  circle  was  located.  The  radius  of  this  circle  was  the  same  as  that 
of  the  primary — its  circumference  passing  directly  through  the  sun. 

The  ring  was  chiefly  white  light,  of  less  brilliancy  than  the  primay, 
yet  very  sharply  marke<l  throughout  its  entire  circumference. 

From  D  the  arcs  DF  and  \)Q  branched  oflf  symmetrically  with  refer- 
ence to  the  axis  MSD,  indicating  the  centers  of  curvature  at  B  and  C, 
the  intersections  of  the  secondary  circle  with  the  primary. 

These  arcs  were  of  white,  well  defined,  mellow  light. 

The  long  continued  and  well  defined  manifestation  of  the  phenomenon 
enabled  us  to  take  all  our  observations  very  carefully,  and  to  repeat  them 
for  farther  accuracy. 

The  geometrical  relations  of  the  centers  of  these  curves  are  curious 
and  interesting,  and  the  record  of  these  positions  may  be  of  some  value 
in  connection  with  future  observations  of  the  same  character. 

In  explanation  of  these  appearances  there  are  some  difficulties  not 
hitherto  presented  in  discussing  halos.  For  the  present  the  reoord  of 
the  facts  only  is  made. 
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1 6.  British  A9sociati(m  at  Birmingham, — The  meeting  of  the  British  As- 
sociation opened  at  Birmingham  on  the  6th  of  September,  Professor  Phil- 
lips being  tbe  PresidenL  The  number  of  members  at  the  meeting  during 
the  week  following  was  about  1,400,  and  besides  these  there  were  present 
608  ladies  and  23  foreigners.  The  funds  received  amounted  to  2227/. ; 
and  nearly  this  amount  was  set  apart  for  various  scientific  investigations  in 
astronomy,  physics,  zoology,  geology,  &c.,  including  36/.  for  oyster  cul- 
ture. The  number  of  papers  read  was  two  hundred  and  sixty.  We 
have  no  space  in  this  number  for  a  notice  of  the  Proceedings.  The  next 
meeting  will  be  held  at  Nottingham. 

1 7.  Sy sterna  Naturae  of  Linnceus. — By  letter  from  Prof,  A.  E.  Nor- 
denskiold  of  Stockholm  we  learn  that  the  Academy  of  Sciences  of  Sweden 
is  about  to  have  printed  a  new  photo-lithographic  edition  of  the  first  edi- 
tion of  Linnteus's  Systema  Naturse ;  and  he  adds,  that  **  To  enable  us  to 
judge  how  many  copies  may  be  sold  it  would  be  of  some  interest  to 
have  an  idea  of  the  probable  extent  of  its  sale  in  the  United  States." 
This  first  edition  of  Linnaeus  consists  of  only  13  to  14  leaves  in  folio  and 
still  contains  the  rudiments  of  all  his  great  productions.' 

1 8.  New  Planet — Planet  No.  (g)  was  discovered  on  Aug.  25,  by  Dr. 
Luther,  of  tbe  Observatoray  at  Bilk,  near  DUsseldorf.  On  the  day  of 
discovery  at  lOh.  46m.  28s.,  Bilk  mean  time,  its  A.  R.  was  323**  37'  49-1", 
and  its  declination  N.  14°  20'  47*1".     It  has  been  named  Clio. 

19.  Italian  Society  of  Natural  Sciences, — An  extraordinary  meeting 
of  this  Society  was  held  at  Spezzia  on  the  17th  of  September. 

20.  Prof,  Berlhelot. — A  chair  of  Organic  Chemistry  has  been  founded 
at  the  College  of  France,  and  Prof.  Berthelot  appointed  to  fill  the  place. — 
Header,  Sepi,  2. 

21.  Statue  of  Arago. — An  inauguration  of  the  statue  of  Arago,  erected 
at  his  birthplace,  Estagel,  in  the  Basses  Pyrenees,  took  place  on  the  31st 
of  August.  His  son,  dissatisfied  that  he  had  not  received  a  special  invi- 
tation, and  because  there  was  no  commemoration  of  his  father^s  political 
services-,  declined  to  be  present. — Header^  Sept,  9. 

21.  Chambers's  Encyclopedia.— F oris  94,  95,  96,  97  of  this  valuable 
Encyclopedia,  extending  to  RID.,  have  been  issued  by  the  American  pub- 
lishers, J.  P.  Lippincott  &  Co. 

OBITUART. 

Admiral  William  Henry  Smith. — Admiral  Smith  died  at  his  resi- 
dence near  Aylesbury,  Sept.  9th,  at  the  age  of  77.  He  had  acted  as 
President  of  the  Astronomical  Society,  and  of  the  Geographical  Society, 
Vice  President  of  the  Royal  Society,  and  Director  of  the  Society  of  Anti- 
quarians. He  retired  in  1825  from  naval  life,  and  published  in  1844  the 
•'Cycle  of  Celestial  Objects,"  including  the  "Bedford  Catalogue,"  an  ex- 
cellent handbook  of  practical  Astronomy,  a  result  of  a  series  of  astro- 
nomical observations  in  his  Observatory  at  Bedford.  He  also  published 
many  works  or  memoirs  on  Geographical  and  other  subjects. — From  a 
notice  in  Header,  Sept.  1 6. 

Hugh  Cummino,  died  in  London,  on  the  10th  of  August  last,  at  the 
age  of  74.     He  commenced  his  journeyings  in  behalf  of  natural    his- 

'  If  persons  desiring  tbe  book  will  so  write  tbe  Editors  of  this  Journal  they  will 
communicate  the  result  to  the  Swedish  Academy. 
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tory,  especially  conchology,  in  1826,  when  be  built  a  yacht  for  the  pui^ 
pose,  and  undertook  a  cruise  of  more  than  a  yearns  length  among  the 
islands  of  the  South  Pacific.  Returning  to  Valparaiso,  he  prepared  for 
explorations  along  the  western  coast  of  southern  South  America,  where  he 
continued  for  two  years  collecting  in  all  departments  of  zoology.  In 
1835  be  started  on  a  new  expedition  of  four  years  to  the  Philippine 
Islands,  and  made  there  vast  collections  in  botany  and  zoology.  During 
tb«  twenty -five  years  since  his  return  from  the  East  Indies,  he  was  occu- 
pied mainly  with  the  arrangement  and  extension  of  bis  collections.  He 
nad  long  been  subject  to  chronic  bronchitis  and  an  asthmatic  affection,  and 
these  were  finally  the  occasion  of  his  death. — From  a  notice  in  Atken^ 
Aug.  19. 

J  OH  ANN  Franz  Encks. — Enckb,  the  Director  of  the  Berlin  Observa- 
tory, died  at  Spandau,  on  the  26th  of  August,  1865.  He  was  bom  on  the 
2dd  of  September,  1791,  at  Hamburg,  where  his  father  was  a  clergyman. 

WiLUAM  Rowan  Hamilton. — Sir  Wm.  Rowan  Hamilton,  As^trono- 
mer  Royal  for  Ireland,  died  on  the  2nd  of  September,  at  the  age  of 
sixty.  He  became  known  as  a  mathematician  of  extraordinary  genius 
when  he  was  about  twenty  years  old. 

His  papers  on  systems  of  rays,  on  the  methods  of  dynamics,  on  alge- 
bra looked  at  as  the  science  of  pure  time,  on  discontinuous  functions,  on 
equations  of  the  fifth  degree,  and  bis  new  algebra^  the  Quaternions^  can- 
not be  popularized.  But  there  is  one  little  result  of  which  an  idea  can 
be  given,  one  of  the  earliest  of  Hamilton's  discoveries,  and  one  which 
alone  would  carry  down  his  name  to  posterity.  Hamilton  found,  from 
optical  theory  alone,  by  reasoning  on  the  properties  of  light,  that  under 
certain  circumstances  a  ray,  instead  of  being  refracted  as  a  ray,  should,  if 
the  theory  were  true,  split  into  a  cone  of  rays.  This  conical  refraction^ 
on  being  looked  for  under  the  proper  circumstances  by  Prof.  Lloyd,  was 
actually  found  to  exist.  No  such  phenomenon  had  ever  been  even  imag- 
ined ;  and  it  may  be  justly  said  that  no  more  remarkable  triumph  of  the- 
oretical prediction  had  then  occurred  in  the  history  of  science.  If  we 
must  add  to  it,  as  a  match,  the  prediction  of  Neptune  by  Leverrier  and 
Adams,  each  of  these  brilliant  feats  does  honor  to  the  other.  Sir  W.  R. 
Hamilton  was  a  man  of  very  wide  pursuits,  and  very  varied  talents ;  he 
was  a  scholar,  a  metaphysician,  and  a  poet.  He  was  beloved  for  the 
kindness  of  his  heart,  and  respected  for  the  integrity  of  his  character. — 
From  a  notice  in  Athen^  Sept,  9. 

John  T.  Plummbr,  M.D. — Dr.  Plummer  died  on  the  10th  of  April,  at 
his  residence  in  Richmond,  Indiana,  aged  58  years.  He  was  a  graduate 
of  the  Medical  School  of  Yale  College  in  1628.  While  not  making 
chemistry  and  natural  science  his  special  study,  he  made  collections  and 
observations  in  difiierent  departments,  and  formerly  contributed  short 
papers  to  the  pages  of  this  Journal,  and  to  those  of  the  Journal  of  Phar- 
macy. He  was  a  member  of  the  Society  of  Friends  (Quakers),  and  one  of 
the  best  of  men.  He  was  averse  to  all  public  show,  and  quiet  and  unobtru- 
sive to  an  extreme.  He  has  left  numerous  manuscripts,  the  larger  part 
of  which  relate  to  the  Society  of  Friends,  of  which  he  was  one  of  the 
most  influential  members. 
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Abbej  (7.,  transparency  of  atmosphere,  viii, 
28. 

Bmnnow^s  method  for  comet's  ele- 
ments, viii,  79. 
Abbeville,  human  remains  at,  vi,  133, 402, 
.    viii,297. 

Abbott^  F.y  notes  on  n  Argns,  vii,  294. 
Abd-el-Kader,  sa  Vie,  noticed,  vl,  407. 
Absorption  of  gases  by  charcoal,  vi,  411. 
of^  carbonic  acid,  xl,  127. 
and  radiation  of  heat  by  gases,  U,  100. 
Academy  of  Sciences,  National,  v,  462,  vii, 
446,  447,  Ix,  114,234. 
American,  see  Ambbican  and  Phila 

DSLPHIA. 

Acclimation,  Nicms,  i,  272,  il,  102, 103. 
in  Australia,  iii,  438,  viii,  800,  tx,  84. 
Acetate  of  ethyl,  bromine  and  bromhydric 

acid,  vi,  42. 
Acetvlene,  Berthefot  on,  i,  118,  v,  115. 

from  monobromid  of  ethylene,  ii,  414. 
Achromatic  object  glass,  new,  vi,  446» 
Acid,  cobaltic,  mnJMer,  viil,  266, 
Acids,  monocarbon  to  dicarbon,  viii,  266. 
organic,  ii,  412. 

influence  on  germination,  vii,  876. 
Actteonids,  Mee^  v,  84. 
Actlnophrys  Eichomii,  Clark^  viii,  831. 
Adulteration  with  oil  of  turpentine,  ix, 

273. 
Aerolites,  see  Mbteoritbs. 
Aether,  v.  Ether. 
African  explorations,  noticed,  i,  59,  iii, 
259,  iv,  87.  vii,  75,  87, 146,  445. 
desiderata  in,  v,  242. 
fossils,  Rubidae,  xl,  123. 
Agardhy  Species  Algarum,  noticed,  vll,  286. 
Agastiz^  X,  on  tentacles  of  Medusae,  no- 
ticed, V,  800. 
on  Annelids,  etc.,  noticed,  v,  300. 
on  Echinoderms,  noticed,  viii,  180. 
on  stor-flsh,  noticed,  xl,  129. 
Ageutiz,  JS,  C,  Seaside  Studies,  noticed, 
xl,892. 

Am.  Joim.  Soi.— ^Booin)  Sbbibb,  Vol. 
51 


AgcuMz,  X.,  new  Sauroid  remains,  ill,  188. 
GUI  on  Saunll,  v,  299. 
Megatherium,  vi,  800. 
report  on  Museum  Comp.  Zoology 
quoted,  viil,  128. 
on  drift  in  Brazil,  xl,  889. 
contributions  to  Nat.  Hist,  of  U.  S., 
noticed,  I.  295. 

expedition  of,  to  S.  A.,  ix,  871,  xl,  188, 
889. 
Agricultural  chemistry;  soil-analyses,  ii, 
283. 

Lirf^V  noticed,  vll,  185. 
Air-breathers  or  coal  period,  Dawsoriy  no- 
ticed, vi,  480. 
Airy^a  erroiy  of  observation,  11, 185. 
AMn  on  combustion  of  invisible  rays,  ix, 

847. 
Albert  coal,  ix,  267,  856. 
Albumen,  with  dextrin,  etc,  vi,  268. 
Alcoholic  radicals,  replacement  of,  xl,84; 

Bulphids  of,  Iv,  188. 
Alcohols,  contain  copper,  lead,  tin,  11, 114. 
manufacture  of  vi,  408. 
polyethylenic,  1,  280. 
polyglyceric,  11,  108. 
thalllc,  ix,  220. 
Aldehyde,  Lea,  viii,  114. 
AlgBe,  Agardh  on,  noticed,  vii,  286. 
Alger,  F.,  obituary,  vlli,  802,  449. 

cabinet  of  mmerals,  viii,  801,  ix,  224. 
Algeria,  JfVlias  on,  noticed,  v,  269. 
Alkalimetry,  Johnwn^  v,  279. 
Alkaline  carbonates,  saponification  by,  ii, 
117. 
metal,  new,  i,  105. 
Alkaloids^  organic,  separation  of,  iii,  415. 

produced  by  putrefaction,  vl,  416. 
Allan,  J.  T„  trees  of  Nebraska,  II,  165. 
AUtTL,  II.,  on  N.  A.  Bats,  noticed,  ix,  116. 
AlUn,  0.  />.,  caesium  and  rubidium,  Iv,  867. 
equivalent  and  spectrum  of  ciesium, 

Allgemeine  Encydop&dle  dorPhyslk,  no- 
ticed, U,  111. 
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AUUon^  E.y  antimony  in  N.  Brunswick,  y, 

150. 
Alloys  of  copper  and  zinc,  i,  286,  428. 

containing  tnn^sten,  vii,  IISL 
Almanac,  NaUonal,  noticed,  v,  465,  yii, 

448. 
Alpine  Guide,  BalVs,  noticed,  yiii,  450. 
Alps,  coal  in,  Till,  122. 

see  also,  Mmde  Hom,  Mount  OenU. 
AUhaua's  ZusammenstcUung  der  statisi- 

schen  Ergebnisse,  etc,  vl,  272. 
Alumina,  carbonate  of,  Ihrkmarij  iy,  821. 
from  lime,  magnesia  and  manganese, 
1, 112, 113. 
Aluminum,  y,  257,  yii,  138. 
bronze,  y,  286,  vii,  138. 
compounds,  ix,  845. 
manufacture  of,  Nieklh,  iy,  126. 
separated  from  ottier  bases,  iz,  60. 
Amber,  from  India,  ix,  872. 

fauna,  diptera  of,  LonOy  yii,  806. 
America,  Squier^t  documents  on  discoye- 

ry  of,  i,  60. 

American  Academy,  oflScers  of,  vi,  159. 

memoirs  and  proceedings,  vi,814, 451, 

yii,  156,  450,  ix,  116. 

prize  of,  xl,  28a 

Assoc,  for  Advancement  of  Sci.,  i,  808, 

463. 

geolo^,  progress  of,  HurU.  i,  392. 

Phil.  Soc,  Iv.  447,  yii,  156,  450,  yiii, 

162,  451,  xl,  292. 

prize  of;  to  Chase,  ix,  114. 

Amherst  Coll.,  HUckeock's  reminiscences 

of,  noticed,  yii,  148. 
Ammonia,  atmospheric  nitrite  of^  y,  428. 
carbonate  of,  with  magnesia  salts,  y, 
115. 

mercury,  and  nitric  acid,  compound 
of,  ii,  374. 

picric  acid,  and  metallic  bases,  com- 
binations of,  i,  78. 
ruthenium  bases,  iy,133. 
sulphocyanid  of,  vi,  417. 
Ammonium  amalgam,  experiments  with, 
xl,  160. 
nitrite  of,  by  heat,  y,  lia 
Amphibians,  position  of,  among  yerte- 

brates,  Danct^  vH,  184. 
Analysis,  process  of  organic,  yiii,  887. 
Anatomy,  X«tfy'«,  noticed,  ii,  149. 
Andermmy  N.  /,  Botany  of  Galapagos,  no- 
ticed, vli,  436. 
Andes,  journey  across,  xl,  186. 
new  pass  across,  viii,  147. 
Andirws,  JS.  JB.,  rock  oil,  ii,  SH, 
on  a  seam  of  coal,  viii,  194. 
AngsLrwtiy  on  Fraunhofer's  lines,  y,  411. 

wave-lengths  of,  ix,  215. 
Anhydrids,  polygly eerie,  ii,  108. 
Aniline,  fi-om  coal-tar,  jftrJWn,  11,267,  417. 

dyes,  v,  417,  yi,  413,  vU,  413. 
Aniline-green,  ii,  417. 
Animal  substances,  petrifaction  of,  yiii, 
411. 

preservation  of,  yii,  440. 
Annelids,  ^1.  Agawiz  on,  noticed,  y,  800. 
fission  in  some,  Minor^  y,  85. 
fossil,  irar«;i.  viii,  415. 
Anthropology,  Waitz's^  noticed,  yii,  149. 


Antozone,  MBUmur  on,  abstract  of;  vil, 

825.  yiii,  la 
Appalachian  mountain  system,  Owyct^  i, 

region  of  Va.,  iv,  413. 
Appleton's  Annual  Cyclopedia,  y,  806,  yi, 
811,  yiii.  303. 

new  American  Cyclopedia,  I,  455,  ii, 
455,  y,  304. 
Arago,  statue  of,  xl,  894. 
Arcbaeopteryx,  y,  129,  xl,  271. 

Otcen  on,  yi,  127. 
Arctic  Explorations,  i,  51,  ii,  451,  ilL  268, 
iv,  95,  356,  xl,  896. 

minerals  and  fossils,  y.  293. 

planu,  Booker's,  iv,  144. 
Arequlpa,  slopes  of,  J)anay  yiii,  427. 
Argentme  republic,  explorations  in,yil,  88. 
Arizona,  iron  beds  of,  xl,  88a 
Arkansas,  geol.  survey,  i,  124, 431, 455, 1^ 
'"'^ 

meteorite,  new,  ix,  872,  xl,  218. 

riyer  basin,  y,  225. 
Arsenic,  dimorphism  of,  OookA,  i,  191. 

eating  in  Styria,  ill,  126. 

estimation  of,  vi,  269. 

in  sulphuric  acid,  v,  116. 

in  zhic,  i,  142,  Ii,  880. 

Reinsch's  test  for,  ti,  117,  277. 

series,  polyatomic  bases  of,  i.  4201 
Arsenlds  of  copper,  ill,  191.  y,  296. 
Arseniuret  of  hydrogen,  yii,  117. 
Artesian  well  at  Passy,  iii,  151, 4^ 
Artificial  anatase,  brookite,  mtile,  yiii, 

crystalline  minerals,  U,  415. 

dlopslde,  .BrtMA,  Ix,  132L 

pearls,  NickUs,  iii,  120. 

protein  substances,  iii,  113. 
Ashburton't  address  to  Royal  Geoc.  Socl. 

iv.  858. 
Asia,  northeastern,  botany  of,  iy,  286L 
Asphaltum,  In  California,  ix,  lOL 

Mexico,  ix,  809. 
Aspirator  and  blower.  Lea,  iy,  246. 
Assaying,  ti-anslation  of  Bodeman  and 

JCerl  on,  noticed,  xl,  289. 
Assinlboine  exploring  exi>edition,  1,  808L 
Asterism  in  mica,  y,  259. 
Asteroids,  tables  of,  il,  183,  291,  iii,  28& 

(41),  Daphne,  y,  144. 

(53),  Calypso,  iU,  485. 

(56),  Melete,  il,  438,  iy,  480,  y,  145. 

(57),  Mnemosyne,  ii,  132,  iU,  28a 

(58),  Concordia,  ii,  182,  iii,  28a 

(59),  Olympla,  i,  136,  Ii,  132,  iU,  288,485. 

(60),  Danae,  i,  136,  ii,  132,  iii,  28a 

(61),  Echo,  i,  136,  ii,  132,  291,  iU,  144, 
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Asteroids,  (73),  Niobe,  ii,  438,  iii,  144, 288, 
If,  480. 
(78),  Qytla,  lii,  486,  iv,  430. 
(74),  Galatea,  iv,  480,  t,  145. 
(75),  V,  145. 

(76),  Freya,  v,  146,  46a 
(77),  V,  46a 

(78),  Diana,  vi,  143. 
(79),  Eurynome,  vi,  448,  vii,  140, 147. 
(80),  Sappho,  viii,  482. 
(81),  Terpsichore,  Ix,  IIL 
(82),  Alcmene,  ix,  281. 
(88),  xl,  184. 

(84),  xl,  892. 

Astronomical  Assoc  of  Chicaii^  t,  801. 
of  France,  viii,  148,  xl,  28a 
observations,  errors  of.  Airy  on,  no- 
ticed, li,  185. 

GiaiJt6%  1861,  noticed,  y,  14«. 
with  spectroscope,  v,  71,  407. 
photography,  IhUherfurd,  Ix,  804. 
Introduced  by  Bond,  Ix,  369. 
Soc  ofLond.,  Ix,d64. 
Astronomy,  Hindu,  transL  of  Sftrya^d- 
dhftnta,  I,  296. 
JBonetn  researches  In,  Ix,  864. 
Chawefufs,  vi,  159,  878. 
LooniU\  xl,  140. 

see  Ihrther,  Auuoba,  Combt,  Mbtk- 

OB,  Moon,  Plimbt,  Shootivg  Stab, 

SoLAJt,  Stab,  Sex. 

AtlanUc  tele{?niph,  iii.  118,  265,  vii,  440. 

temperature  of,  itM^,,  lii,  268^ 
Atmosphere,  currents  of,  viii,  809. 
extent  of,  CfiaUis  on,  iv,  484. 
moUons  oA  Fmrely  i,  29. 
radiation  through,  vi,  99. 
transparency  o^  Abbe^  viii,  28;  Eunt^ 
V,  888. 
Atmospheric  reftuctlon,  CkaOit  on,  Iv,  431 
Atoll  of  Ebon,  Doane,  1,  818. 
Atomic  constitution  of  liquids,  vl,  400. 

weights,  Oibbs,  i,  2M;  Bo9e,  viii,  824. 
At^idd,  on  spectram  of  carbon,  vii,  408. 
Aurora,  an  electric  discharyce.  Marshy  1,811. 
De  La  Mw  on  Marsh,  lii,  294. 
Australis,  oolncldentwith  A.  Borealis, 
Zoomia,  ii,  81. 
at  Sacramento,  1860,  Logan^  U,  14& 
of  Aug.  and  Sept.  1850,  and  auroras 
generally,  LoomU,  li,  71,  8ia 
of  Aug.  1865,  Twininff,  xl,  285. 
Auroral  arch,  April  1868,  v,  461. 

arches,  helgnt  o^  Ktwton^  ix,  286, 871. 

beams,  and  electric  currents,  Loomia, 

lv,84. 

Austin,  C.  F.,  Spha^a  ot  N.  Jersey,  v,  252. 

Australia,  acclimation  in,  ill,  438,  vlil,  300, 

ix,84. 
Australian  flora,  Bentham  and  MuQer^s^ 
noticed,  vi.  290,  ix,  110. 
explorations,  vii,  84. 

gold,  Iv,  212. 
eat,  V,  49. 
meteoric  Iron,  li,  441, 442,  Iv,  155. 
seaweeds,  Hantett  on,  vii,  286. 
zinc,  I,  871,  vlU,  277. 
AvlcnUds,  Mtek,  vii,  212L 
Aye-Aye,  (ham  on,  noticed,  vl,  294. 
▲zoic  rocks  In  Michigan,  lOmJbaUy  Ix,  200. 
see  ftirther,  Qboloot. 
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Babbage's  Passages  from  the  life  of  a  Phi- 
losopher, vlli,  303. 
Bache,  A.  ^.„  Influence  of  moon  on  mag- 
netic needle,  i,  9a 
declinometer  observations.  1, 197. 
horizontal  magnetic  force,  Iv,  261, 878. 
moon's  Influence  on,  Iv,  881. 
magnetic  survey  of  Pa.,  etc,  v,  859. 
Associate  of  French  Academy,  U,  455. 
Baehe,  R.  3f.,  sea-slclcnese.  Iv,  17. 
Bacon,  Soger,  works  edited  by  Charles,  UL 

110,  lvVl2a 
BoAr,  on  wasium,  vU,  116. 
BaileUy  L,  YF.,  antimony  In  N.  Brunswick, 
V,  150. 
appointed  Prof,  Univ.  N.  Brunswick, 

report  on  Geol.  of  N.  B.,  noticed,  ix, 
856. 
Bally 's  beads.  Blunt,  II,  292. 
BairtVa  American  Birds,  noticed,  ^ill,  303, 

481,  Ix,  115,  xl,  142. 
Baleh,  D.  M,,  orthlte  fW)m  Mass.,  lU,  84a 

tellurblsmuth  from  Ga.,  v,  99. 
BalTt  Alpine  guide,  noUced,  vUl,  450. 
Baphetes,  vl,  480. 
Barker,  O.  K,  gun-casting  at  Pittsburgh, 

vU,  296. 
Barnard,  F.  A.  P.,  Humphreys  and  Ab- 
bot's report  on  MpL  river,  vi,  16, 197. 
force  of  gunpowder,  vi,  241. 
Barometer,  Lewis,  xl,  233. 

fluctuations  of.  Chase,  vlli,  380. 
fimnnery  serving  as,  vlil,  299. 
mdicatlng  earth's  rotation,  etc.,  vii, 
409. 

resisting  ether,  viii,  153. 
Barometric  manma  and  minima,  vlU,  14a 
Barrande,  J,,  Primordial  fauna  and  Ta- 
conlc  system,  l,  212. 
Defense  des  Colonies,  noticed  jXl,  392. 
Barrow's  mathematical  works,  II,  299. 
Botrtlett,  W.P.  G^.,  Interpolation  hi  physlci 

and  chemistry,  Iv,  27. 
Baryta,  hydrate  of,  11,  lia 

solubility  of  sulphate  of,  Ix,  90. 
Bates,  on  mimetic  analogy  In  Lepldoptera, 

reviewed,  vl,  285. 
Baudrimont^s  protosulphld  of  carbon,  i, 

281. 
Bauer,  on  replacement  of  hydrogen  in 
ether,  Ix,  95. 

ixendell,  periodic  changes  In  the  magnet- 
ism of  the  earth,  vUl,  269. 
Bayberry  tallow,  G.  F.  Moore,  III,  313. 
Beatrices,  HwOty  Ix,  261. 
Becker  and  Sons'  apparatus  noticed,  li, 

29a 

Beilstein,  on  coloration  of  flame,  vl,  116,267. 

Belgian  bone-cave,  ix,  22a 

'^m,  J.  L.,  aluminum   and  alnminum- 
bronze,  vll,  183. 

Bdlemare  on  Abd  cl-Kader,  noticed,  vl,407. 

Beni/umiy  O.,  Llnnsean  Society  address,  Iv, 
286. 
Flora  Hongkongensls,  noticed,  II,  124. 
and  Hooker^  Genera  Plantanun,  no- 
ticed, V,  134. 
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BentJumt,  CK  and  3£3UtT,  Flora  Auatralien- 

sls,  noticed,  vl,  290,  Ix,  110. 
Benzoic  acid,  from  Idnic,  v,  291 
Berbeiin  in  Hydrastis  Canadensis,  ill,  4S. 
Btrihdoty  on  acetylene,  i,  118,  v,  115. 
on  chemical  synthesis,  noticed,  1,270, 
II,  103. 
on  the  alcohols,  noticed,  vi,  407. 
made  Prof,  in  France,  xl,  894. 
Berthier,  P.,  obituary  of,  ill,  108. 
Bessemer's  process,  Tunner  on,  v,  421. 
Bibliography,  by  NUkUn,  I,  155,  275,  ii, 
103,  Iv.  128,  V,  269,  vi,  407,  ix,  86. 


Bi^  Black  river  basin,  ▼,  23a 
B^dow,  A.,  freezing  of  water,  li,  205. 
Bigi^^t  Cambrian  and  Huronian  forma- 
tions, noticed,  vi,  277. 
BUlinff*^  £.,  ape  of  red  sandrock  of  Vt, 
U,  232,  454,  Ui,  100,  370,  42L 

notice  of  HUchcoek's  GeoL  of  Vt,  ill, 
416. 
date  of  GeoL  report  of  Wis.^il,  420. 
fCenus  Centronella,  etc.,  vl,  286.  | 

on  new  Silurian  fossils,  noticed,  iii,{ 
186,  279,  iv,  186. 
Binary  stars,  orbits  of,  Eirkwoody  vii,  288.' 
Bindery  J?.,  conversion  of  phenylic  Into 
rosalic  acid,  iv,  408. 

phenate  transformed  to  rosalate  of 
lime,  iv,  40a 
Binocular  microscope,  TcXUs\  vili,  HI,  ix, 
212 

Wenham\  i,  110,  vlU,  111. 
vision,  and  idea  of  distance,  i,  109. 
Biot,  J.  B.,  obituary  of.  iU,  441,  iv,  120. 
Bird,  reptilian,  v,  129,  vi,  8ia 
BiMhofy  on  a  new  earth,  viii,  419. 
Bisulphid  of  carbon  prisms  for  spectral! 
analysis,  iv,  299,  v,  356.  40a  I 

Bitumens    and   pyroschists,  history  of, 

Hunt,  V,  157. 
Blakfy  £.  W.y  Jr.  J  caesium  and  rubidium 

in  triphyline,  iii,  274. 
Make,  \V.  P.,  to  explore  Japan,  iii,  155. 

iron  refSfions  of  Arizona,  xl,  888. 
Blanchard,  on  redevelopers,  vi,  417. 
Blandy,  J.  F.,  copper  range  of  Lake  Su- 
perior, iv,  112. 
Blast  for  laboratory,  ii,  425. 
Bleu  de  Paris,  ii,  416. 
BlisSy  J.  S,y  buried  branches  in  Illinois,  ix, 

95. 
Bli98yP.  (7.,  explorer  in  S.  America,  vii,  88. 
Blood,  animalcules  inlhe,  viii,  298. 

corpuscles  seen  in  retina,  i,  825,  417. 
electricity  of,  Scoutteten,  viii,  110. 
Blowpipe  beads,  crystals  in,  JStnersoriy  tH, 

414. 
Bloxant,  on  arsenic  in  sulphuric  acid,  T, 

116. 
Blume,  C.  L.,  obituary,  iii,  42a 
Blunt,  R,  Baily»s  beads,  ii,  292. 
Blyth'8  edition  of  Llebig,  noticed,  vii,  185. 
Blytt,  M.  N.,  obituanr,  v,  449. 
Bodemcmn,  on  assaying,  translation,  no- 
ticed, xl,  289. 
Bohlig,  on  atmospheric  nitrite  of  ammo- 
nia, V,  428. 
Bologna  museum,  ill,  151. 
jQ^  &.  P^  comet  II,  1861, 11, 255, 261, 4S9. 


Bond,  O,  P.,  companion  of  Sirini,  ifi,  886L 
new  asteroids,  iU,  287, 28a 
comet  111,1861, 111,289. 
Encke's  comet,  iii,  144, 290. 
great  comet  of  185i8,  iv,  293. 
obituary,  ix,  285. 

eulogy  on,  Jk  La  Sue,  with  award  of 
medal,  ix,  864. 
Bone  bed  in  red  sandstone,  il,  4L 

▼.  also  Man. 
Boott,  P.,  illustrations  of  Carex,  noticed, 
i,  131,  m,  141,  430,  iv,  282. 
obituary.  Gray,  vii,  28a 
Borates,  analysis  of,  ▼,  4ia 
Borneo,  bone-cave  in,  viii,  14a 
Boron  compounds,  FranJcUmd  on,  i,  278, 

V,  115. 
B  orrer,  W.,  obituanr,  v,  449. 
Boston  Soc.  Nat.  Hist.,  proceeding*,   I, 
156,  810,  iU,  160,  804,  iv,  305,  vTlSft,  tI, 
452,  vy,  447. 

Walker  prizes,  xl,  137. 
new  Museum  of.  Till,  800. 
Botanical  necrology,  Qray,  1860,  i,  461 ; 
1861,  m, 427;  18(52,  v, 449;  1863,  vii, 288. 
Botanical  works,  notices  of: 
Agardh,  species  Algarum,  vii,  286l 
Andenion,  Galapagos  Is.,  vii,  436l 
Annals  of  BoUn.  Soc  of  Canada,  i,  80S, 

ii,  127,  iU,  482. 
Asia,  Northeastern,  botany  of^  ir.  28a 
Beniham,  Flora  Hongkongensis,  ii,  124. 
and  Hooker,  Genera  Plantanun,  t,  134. 
and  MiiJler,  Flora  AustraUenais,  Ti,  290^ 

ix,  110. 
Boott,  illustrations  of  Carex,  i,  131,  ill, 
141,  430,  iv,  292. 


Braun,  Polyembryonie,  etc,  1, 131. 
MarsUia  and  PUularia,  viii,  127. 
Brunety  Phintes  de  Biichaux,  etc,  vii, 

286. 
Cotton  and  SL  Pierre.  Flore  des  enTiroBt 

de  Paris,  vii,  434. 
Barvfin,  orchids  fertilized  by  insects.  It, 
138,420. 

Dimorphii«m,  It,  285,  vi,  279. 
Climbing  plants,  xl,  27a 
Jkcaime,  origin  of  varieties,  vl,  4Sa 
Be  CandoOe,  A.,  Prodromns,  iii,  430,  ir, 
288,  viii,  290,  ix,  359. 

fruit  of  oaks,  T,  430. 
variation,  etc,  of  species,  v,  481. 
Be  CandoUe,  C^^cork,  iv,  287. 
Burand,  vites  Bor.  Amer.,  v,  445. 
£aton,  FiUces  Wrightianie,  i,  180. 
GotfUf  metamorphosis  of  plants,  vffl, 

126. 
Gray,  Manual  of  Botany,  y,  44a 
Gritebach,  Flora  of  W.  Indies,  1, 12»,ir, 
288,  ix,  108. 
Plant®  Wrightian»,  i,  129. 
Male,  Flora  of  Wisconsin,  i,  ISa 
Hanteu,  Phycologia  Australlca,  yll,  28a 
Thesaurus  capensis,  i,  128,  vii,  288, 
xl,  126.  »      » ~» 

and  Bonder,  Flora  capenais,  i,  198L 
V,  444,  xl,  125. 
J3mw,  Planu  of  New  Bedford,  : 

Hooker^ Z,  Welwitachia,  yi,  484. 
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BoTANioAL  WORKS,  notlces  of: 
Hooker,  /.  D,,  Arctic  plants,  iv,  144. 
Cedars  of  Lebanon,  etc..  It,  148. 
N.  Zealand  Flora,  ix,  859. 
Hooker,  W,  J. ,  species  FiUcum,  1, 182,  T, 
188,  viU,  m 

second  centnnr  of  ferns,  i.  183. 
Kartten,  Flora  Oolnmbise.  ii,  289. 
Kindberoy  Monographia  Lepigonoram, 

Ismq,  Vie  des  Fleure,  iv,  128. 
LetmiereuXy  Botanical  report  on  Arkan 

sas,  i,  481. 
Linnaean  Soc,  Journal  of,  i,  443,  ii,  127, 

289,Ui,148,iv.285,  iz,  860. 
LyaOj  Botany  of  Brit.  America,  yii,  287. 
Mariius.  Flora  BrasiUensis.  ii,  289,  It, 

288,  vi,  180,  vii,  288,  Ix,  800. 
MeUtniw^  on  Ferns,  i,  188. 

FillceA  Horti  Lipsiensis,  i,  184. 
Miquel,  Journal  de  Botaniquc  Neerland- 

ai8e,iii^l40. 
AnnaJes  Musei  Bot,  tU,  281. 
JiUten^  Brit.  American  Bryology,  Till, 

291 
MUlUr,  Plants  of  Victoria,  vii,  286. 
Newiberry.  Flowers  and  Ferns  of  Ohio,  i, 

180. 
(X<tw,  Structure  of  Anther,  iv.  282. 
Wood-cells  of  Hammamelidese,  It, 


on  LorantbacesB,  tI,  29L 
Lessons  in  Botany,  viU,  124. 

I\irry,  Rocky  Mt.  Flora,  ill,  141,  vi,  129. 

Prior,  Names  of  Brit,  Plants,  vii,  488. 

ProvuneheTy  Flore  Canadienne,  v,  445. 

Baomd,  Fungi  Caroliniani,  i,  180. 

Begdy  Monographia  Betulacearum,  iil, 

St.  Louis  Transactions,  vi,  12a 

SehoU,  Aroide»,  Ui,  m. 

Seemanny  Vegetable  products  of  F^i  Is., 

V  446). 
Squier,  tropical  fibres,  iii,  140. 
SuUUfont^  Musci  cubenses,  ill,  141, 429. 

Icones  Muscorum,  viii,  291. 
TatnaU,  Plants  of  Newcastle  Co.,  Del, 

i,  130. 
ThtoaUea^  Planto  of  Ceylon,  iii,  482,  zl,| 

125. 
Tuekerman,  Lichenes  Cuboe,  vii,  486. 
VUmoritirAndrieitx,  Des  Fleurs  de  Pleine! 

Terre,  vii,  485. 
Walpers^  Ann.  Botan.  systemat,  by  MiU- 

fer,  iii,  140,  xl,  126. 
WeddeUf  Cynomorium  coccineum,  iii, 
139 
Chlorls  Andina,  iv,  150. 
Wood,  class  book  of  Botany,  ii,  127. 
BoTurr  :~absorption  of  carbonic  acid, 
xl,li7. 
Ammobroma  Sonorse.  xl,  126. 
Ampelopsis  quinquefoUa,  G^roy,  vi,  180. 
Antlierology,  <?my,  iv,  282. 
Bonapartea  juncea,  iii,  432,  vii,  147. 
Calluoa  vulgaris,  in  N.  America,  ii,  290, 

ill,  22,  vUl,  122,  428,  ix,  228. 
Caricography,  JDewey,  i,  23,  ii,  88,  v,  57, 

ix,  ^. 
Climbing  plants,  Darwhi.  xl,  278. 
Coriaria  thymifolia,  vU,  287. 
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Darlingtonia  Califomica.  v,  136. 
dimorphism  in  plants,  iv,  285,  419,  vi, 

279,  Ix,  101,  104,  860. 
Dioico-dimorphism  in  primrose,  iv,  419, 

ix,  101. 
Equiseta,  geogr.  distrib.  of,  viil,  126. 

in  gneiss,  xl,  124. 
Euphorbia,  genus  in,  DeCandoUe,  iv,  288. 
Gaultheria,  name  of,  vii,  287. 
germination  affected  by  osone,  etc.,  vii, 

878. 
Gymnosperms,  structure  of  flowers  of. 

Harvard    University   herbarium,   viiL 

128,  ix,  224. 
hybrids,  return  of,  to  parent  forms,  ix, 

107.  r-  "-,  «^ 

Hydrastis  Canadensis,  berberin  in,  iii, 

48. 
leaves,  gas  evolved  by,  v,  121. 
Myrica  ccrifera,  wax  of,  Mooire,  iii,  818w 
N^as  mi^or,  etc,  Salina,  N.  Y.,  ix,  106. 
Nebraska,  forest  trees  of,  11, 165. 
nomenclature,  vii,  278. 
Orchids,  structure,  etc.,  of,  iv,  188, 420, 

vi,  292. 
organisms  in  closed  vessels,  xl,  126. 
parthenogenesis,  vi,  292. 
Paullinia  sorbiUs,  vi,  129. 
ludide-ism.  Or  ay,  viii,  125. . 
Rocky  Mts.,  plants  of,  Arrw'«  collec- 
tion, UL  141,  237,  404,  iv,  249,  380,  v, 
187,  vi,  129.         »  ™»     » 
Saurums  cemuus,  rotation  in  pith-cells 

of,  iv,  400. 
Scirpi  of  U.  8.,  new,  viii,  289. 
Sphagna  of  N.  J.,  Austin,  v,  252; 
Tenn.  yellow  wood.  Gray,  xl,  278. 
varieties  in  plants.  Deeaime  on,  vi,  482. 
Va.  creeper,  tendrils  of,  v,  446,  vi,  180. 
Welwitschia  mirabilis,  vi,  484,  xl,  273. 
BSiUger,  on  nitrite  of  ammonium,  v,  114. 
spectral  analysis,  v,  414. 
preparation  of  ozone,  v,  IIL 
BoustingctulVt  Agronomic,  etc,  v.  270. 
on  gas  evolved  by  leaves,  v,  121. 
on  absorption  of  carbonic  acid,  xl,  127. 
BoumutfCs  Medical  Chemistry,  noticed,  vii^ 

802. 
Brachyura.  classification  of,  v,  189. 
Bradley,  ^-yj^^  meteors  at  Chicago,  Aug. 

1860,  i,  136. 
Bradley,  F.  H,  trilobltes  of  Wise  'Pots- 
dam,' i,  294,  ii,  149. 
geoL  excnrsion  proposed  by,  xl,  126. 
Brain,  chemical  constitution  of,  xl,  lia 
of  man  and  monkeys  related  to  class- 
ification, WoffTur,  iv,  188,  discussed  in 
Brit  Assoc,  iv,  440. 
Brands  and  TayUr't  Chemistry,  vi,  811. 
Braun,  A,,  Polyembryonie,  etc.,  noticed, 
i,  131. 
on  Marsilia,  etc,  noticed,  viii,  127. 
Braun,  on  molybdenum,  vi,  268. 

on  new  cobalt  compound,  "riii,  Ua 
Bravais,  A.,  obituary,  vi,  401. 
Brazil,  Martiue's  Flora  of,  U,  289,  iv,  288, 
vi,  130,  vii,  288,  ix,  860.  »     '  "^^ 

drift  in,  Agattiz,  xl.  889. 
Br^'$  Review  of  Darwin,  aoticed,  i,  449". 
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JB>igniMf*«  Electric  Telqi^rapby,  noticedf  t, 

BreUhanpty    rhorobohednil  and  dlmetru 

cry^Uls  biaxiaU  viii,  426. 
Brewer,  W,  K,  DarlinKtonU  CaUfornico, 
T,136. 

explorations  by,  in  Sierra  Nevada, 
vili,  598,  Ix,  10. 
Breweier't  theorr  of  lustre,  i,  842. 
Brit.  America,  LyetVa  bouny  of,  rii,  287. 

Mitten's  bryology  of,  vlll,  291. 
Brit  Assoc.,  31st  meeting,  ii,  963:  32d,  iv, 
4S2;  S3d,  vi,  909;  84th,  viU,  801,  446; 
85tb,  xl,  189, 894. 
Columbia,  BUmer  on,  tUI,  146. 
Brombydric  acid   on   acetate   of  ethyl, 

CrqfU,  vi,  42. 
Bromid  of  ethylene,  reaction  of  sulphid 
of  potassium  on,  vii,  890. 
potassium  a  narcotic,  viit,  267. 
Bromine  on  acetate  of  ethyl,  Vrttftt,  yi,  42. 
Bronn,  H.  G.,  obituary  of.  iv,  804 
BrtaC*  Fraudes  du  Vta,  vi,  408. 
Brunet^  on  Michaux*  nlanto,  etc.,  vii,  286. 
Brunnow't  method  for  parabolic  orbits, 

viil,  79. 
BruMh^  0.  /.,  Tissier's  process  for  iron,  i, 
120.  \ 

Supplements  to  Dana's  Mineralofry,! 
i,a54,lv,20i. 
crystalline  hydrate  of  ma^esia,  li,  94. 1 
carbonate  of  lime  at  high  tempera- 1 
ture,  11, 112,  vi,  278. 
amblygonite  from  Me.,  iv,  248. 
triphyline  at  Norwich,  Mass.,  iv,  402. 
metallurgical  abstracts,  v,  118,  286, 
420,vi,2?r 

mineralogical  abstracts,  v,  126,  285, 
296, 426,  vii,  270,  vili,  115. 
on  California  Oeol  Report,  vi,  lia 
cbildrenlte,  vi,  122,  257. 
Tucson  meteoric  Iron,  vi,  152. 
Buchner's  Die  Meteoriten,  vi,  445. 
tephroite,  vii,  66. 
artificial  dlopside,  ix,  182. 
Buehner's  Die  Meteoriten,  noticed,  vi,  445. 
Budding  in  insect  Umres,  ix,  110,  861. 
Building  materials,  preservation  of,  vi,406. 
Buntien^  on  new  alkaline  metal,  i,  105. 
on  ctesinm  and  rubidium,  ii,  409,  vl, 
114,  418. 
on  lithia  in  meteorites.  111,278. 
spectroscope  of,  ill,  440. 
on  thermo-electric  batteries,  ix,  219. 
Butk,  Q.,  Gibraltar  caves,  viU,  2d2L 


Cadmium,  smmonia-j^crate  of,  1, 88. 
Csesia,  tartrates  of;  vii,  70. 
Caesium.  iL  409,  iv.  867,  vi,  4ia 

equivalent  and  spectrum,  v,  91 

In  triphyUne,  JWaJte,  iiK  274. 

in  hot  springs,  viil,  447,  Ix,  18. 
Cahourt.  on  American  petroleum,  vi,  418. 
California,  deep  placers  of  TubaB.,  xl,  1. 

earthquake  in,  xl,  866. 

explorations  of  peninsula  of;  v,  286. 

geological  survey,  reports  of,  noticed, 
1,  fe4,  iii^  165,  Iv,  157,  vt  118.  vIl,  82, 427, 
^Ui.  »^  298,  Ixl  10, 99,  xl,  l4r 


California,  glaciers  in.  vlii,  25a 

maps  of,  proposed,  vii,  88. 

mastodon  tooth  fW)m,  iv,  185. 

meteorological  record,  Sacramento, 
ii,  147,  Ui,  ^ 

mountains  of,  vi,  123,  vii,  81,  viil,  268, 
298,ix,10.  ~»      » 

petroleum  of,  SiOiman^  ix.  101, 841. 

quicksilver  mines  of,  mOiman^  viii, 

rising  of  springs  in.  viil,  187. 
volcanic  eruptions  in,  xl,  264. 
Calvert^  alkaloids  by  putrefiiction,  vi,  416L 
CantpbeO,  J.  Z.,  sohirlialo,  xl,  894. 
Canada,  antimony  in,  viL  406. 

botanical  society  of;  i,  SOS,  ii,  127,  lii, 
482. 
flora  of;  by  Daw&m,  noticed,  ill,  278. 
*'  Provoncher^  nolleed,  v,  446. 

fossils  of,  by  Dawson^  iii,  27a 
geological  report,  noticed,  1,  122,  v, 
184,  vi,  428, 1x^224. 

Laurentian  fossils  of,  vii,  272, 431,  xL 
844.  ,      »     -n       t~, 

mineral,  and  geoL,  by  Chapman,  no- 
ticed, vii,  433. 

Catalogue  of  Minerals  and  Ciystal- 
Une  Rocks  of,  noticed,  v,  184. 
Canadian  Naturalist  and  Geologist,  no- 

Uced,  1,310,  viil.  449. 
Cancerine,  a  fertilizer,  ix,  873. 
Cannonading  heard  125  miles,  iii,  154. 
Cape  Breton  Coal-measures,  Ledey,  vi,  17% 
Cappocci,  obituary  of,  vii,  304. 
Carbon,  JSoHdrimonVs  protosulphid  ot  i, 
281. 
bisulphld  of,  prisms,  iv,  299,  v,  836, 

4oa 

in  iron,  determination  of,  ill,  273. 
spectrum  of,  vii,  40a 
Carbonates,  alkaline,  saponification  by,  ii, 

of  alumina,  glucina,  iron,  chromium, 
etc..  iv,  821. 
or  ammonia,  magnesia  salts  with,  v, 

of  lime  at  high  temperature,  11, 112^ 

in  a  meteorite,  xl,  213. 
of  soda,  on  cast  iron,  1, 120. 
Carbonic  acid,  absorption  of;  by  plants, 
xl,127.  ^  r     ^ 

determination  of,  in  organic  analysis, 
ill.  415. 
influence  on  vegetation,  vii,  878L 
Carboniferous,  sec  Oboloot. 
Cariboo  gold  district,  viU,  146. 
Caricography,  Jkwey^  i,  28,  ii,  38,  v,  57, 

Cairinthian  lake-habitations,  ix,  872. 
CoritM.  on  hydrogen  with  iron,  iii,  27SL 

suiphids  of  (Ucohol  radicals,  iv,  1S8L 
Caron^  on  magnesium,  vi,  114. 

on  tungsten  in  alloys,  vii,  lia 

on  propyl-phvcit,  xl,  115. 
Carrie  machine  for  making  ice,  vl,  405. 
Carringtonj  on  Sun  spots,  viii.  142. 
Caspian,  volcanic  island  in,  viii,  lia 
Casseday,  a  A.,  obituary,  i,  155. 
CasteU,  /.  L.,  meteorite  of  Hindoitan,  ii, 

401. 
Catalysis,  Bom  on,  viii,  819. 
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Catskill  and  Chemanff  in'onps,  Idontlfica- 

lion  of,  Winchdl,  T,^l. 
Cave-deposits,  see  Man. 
Cedars  of  Lebanon,  Booker  on.  iv,  148. 

at  Paris,  Oray,  ix,  226. 
Celestial  dynamics,  Mayer,  vi,  261,  tU,  187, 

vlli,  239,  897. 
Cephalization,  Danoy  yi,  1,  159,  821,  440, 

▼il,  10, 157. 
Ceramic  arts  of  Great  Exhibition,  v,  268. 
Cerium,  separation  of,  rii,  ^52, 854. 
Ceylon  plants,  ThwaUe^  on,  lii,  432,  xl,  125. 
Chacomacy  on  liirht  of  Moon  and  Venus, 

xl,  287. 
Chadboume,  P.  A.,  effect  of  ice  In  water 

boiling  in  glass  vessels,  iv,  130. 
Challis,  on  atmospheric  refaction,  lv,484. 
extent  of  atmosphere,  iv,  434. 
zodiacal  light,  Iv,  485. 
Chambers'^  Encyclopedia,  i,  455,  vil,  802, 

Ix,  115,  xl,  1^,896. 
ChanceVg  determination   of  phosphoric 

acid,  i,  279.  281. 
Chmieourtois^  Vis  Tellurique,  noticed,  v, 

270. 
Chandler^  C.  K,  new  metal  in  platinum, 

Oregon,  ill,  851. 
tin  ore  in  Mexico,  ix,  849. 
C?uipmany  K  /.,  Minerals  and  Geology  of 

Canada,  noticed,  vil,  482. 
Charcoal,  absorption  of  gases  by.  vi,  41 L 

formed  under  pressure,  vili,  441. 
Charles^  £.^  on  R<Mrer  Bacon,  noticed,  ill, 

110,  iv,  128. 
Chate^  P.  £.,  barometer  indicating  earth's 

rotation,  etc.,  vii,  409. 

barometric  maxima  and  minima,  vili, 
^^ 

a  resisting  ether,  vlii,  158. 
aerial  tides,  vili,  226. 
terrestrial  magnetism,  viii,  373. 
cause  of  barometric  fluctuations.  Till, 
880. 

terrestrial  magnetism  a  mode  of  mo- 
tion, Ix,  117. 
gravity  and  magnetism,  ix.  812. 
gravity  and  magnetic  declination,  xl, 
83. 

gravity  and  magnetic  inclination,  xl, 

166. 

mechanical  polarity,  xl,  313. 

prize  to,  ix,  114. 

Chauvenei't  Astronomy,  noticed,  vi,  159, 

378, 
Chclonia,  respiration  of,  JfUchtH  and  Mor$- 

houee  on,  noticed,  vi,  141. 
Chemical  action,  energy  of,  JToflfc,  Ix,  92. 
analysis  by  dialysis,  lii,  412. 
of  solar  atmosphere,  i,  108. 
a  process  in,  Gibba,  ix,  58. 
apparatus  of  Becker  <fe  Sons,  ii,  298. 
equivalents,  relations  of.  Lea,  iv,  387. 

SUu  on,  i,  419. 
Physics,  Cooke\  noticed,  1, 149. 
synthesis,  1, 270,  il,  103. 
theory  of  interpenetration,  v,  78. 
types,  theory  of.  Bunt,  i,  256,  460. 
Chemistry,  Bowman't  Medical,  vii,  802. 
Brande  4?  TaytoWs,  vi,  81L 
history  of,  connected  with  B.  Bou, 
viil,a05. 


Chemistry,  interpolation  in,  BartU(t,  ir, 
27. 
Liebiff\  noticed,  vil,  135. 
Mttter%  noticed,  vil,  185. 
of  germination,  Schvit*  on,  t,  290. 
of  natural  waters.  Bunt,  ix,  176,  x,  48, 
193. 
Cheney^  ancient  works  in  Western  N.  T., 

ii,  149. 
Chess  Knight,  Baldeman't  Tour  of;  xl,  291. 
Child,  O.,  organisms  in  closed  vessels,  xi, 

126. 
ChUton,  J.  R.,  obituary,  vi,  814. 
Chimenti  pictures,  C.  A.  Joy,  vili,  199. 
China,  recent  Enclish  Surveys  in,  Iv,  868. 
Chiton,  species  or,  viil,  185,  481. 
Chlorhydric  acid  manufacture,  vi,  269. 
dissolves  sulphate  of  lime,  v,  288. 
Chlorids,  violet  flame  of,  v,  412. 
Chlorinated  organic  bodies,  iv,  138. 
Chlorine  manuiacture,  vi,  269. 

salu,  ii,  108. 
Chloritic  minerals,  J.  R  Ikaree,  vil,  221. 
Chloro-chromio  add,  spectrum  of,  vlU, 

109. 
Chlorous  acid,  density  of  vapor,  i,  277. 
Christov^  on  phosphorus  spectrum,  vi, 

ChriUy,  cave-deposits  In  France,  viii,  145. 
Chromium,  ammonla-plcrate  of,  l,  84. 

separation  of,  GUihe,  ix,  5a 

sesquio^d,  carbonate  of;  iv,  821. 
Church,  W.  8.,  ascent  of  Candarave,  iv, 

800. 
Cioada  septendecim,  £.  C.  Berriek,  ill,  488. 
Clapp,  A.,  obituary,  v,  806, 450. 
Clark,  il.,  on  n  Herculls,  v,  801. 

sun  and  stars  photometrically  com- 
pared,  vi,  76. 

takes  Laiande  prize,  r,  801. 
Clark,  B.  J..  Lucemaria,  v,  846. 

Tubularia,  viL61. 

Actinophrys  Elchomii,  viii,  881. 

Prodromus  of  Lucemaria,  noticed,  t, 
459.  -^  »    t 

Classification  of  animals  by  cephaUzatlon, 
J)ana,T,  65,  vi,  1,  821,  440,  vil,  10, 157. 

of  Herbivores,  vii,  157. 

of  InsecU,  vii,  13. 

of  Mammals,  Dana,  v,  65,  vi,  8. 

by  series,  ScheU,  U,  48. 
Clttua,  on  ammonia-ruthenium  bases,  iv, 

188. 
Climate  near  water,  LippincoU,  iz,  872. 

paleozoic.  Bunt,  vi,  896. 
Climbing  plants,  Darwin,  xL  273. 
Coal  in  Alps,  vili.  122. 

In  Mexico,  Manrou,  ix,  809. 

near  Peking,  WiUiame,  viii,  119. 

in  Venezuela,  viii,  28& 

see  further,  under  Gxoloot. 
Coal-gas,  flame  of,  affected  by  music,  i, 
416. 

tar,  coloring  matters  f^om,  ii,  267, 410. 

a  preservative,  vi,  406. 
Coon,  r.,  on  Kilauea,  v,  296,  vii,  415,  xl, 

122. 
Coast  Survey  Report,  noticed,  t,  289,  vii, 

95,  ix,  115. 
Cobalt,  ammonia-picrate  of,  i,  82. 

compound,  new,  vili,  118. 
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Cobalt,  sepciratlOD  jfh>m  nickeL  etc,  Oibbt. 
Ix,  61,  63,  64. 
"fellow,  lead-salt  correepondlng  to,  i, 

Cobaitic  acid,  Winkler  on,  Till,  266. 
Collier^  P.,  indirect  determination  of  pot 

ash  and  soda,  vii,  844. 
Collodion  of  ^Smermm,  ii,  426. 

of  Jeanrenaudy  v,  419, 
Color  and  distance,  perception  of,  II,  184. 
of  blood-globule«,  i,  417. 
of  flames,  Merx  on,  i,  105. 

by  phosphorus,  vl,  116,  267. 
produced  by  absorption,  mingling  of, 
1,109. 
Colorado  River,  IvenU  Report  on,  lii,  887. 
Colored  media,  vision  through,  i,  418. 
Coloring  matters  from  aniline,  v,  417,  vi, 
413,  vU,  413. 
coal-tar,  Firkin,  II,  267,  416. 
naphthaline,  etc,  Zeo,  ii,  211,  ill,  329, 
vUl,  360. 
Combustion  by  invisible  rays,  ix,  347. 
Comets,  features  of,  Martthy  ili,  89. 
elements  of  orbits,  Wataon^  v,218. 

Brnnnow's  method,  Abbe^  vill,  79. 
Donati*s,  ii,  54,  Iv,  29.2. 
Encke's,  Hi,  144,  29a 
Tempers,  viii,  433. 
of  1860,  1, 186. 

I  of  1861, 1,  463,  ii,  134. 

II  of  1861,  Ii,  262,  805,  489. 

III  of  1861,  ill,  289. 

I  of  1863,  Iv,  430. 

II  of  1862,  iv,  294,  48L 

III  of  1862,  V,  460. 

I  of  1868,  V,  461. 

II  of  1863,  vl,  14a 

III  of  1868,  vi,  148. 

IV  of  1863,  vii,  292. 

V  of  1863,  vii,  293. 

VI  of  1863,  vii,  298. 
II  of  1864,  viii,  432. 
in  of  1864,  ix.  111. 

IV  of  1864,  ix,  232. 

V  of  1864,  ix,  370. 
I  of  1865,  xl,  182. 

CommaUley  on  reduction  of  silver  waste, 

vi,  417. 
Conchology,  Amer.  Journal  ofl  ix,  116, 
375,  xl,  148. 
contributions  to,  by  TVwn,  v,  297. 
history  of,  in  U.  8.,  iii,  161. 
works  on,  published  by  Smithsonian 
Inst.,  iv,  448. 
See  further,  under  Zooloot. 
Condensation,  Magnus^  viii,  109, 110. 

fractional,  Warren^  ix,  337. 
Connecticut  River  sandstone,  footmarks 
of,  Hitchcock,  vi,  46,  xl,  890. 
Ikane  on,  vi,  126. 
fossil  larve  in,  lii,  451. 
Connecticut  valley  glacier,  v,  249. 
Oonrad.  T.  A.^  Eocene  lignite  of  U.  8.,  xl, 
265. 
mlocene  shells,  noticed,  v,  428. 
Cooke,  0.  If,,  white  limestone  of  N.  J.,  ii, 
208. 
geoL  report  of  N,  J.,  noticed,  ix,  859. 
Cookhy  J.  P.,  Jr,,  dimorphism  of  arsenic, 
etc,  i,  191. 


Cooke,  J.  P.,  Jr,,  spectroscope,  It,  209,  vl, 
266,  xl,  805. 

octahedral  galena,  T,  127. 

childrenite,  vi,  258. 

photographic  abstracts,  vl,  416. 

tartrates  of  cesia,  etc.,  vii,  70. 

photographic  dry  process,  vii,  128. 

projection  of  spectra,  xl,  248. 

chemical  physics  bv,  noticed,  1, 148. 
CooperyJ.  O.y  reply  to  Gov.  Stevens,  1, 808. 
Cope,  E  />.,  Jan^s  Prodromus  of  Opbidiat 

v,455. 
Copper,  alloys  of,  I,  286, 423. 

ammonia-picrate  of,  I,  8L 

arsenlds  of,  111,  191,  v,  296. 

TDseudomorphous  after  aragonlte,  ir, 

deposit  on,  in  BeiMOCt  test,  ii,  117. 
electrolytic   precipitation   of,   as    a 
method  of  analysis,  Ix,  64. 
in  alcoholic  spirits,  B<mea,  Ii,  114. 
of  L.  Superior,  I,  359,  Sil,  320,  Iv,  113, 
vii,  431. 
sulphate  of,  as  a  preservative,  Ii,  274. 
Copper-glance,  from  Tenn.,  Iv,  209. 

pseudomorphous  after  galena,  I,  802, 
lii,  194. 
Copper-nickel,  Iv,  209. 
Coral,  glass,  of  Japan,  Stimpson,  v,  458L 
Cordier,  P.  L  A.,  obltuarv,  il,  lOL 
[Correlation   of  forces,  YoHman*  on,  no- 
ticed, Ix,  220. 
Coemm^s  Flore  de  Paris,  noticed,  vU,  484. 
Coste,  on  production  of  sexes,  xl,  139. 
Cotopaxi,  slopes  of;  Dana,  viii,  427. 
Cotton,  culture  o^  Nicklee,  iv,  127. 
CoucM,  on  Ornithology  of  Labrador,  lii, 

298. 
Oouivier-Orwiery  on  shooting  stars,  Aug. 

1860,  i,  187. 
CotirTioL  works  by,  noticed,  III,  111,  iv, 

128. 
CrqfU,  J.  M.^  bromine  and  bromhydric 
acid  with  acetate  of  ethyl,  vl,  42w 
organic  compounds  of  silicon,  vi,  115« 
reaction  of  a  sulphid  of  potassium 
on  bromid  of  ethylene,  vii,  890. 

replacement  of  alcoholic  radicals,  xl, 
34. 
etherificatlon.  xl,  40. 
Craig,  R  F.,  proaucts  lh>m  combustion 

of  gunpowaer,  I,  429. 
O«M0n'«  Hymenoptera,  noticed,  viii,  294, 

lx,363. 
Cretaceous,  see  Gboloot. 
Crlnoid,  genus  Erisocrinus,  Ix,  178, 850. 
Croconic  add,  III,  274. 
CroU.  J.,  heat-vibraUons,  vUi,  367. 
Crookea,  on  thallium,  ii,  411,  Iv,  275>,  409, 

V,  278,  viii,  266. 
CrosB^  R.,  journey  across  Andes,  xl,  186. 
Crustacea,  chissllicatlon  of,  v,  139. 

Carboniferous  and  Devonian,  vi,  277. 
Crustacean,  new  Potsdam,  Vi^S. 

fertilizer,  cancerlne,  Ix,  272. 
Crystalline  minerals  reproduced,  ii  415. 
CiT^allization  of  sulphur,  WdheriU^  xl, 

Craystallography,  MUler^  vii,  14a 
Crystals,  KranU't  catalogue  of  modals, 
noticed,  v,  297. 
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Cmtals  in  blowpipe  beads,  Smenon^  yii, 

of  tartrates  of  csesia,  etc,  vii,  70. 

rhombohedral  and  dimetric,  biaxial, 
yUi,426. 

likaechi  on,  noticed,  xl,  260. 
Camming,  H.,  obituary,  xl,  395. 
Curare,  poisoning  effects  of,  ii,  98. 
Cyanid  of  ethylene,  i,  422. 

mercury,  salts  of,  iii,  121. 

phosphorus,  vii,  269. 

sulphur,  iii,  271. 
Czudnowicz^  on  eusynchlte  and  dechenlte, 
vii,  270, 


Damour  on  jadeite,  noticed,  vi,  426. 
DancL^  J.  I).y  fossil  in  Conn,  river  sand 
stone,  iii,  451. 

relations  of  death  to  life,  iv,  316. 

classification  of  mammals,  v,  65. 

Jurassic  feathered  reptiles,  v,  130,  vi, 

8ia 

detritus  origin  of  coral  reefs,  v,  207. 
Moliawlc  valley  glacier,  v,  248. 
Palasterina  (?)  Jamesii,  v,  295. 
oceanic  protozoans  akin  to  sponges, 
v,886. 

cephalization,  and  Megasthenes  and 
Microsthenes,  vi,  1. 

time-boundaries  in  geological  history, 
vi.227. 

homologies   of  insects  and  crusta- 
ceans, vi,  3, 159,  28a 

parallel  relations  of  classes  of  Ver- 
tebrates, vi,  815. 
geoL  history  of  Vertebrates,  vi,  320. 
cephalization  as  a  principle  of  clas- 
sification, vi,  321^  440,  vii,  10,  157. 
Carboniferous  insects,  vii,  84. 
position  of  Amphibians  among  Verte- 
brates, vU,  184. 

slopes  of  Cotopaxi  and  Arequipa,  vili, 
427. 
Brushite,  ix,  45. 

age  of  iron  ore  of  Mexico,  ix,  358. 
origin  of  prairies,  xl,  298. 
Rhizopods  in  the  Azoic  age,  xl,  391. 
Manual  of  Geology  by,  noticed,  iv, 
282.444,  vii,  302. 

Text  book  of  Geology  by,  noticed, 
vii,  147. 
Mineralogy  of,  9th  supplement,  i,  354. 
10th  supplement,  iv,  202. 
Barien  Isthmus,  ship  canal  near,  iii,  296. 
Darlington,  W.,  obituary  of,  vi,  132. 
Darvoiny  6'.,  on  species,  Bree  on,  i,  449. 
on  fertilizing  orchids,  iv,  138, 420. 
dimorphism  in  Linum,  vi,  279. 
climbing  plants,  xl,  2T3. 
Daubenton,  biog.  notice,  MckUsy  III,  112. 
Daubeny^  eruption  of  Vesuvius,  Iv,  439. 
Dauber,  H.,  obituary,  li,  150. 
Daubrde,  Prof!  at  Jardin  des  Plantes,  111, 

150  441. 
Daussy,  P.,  obituary,  NickUs,  I,  268. 
Jkmdwn,  on  Nova  Scotia  brachiopods,  vi, 

277. 
i)avi«s*«  mounting  of  microscopic  objects, 
lx,374. 
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Dotijf,  on  temperature  of  sexes,  vlll,  448. 
Dawe$,  W.  -R,  the  solar  surface,  viii,  208. 
Damon,  •/.  Tv.,  American  Devonian,  v,  809. 
flora  of,  V,  811,  vi,  41,  279. 
Carboniferous  flora  of  N.  S.,  vii,  419. 
Laurentian  fossils,  viil,  231. 
the  drift,  vUi,  233, 
papers  on  coal,  noticed,  i,  290. 
on  Canadian  fossils,  noticed,  ill,  278. 
on  precarboniferous  flora  of  N.  B., 
Me.,  and  Canada,  noticed,  ill,  278. 

on  footprints  of  Limulus,  noticed,  Iv, 
416. 

on  air-breathers  of  coal  period,  no- 
ticed, vi,  430. 
Dead  sea,  expedition  to,  vlii,  148. 
Dean^  /.,  on  Microscopic  Anatomy  of  Spi- 
nal cord,  noticed,  ii,  302. 
DeanCj  /.,  on  I^hnographs  of  Conn,  river 

Sandstone,  vi,  126. 
Death,  relations  to  life,  Danti^  iv,  316. 
Deinnyy  on  metallic  spectra,  iii,  414,  iv,  407. 
Decaimey  on  varieties  In  plants,  vi,  482. 
BeCandoUey  J..,  Prodromus,  noticed,  ill, 
480,  iv,  288,  viii,  290,  ix,  359. 
on  fruit  of  oaks,  noticed,  v,  430. 
on  species,  noticed,  v,  431. 
memoirs  reviewed,  v,  1. 

reprint  of,  noticed,  vi,  434. 
DeCandoUey  C,  on  cork,  noticed,  iv,  287. 
Decken,  Karl  v.  d.,  expediUon  of,  iii,  263. 
Declinometer  observations,  Bache,  i,  197. 
Deh^rain  on  gypsum,  Johnson^  vi,  419. 
Ddafontainey  on  thorium,  viii,  417. 

on  spectra  of  didymium.  etc.,  xl,  260. 
De  La  Rive^  aurora  an  electric  discharge, 
iii,  294. 
on  thallium,  vi,  113. 
De  La  Rue.  eulogy  on  Bond,  ix,  364. 
DeLaskiy  J.y  glacial  action  in  Me.,  vi,  £74, 

vU,335. 
Ddewcy  A,y  on  Metamorphism,  noticed, 
iv,  129. 
Carte  Agronomique,  v,  270. 
Extraits  de  geologic,  1862-3,  xl,  272. 
Dendrerpeton,  vi,  431. 
DenniSy  W.y   temperature   in   temperate 
zone,  V,  44. 
theory  of  tides,  vii.  234. 
Density  of  vapors,  iii,  418,  vi,  408. 
ice,  iv,  2TO. 

pe,  F.,  obituary,  Cray,  iii,  427. 
DeiUloizeaux's  Mineralogy,  noticed,  v.  293. 
Polarizing  Microscope,  noticed,  xl, 
261. 
Desert  of  Sahara,  expedition  to,  vii,  146, 

445. 
Des  Moulins^  Vites  Bor.  Amer.,  noticed,  v, 

445. 
DewTy  Ry  lake  habitations,  viii,  487. 
Despretz,  C.  M.,  obituary,  vi,  898. 
DevUUy  H.  St.  C.y  on  preparation  of  oxy- 
gen, i,  280,  427. 

reproduction  of  crystalline  minerals, 
U,  415. 
hydrofluoslllclc  acid,  ill,  277. 
magnesium,  vi,  114. 
vapor-densities,  vi,  408,  ix,  846. 
permeability  of  iron,  vii,  441. 
mortality  hi  Paris,  xl,  139. 
Devonian,  see  Geoloqt. 
1866. 
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DeVriwe,  W.  R,  obituary,  iii,  42a 
JDewey,  C,  caricography,  i,  23,  ii,  88,  v,  57, 

ix,69. 
Bonapartea  juncea,  lil,  432,  vli,  147. 
Ikxter,  M.  P.,  salts  of  cyanid  of  mercury, 

iii,121. 
biography  of  H.  Rose,  yUI,  805. 
Dextrin,  with  albumen,  vi,  268. 
IHaeon^  on  spectra  of  metals,  y,  414. 
Dialysis,  Oraham.  on,  ill,  412. 
Diamond,  Goeppert  on.  zl,  288. 
Diatoms,  strise  of,  i,  12. 

on  deep  sea  bottoms,  v,  454. 
Dichroscope,  Mood^  i,  107. 
Dldunculus,  viii»  294. 
Didymlumand  erbium,  spectra  of,  zl,  260. 
Diethylaminc,  i,  422,  iii,  80. 
Differential  Calculus,  tipare\  noticed,  iz, 

236. 
Diffhictlon  in  microscopic  vision,  ill,  377. 
Dimorphism  inplanU,  Iv,  285, 41d,  vi,279, 

iz,  101, 104,  860. 
of  arsenic,  antimony,  zinc,  i,  19L 
in  Cynips,  WaltJi  on,  viii,  180. 
Dinosaurian,  zl,  392. 
Dlnotherlum,  a  marsupial,  v ill,  427. 
Dioico-dimorphism,  iv,  419,  iz,  lOL 
Diploihyra,  genus,  ^Yiwuwon,  v,  465. 
Distance,  instrument  for  measuring,  zl, 

186. 
estimation  of.  BoodL,  i,  109. 
and  color,  relative  perception  ot^  ii, 

184. 
Distillation  of  volatile  substances,  Xm, 

vil,377. 
Divers^  on  magnesia  salts,  v,  115. 
Doane,  K.  T.,  atoll  of  Ebon,  i,  3ia 
Doherty's  Organic  Philosophy,  viii,  460. 
Dove's  optical  studies,  Bood^  i,  109. 
photometer.  Rood,  iii,  269,  vi,  60. 
theory  of  lustre,  Jiood^  i,  389. 
Dragendorffy  on  starch,  v,  116, 123. 
Drltt,  sec  Geology. 

Jhtb's  electro-magnetism,  noticed,  ii,  110. 
J)u  C%oitttt>Nat  Hist.  coUection,  11.485. 
Jhtfour,  on  density  of  Ice,  iv,  275,  370. 

obituary  of,  zl,  140. 
Jh^ardin  on  echinoderms,  noticed,  iv,  151. 
Dumas,  thallium,  v,  273. 
Dum^l,  obituary,  i,  266. 
Dunkin,  R,  error  of  transit  observation, 

iz,  112. 
Jhq)eyraV»  Canal  maritime,  noticed,  v,  269. 
^Dupont,  human  remains,  30, 186. 
Durand'8  Vites  Bor.  Amer.,  noticed,  v.  445. 
Duruy^s  Hist,  of  modem  times,  noticed, 

vi.  407. 
Dyeing  mordanted  cloth,  i,  117. 

E 

Earth,  rotation  of,  Chate,  vii,  400. 

tidal  wave  of,  etc.,  Mayer,  viii,  397. 

heat  of  interior,  Mayer,  viii,  404. 

see  also  Atmosphere,  Magftetism. 
Earthquakes,  theory  of,  Perreu,  vll,  1. 

In^uflEalo,  1865,  iz,  372.  zl,  366. 

In  California,  in  1865,  zl,  366. 

Ui  Canada  and  U.  8.,  1860,  i,  160. 

in  Kamtochatka,  in  1845,  zl,  38L 

in  Ladronea,  In  1849,  zl,  864. 


Earthquake  in  Mendon,  1861,  U,  14& 

in  MisBissippi  valley,  1865,  zl,  278, 888. 

in  Penang,  1861, 11.297. 

in  Sacramento,  1860,  ii,  148. 

in  South  America,  zl.  865. 

in  Syracuse,  N.  Y.,  1661, 11,  297. 

in  Washi^n,186l,  ii,  453. 
Earthwork,  Warner' $  theorems,  etc.,  ot, 

Ui,804. 
Eaton,  D.  C,  Hooker's  Species  FUicmn,  i, 
182,  V,  138,  vUi,  429. 

Mettenius  on  ferns,  i,  133, 184. 

Fllices  Wrightlane,  etc,  noticed,  i, 
180. 
Echinoderms,  A,  AgattU  on,  noticed,  rifi, 
180. 

fossil,  fW>m  Cincinnati,  Ikma,  ▼,  29S. 
Eckfddi  on  dissemination  of  gold,  ii,  297. 
Eclipse  of  sun,  July,  1860,  i,  189,  Iii,  145. 
•"       i,  l^acy  fbr  investigations  in,  viii. 


EUsilc  forces,  Lami  on,  vL  409. 
Electric  currents,  action  or,  Loomi»^  iv,8i. 
photographed,  8myth,  viii,  428. 
discharge,  JfMderten,  viii,  421 ;  auroim 
•s.  1,311,111,294. 
illumination  at  Boston,  vi,  807. 
light,  Hood,  i,  110,  vii,  207. 
properties  of  pyroziline  paper  and 
gun-cotton,  vii,  116,  iz,  84a 
resistance,  new  unit  of;  ii,  106. 
spark  photographed,  Bood^  ill,  219, 
vUi,  861. 

spectra  of  metals,  MWer  on,  11,  409; 
vi,  103,  viii,  107. 
spectrum,  Stokee  on,  vi,  lOa 
see  also  thermo-eUcMc. 
Electricity,  nature  oi;  Nort4m,  iz,  239. 
of  the  blood,  SeoiOeUen,  viii,  110. 
tension  in,  iii,  lia 
I  Electrolytic  precipitation  of  copper  and 
'    nickel,  a  method  of  analysis,  liL  64. 
Electro-magnetism,  by  Dub,  noticed,  fi, 

iia 

by  Wiedemann,  noticed,  ii,  llQl 
new  ezperiments,  iii,  117. 
Electroscope,  Gemsbart,  KobtU  on,  vi,  lU. 
Elements,  on  spectra  of,  see  Spectra, 

specific  heat  of,  ill,  270. 
Eliot,  C.  W.,  on  impurities  of  commercial 
zinc,  i,  1^  U.  880. 
on  lead  in  silver  coins,  noticed,  1, 430. 
EJUott,  D.  O,,  prospectus  of  woi*  on  To- 

traonlnsB,  vii,  437. 
Emeraldine,  ii,  417. 

Emermm,  E.,  Brewster's  improvementa  in 
photographic  camera,  ii,  227. 
improvement  in  stereoscope,  U,  406. 
new    collodion;   dry    photogn^ihic 
process,  11,  426. 
tannin  process,  iv,  184. 
perception  of  relief,  iv,  812. 
photographic  copying,  iv,  4ia 
light  on  sensitive  plate,  v,  286. 
Jeanrenaud's  collodion,  v,  419. 
Emereon,   O.  K,  crystals    in   blowpipe 
beads,  vii,  414. 
obituary  of,  iz,  878. 
Emmons,  E.,  obituary,  vii,  15L 
Ememann^e  instnunent  for  meMuring  dia- 
taaces,  zl,  18a 
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Snaliosaurian  remains  from  N.  S.,  Moanih. 

iil,  138, 278,  ly,  L 
MnauWt  La  Norv^e,  i,  155. 
£ncke,  J.  F.,  obitnary,  xl,  890. 
Engdbaeh  on  lithium  and  strontium  in 

meteorite,  iv,  407. 
Enadmanfu  (?.,  Parry^s  nlants  from  the 

Rocky  Mountains,  iv,  249,  880. 

Dus  Euphorbia  in  De  CandoUe,  iT, 


JSngelmanny  Ei^  vegetation  of  praries,  vi, 

3S4. 
England,  Lias  and  Oolite  in,  vlli,  285. 

Permian  of,  Mnrehiton  on,  viii,  287. 

RbSBtic  beds  of,  viii,  284. 

Triassic  mammals  of,  viii,  285. 
Entomolojrical  Soc,  PhiL,  xl,  141, 202, 898. 
£08auru^  vi,  4SL 
Eozoon  Canadense,  xl,  844. 
Equiseta,  ^og.  distribution  of,  viii,  126. 

in  ^rneiss,  xl,  124. 
Equivalents,  chemical,  relations  of^  LeOj 

'      Staaon,  i,  419. 
Erbium,  I\)pp  on,  viii,  4ia 

absorption  spectrum  of,  xl,  260. 
Erdmann,  onseparatiwr  organic  alkaloids, 

lii,415. 
Espy,  J.  P.,  obituary,  i,  151. 
Essex  Institute,  proceedings,  viii,  152, 451, 

lx,116,xl,144:        ^ 
Ether,  barometric  indications  of  a  resist- 
ing, Chate,  viii,  ISa 
in  solar  system.  WUcockB  on,  ix,  114. 
Ether,  formation  or.  Bote  on,  viii,  819. 

replacement  of  hydrogen  In,  ix,  95. 
Etheriflcation,  Priedd^b  Crc^i,  xl,  4a 
Ethyl  bases,  production  of,  Im,  ii,  25. 
separation  of  Zeo,  ii,  26. 
with  boron,  i,  276. 

acetate  of,  with  bromine,  etc.,  vi,  42. 
nitrate  and  nitrite  of,  Lul  ii,  177,  iU, 
86. 
oxalate  of,  Lea^  ix,  210. 
Ethylamin,  i,  422 ;  Xm,  ilL  80. 
Ethylene,  bromid  of;  reaction  of  asulphid 
of  potassium  on,  vli,  390. 
cyanid  of,  i,  422. 

monobromid  of.  into  acetylene,  ii,  414. 

oxyd  of,  i,  277,  iv,  180. 

Evan»y  E.  W.,  Ohio  meteorite,  May,  1860, 

ii,80. 

action  of  oil-wells,  viii,  150. 

Evans,  John,  sketch  of;  JackMOfL,  ii,  811. 

EvereU^  J,  2>.,  on  reducing  temperature 

observations,  v,  17. 

reply  to  LoomUy  vi,  173. 

Explosive  force  of  powder,  Boamardy  vi. 

Eye,  field  of  vision  of,  viii,  441. 

blood  corpuscles  in,  i,  325,  417. 
Eye-piece,  Toftw's  orthoscoplc,  i,  112. 


Fairbaim^  Brit.  Assoc  address,  H,  868. 
Falconer^  on  glaciers  of  the  Himalayas, 

vii,273. 
Falconer,  H.,  obituary,  ix,  286,  xl,  189. 
Fafoday.  on  revelation,  i,  414. 

on  i9fem«fw^gas-ftimaces,  iv,  277,  ix. 


Fnye  on  electrical  effects,  lii,  116. 

Feddenetiy  on  the  electric  discharge,  viii, 
421. 

Ferrein  on  sulphids  of  alcohol  radicals, 
iv,  188. 

Ferrdy  TK,  motion  of  fluids  and  solids  rel- 
ative to  earth's  surfiice,  L  27. 
solar  eclipse,  July,  1860,  i,  189. 
cause  of  Nile  inundation,  v,  62. 

Fertilization  of  orchids,  Oray,  vi,  292. 

Fertilizer,  Deh^rain  on  gypsum  as,  John' 

I    *o»,vl,  419. 

'Fibres,  tropical,  Squier  on,  ill,  140. 

.F^uier'f  L^onn^e  scientiflque,  i,  155,  iv, 
128,  vi,  407. 

Fyi  Is.,  Seemann  on  products  of,  iv,  866, 

I    V,  446. 

^Ftdias'  physical  geog.  of  Algeria,  v,  269. 

Filters,  incineration  of,  i,  lia 

jFish,  White,  of  Great  Lakes,  proposed  in- 
troduction of  hito  Scotland,  vili,  449. 

IFission  in  some  annelids,  Minor,  v,  85. 

IFitz,  H.,  obituary,  vil,  149. 

jFitzroy,  obituary,  xl,  140. 

\lfUeau  on  sodium  spectrum,  v,  414. 

Flame,  color  of,  Merz  on,  i,  105. 
by  phosphorus,  vi,  116,  267. 
violet,  of  chlorids,  v,  412. 

jy7a»i«n.LeVerrierdu  XIX  si^le,  vi,*408. 

Flint  glass  prisms,  for  spectral  analysis, 

Florence,  Museum  of,  ili,  151. 
Florida  reef,  Bunt,  lii,  197. 
Fluoborates,  analysis  of,  v,  418. 
Fluohydrate  of  fluorid  of  potassium,  vii, 

855. 
Forchhanmier  on  saltness  of  sea,  iv,  272. 
Fossils,  casts  of,  by  K  A.  TVimi,  ix,  224. 

see  farther,  Geology. 
Fniqu^y  eruption  of  Etna,  xl,  122. 
Fractional  condensation,  Warreuy  ix,  827. 
France,  Assoc,  for  advancement  of  8ci, 

viU,  148,  xl,  288. 
human  remains  in,  vi,  128,  402,  viii, 

145, 277,  297,  xl,  135. 
FrankUmd  on  blue  lithium  line,  iv,  407. 
on  boron  compounds,  i,  276,  v,  115. 
Fraunhofer's  lines,  see  Solar  Spbctbuh. 
Fraztr  on  osmium  spectrum,  vi,  267. 
Freezing  of  water,  Bigdow,  II,  205. 
Freiberg  Mining  Acad.,  centennial  of,  xl, 

ISo. 

Frnnyy  spontaneous  generation,  viii,  439. 
Fresco,  on   cylinders  of  ice  formed  by 

pressure  through  orifice,  xl,  134. 
FreteniuSy  phosphate  of  llthia,  lii,  416. 
Manual  of  qualitative  analysis,  viii, 

267.  ^     »      "t 

Frick'%  Physical  Technics,  noticed,  vii,149. 

Frieddy  C,  replacement  of  alcoholic  radi- 
cals, xl,  34. 
etheriflcation,  xl,  40. 
on  compounds  of  silicon,  vi,  115. 

Fritzachey  on  determination  of  lime,  ix, 
844. 

Frobisher  Bay,  MalTa  collections  at,  v,  298, 

Fuchslne  from  coal-tar,  I^rkiriy  ii,  27L 

Fulgurites  or  lightning  tubes,  i,  302. 

Furnace  product,  diopside,  Brushy  Ix,  182. 

Furnaces,  Siemens  regenerative,  iv,  277, 
ix,  232,844. 
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FUrnrohr,  A.  R,  obituary.  III,  427. 
Fusel  oil,  SUin'a  test  for,  1, 114 
Fusible  alloy,  new,  ill,  2?6. 


Oabb,  W.  M.,  Dr.  Moore  and  Texna  survey, 

1,460. 
joins  California  survey,  111,  155. 
Galapagos  Islands,  botany  of,  vii,  436. 
Galvanic  experiment,  Iv,  130. 
Galvanism,  Wiedemann\  noticed,  il,  110. 
Galvanizing  iron,  prize  to  Inventor  of, 

vlii,301. 
Gangrene  counteracted  by  oxyeen,  v,  266. 
OarMxm,  on  aluminum  manumcture,  Iv, 

Gardiner^  F.j  Ice  In  Kennebec  R,  xl,  20. 
Gardner^  /.,  on  a  meteor,  vlll,  295. 
Oarigoii^  human  remains  in  Pyrenees, 

vlii,  277. 
Gas  from  leaves  exposed  to  llpht,  v,  121. 
Gas-furnaces,  Slemen's,  Iv,  277,  Ix,  282, 844. 
Gases,  propagation  of  heat  In,  li,  104. 
Gasparln,  A.  K.  P.  de,  obituary,  v,  261. 
QaiUiery  A^  researches  on  nebnlse,  v,  101, 

vli,  19a 
Gay,  J.,  obituary,  vli,  292. 
OeiniU'9  Dyas,  noticed,  IIL  425,  Iv,  280, 
415,  vil,  482. 

on  new  Permian  plants,  noticed,  vil, 
432. 
Gelatine,  reactions  of,  Lfti^  xl.  81, 
Gemsbart  electroscope,  Kobdl  on,  vi,  111. 
Qeidh,  F.  A.,  Haldinger  on  meteorites,  11, 
135,  440,  Iv,  152,  vl,  150. 
raineraloglcal  contributions.  111,  190, 
Newstead  meteorite,  vi,  149. 
Geographical  distribution  of  Equiseta, 
vlll,  126. 

notices,  Oilman,  I,  51,  ill,  259,  iv,  87, 
856,  V,  2^,  vli,  75. 
Geological  Museum,  Rochester,  N.  Y.,  ill, 
449. 
8oc.  of  France,  lil,  439. 
Geologic Ai.  Works,  noticed  :— 
Arkansas,  Geol.  Report  of,  1, 124, 431, 

465, 11,  233. 
Barrande,  Defense  des  Colonies,  xl,  392. 
Bifff^bt/y  Cumbrian  and  Uuronlan  forma- 
tions, vi,  277. 
JBronn^  Index  Palteontologicus,  Iv,  304. 
California  Geol.  Survey,  Reports,  i,  124, 
111,  165,  iv,  157,  vl,  118,  vil,  82,  427, 
vlll,  256,  298,  Ix,  10,  99,  xl,  141. 
Canada  Qpol  Survey,  1, 122,  v,  134,  vl, 

428,  Ix,  221. 
Canadian  Naturalist  and  Geologist,  I, 

310,  vlil,  449. 
Chapman,  Minerals  and  GeoL  of  CaO' 

ada,  vil,  432. 
Conrad,  Catalogue  of  Miocene  shells, 

v,  428. 

Dana,  Manual  of  Geoi,  iv,  282,  444,  vil, 

302. 

Text-book  of  GeoL,  vil,  147. 

Davidson.  Nova  Scotia  brachlopods,  vl, 

277. 
Dawtton,  papers  on  coal,  l,  290. 

Canadian  fossil  and  climate,  ill,  278. 

flora  of  N.  B.,  Me.,  and  Canada, 

Ul,27a 


Gbolooical  wobks,  noticed  :— 
DatNton,  footprints  of  Llmulus,  It,  416. 
air-breathers  of  coal-period,  vi,490. 
Deane,  ichnographs  of  (joun,  R.  sand- 
stone, vi,  1»B. 
DeUaxe,  Metaroorphism  of  Rocks,  iv,129. 
Extniita  de  Geologic,  1862-3,  xl,27UL 
OHnitx,  Dyas,  iU,  425,  iv,  260,  415,  vli, 
43a 
two  new  Permian  plants,  vil,  4S2L 
HaaaL  formation  of  Canterbury  Plains, 

idri4a 

HaU,  Palaeontology,  i,  125,  292,  ii,  430, 
ill,  127,  280,  vii,  187. 

Crinoidea  of  Upper  Helderbergand 
Hamilton  groups,  Iv,  282. 
new  Niagara  fossils,  vi,  127,  ix,  359L 
crinolds  of  Waverly  sandsione,  vii, 
140. 
Fauna  of  the  Potsdam,  vU,  14a 
Laurentian  of  E.  N.  Y.,  ix,  96i. 
Graptolltes  of  Quebec  group,  ix, 
224. 
Hayden,  Geol.,  etc.,  of  Upper  Missouri, 

III,  452,  iv,  100,  xl,  271. 
HUgard,  Geol.  of  Mississippi,  u,  308. 
ITind,  Geol.  of  N.  B.,  xl,  14a. 
Hitchcock,  Supplement  to  Ichnology  of 

New  England,  xl,  392. 
Holmes,  fossils  of  S.  C,  iil,  298. 
III.,  Geol.  Report  of,  i,  124, 125,  ix,  S58w 
Jonet,  Fossil  Estheriie,  vl,  2T7,  vii,  14a 
Jiikes,  Manual  of  GeoL,  iv,  282. 
Kentucky  GeoL  Survey,  i,  294,  460,  ii, 

118,  238,  281. 
Leidy,  U.  8.  Cretaceous  Reptiles,  xl,  89L 
Ledfy,  Mont-Alto  lignite,  etc.,  xl,  119. 
Lvelll  Antiquity  of  man,  vl,  1^  vii,  43SL 
McChemey,  fossils  from  Western  Slates, 

II,  1^x1, 116. 
Maine,  Board  of  Agriculture  Report, 

GeoL  Report,  vl,  274. 
Maroou,  rocks  of  Vt  and  Canada,  iii, 

281. 
Geol.  of  Nebraska,  ix,  157. 
Meek,  Miocene  fossils  of  N.  A.,  ix,  SSSL 
Meek  db  Hoyden,  Nebraska  fossils,  i,  128, 

iv,  137. 

paleontology   of  Upper   Mis- 
souri, xl,  271. 
Meek  &  Worthen,  fossils  from  IIL,  etc:, 

1,125. 
Michigan,  GeoL  survey  of,  II,  303. 
Nevada,  GeoL  survey  of,  xl,  273. 
N.  Brunswick,  GeoL  ReporU  ot,  ix,  398, 

XL142. 
N.  J.,  GeoL  report  of;  ix,  359. 
N.  Y.,  GeoL  survey  of,  i,  125,  see  J,  OdL 
Regents  of  Univ.  of;  Report,  1, 899, 

li,  430,  iii,  279,  iv,  4ia 
Owen,  reconnolssance  of  Ind.^,  154. 
Itmder,  Devonian  fishes,  vi,  127. 
Hoemer,  Silurian  fauna  of  W.  Tenn.,  L 

127,205. 
Russia,  GeoL  map  of;  xl,  12!i. 
Salter,  fossil  Crustacea,  vl,  277. 
Shxanard,  Cretaceous  of  Texas,  i,  197, 

Iii,  300. 
SvUivan,  geologr  of  Santander,  viil,  USL 
Tennessee,  GeoL  survey  of;  i,  991 
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GsoLoaiOAL  Works,  ooiiced  :— 

Texas,  Geol.  survey,  1, 1SJ4,  294, 460. 

Uiiger^  tour  in  Greece,  etc.,  vll,  79. 

Vt.,  geol.  report,  iU,  416,  Iv,  186,  v,  480, 

Ward,  Megatherium  Cuvieri,  viii,  296. 

WhiU  and  Whi^eld,  Mississippi  vaUey, 
rocks  and  new  fossils,  iii,  422. 

Whitney  Geol.  Rep.  on  California^  see 
Calil'omia  (preceding  page). 

Wise,  GeoL  Survey,  ii,464,  ili,  420, 46a 
Geology— 

Albert  coal  of  N.  B.,  EUchoock,  ix,  267. 

American  geology,  Bunt,  i,  892. 

Annelid,  fossil.  Marsh,  vlii,  416. 

Anthracosaurus  Rnsselll,  vi,  277. 

Anthrakerpeton,  zl,  124. 

Appalachian  region  of  Vo.,  Itesletfj  iv, 

Archaopteryx,  v,  129,  vi,  127,  xl,  271. 
Axoic  age  of  N.  J.  Highlands,  ix,  221. 
of  Mexico  iron  ore,  ix,  858. 
rocks  of  Michigan,  ix,  290. 
of  N.  Y.,ix,96. 
Barrel-quartz,  HUliman,  viil,  104. 
Beatrlcese,  HyaU,  ix,  261. 
Oalomoporse  in  gravel  near  Ann  Arbor, 

Bominger,  iv,  389. 
Carboniferous    and   Permian,   species 
common  to,  Kirlcby,  v,  138. 
crustaceans  of,  vi,  277. 
formation  of  N.  A.,  Letqxterevx,  ii, 
15, 193,  ill,  206,  V,  875. 

Cape  Breton,  vi,  179. 
flora  01  N.  Scotia,  Davmm,  vii.  419. 
insects  of  Illinois,  vii,  84,  xl,  26a 
Saurian  vertebne  of  N.  Scotia,  iii, 
188,278,iv.l. 
a  seam  of  coal  In,  Andrews,  vili,  194. 
Labyrinthodont,  new,  vi,  277. 
rocks  and  fossils  west  of  Missis- 
sippi, etc,  Meek,  ix,  167. 
Centronella  genus,  etc.,  BiUingi,\\,  286. 
Cepholopods,  new,  and  rocks  of  Mich., 

Hi,  362. 
Conn.  River  sandstone,  footmarks  of, 
vi,  46, 126. 
fossil  larve  in,  Ul,  461. 
Copper  range  of  Lake  Superior,  iii,  820, 

iv,  112. 
Cretaceous  in  California,  viil,  261. 
of  W.  Tennessee,  vii,  SCO. 
of  Texas,  Meek,  il,  278. 
west  of  Mls8is8ipr>i,  ix,  167. 
transition  to  Tertiary,  vlii,  287. 
Crinoid,  genus  Erisocrinus,  Meek, 

178,860. 
Crvptonella,  Centronella,  etc.,  HaU.  v, 

m,  vi,  11, 
Crystalline    limestone,    produced    by 

heat,  vi,  27a 
Denudation,  eflfects  of.  Jukes,  iv,  489. 
Devonian,  American,  Ikiweon,  v,  809. 

flora,  Dawson,  v,  811,  vi,  41, 279. 
Catskill  group,  age  of,  Jewett,  iv,  418. 
and  Chemung  groups,  identili- 
cation  of,  v,  6L 
crustaceans  of,  vl,  277. 
Insects,  N.  Brunswick,  ix,  857. 
microscopic   organisms   of  horn- 
stone  in,  Hi,  385. 


Gboloot— 
Devonian  nattire  of  Elgin  sandstone* 

viil,  28a 
Dlnotherlum  a  Marsupial,  vlll,  427. 
Dlptera  of  the  Amber-fauna,  vii,  805. 
Drift,  Dawson,  vlll,  233. 

In  Brazil,  Agansiz,  xl,  889. 

In  Michigan,  Winehdl,  xl,  881. 

MurcfiUon  on,  Ix,  86a 

Periodj  Pictet,  I.  346. 
Enallosaurian  remains  from  N.  Scotia* 

Marsh,  III,  138,  278,  Iv,  1. 
Fishes,  American  fopsll,  Newberry,  Iv,  78. 
Fossils,  Arctic,  HaWs,  v,  293,  xj,  81. 

fruits  of  Brandon,  Vt.,  II,  865. 
Gait  limestone.  III,  46,  Ix,  853. 
Glacial,  see  Glacial. 
Gonlatlte  limestone  at  Rockford,  Ind.* 

Meek  and  Worthen,  il,  167, 288. 
Human  remains,  see  Man. 
Ichthyosaurian  skin,  Ix,  86a 
Jurassic,  feathered  vertebrates  of,   t» 

129,  vl,  sia 
Lauren tlan  fossils  In  Canada,  I,  898,  vi, 
222,  vll,  272,  vlll,  281, 431,  xl,  844, 39ll 
Leclare  limestone.  III,  46,  Ix,  353. 
Leptoccella  concava,  v,  84, 
Lias,  transition  of,  to  Oolite,  Samsav^ 

vlll,  286. 
Llngula-flags,  fossils  In,  vlll,  122. 
Llngula  poUta,  TlliifJU^d.  Iv,  186.? 
Mastodon  In  California,  It,  186,  vlll,  264. 

In  Michigan,  Winchell,  vlii,  228. 
Megatherium,  vl,  300,  vlii,  296. 
Oneida  conglomenite.  Jewett,  vlll,  121. 
Palasterina  (?)  Jamesll,  Dana,  v.  296. 
Paleozoic  climate,  Hunt,  yi,  896. 
Pebbles,  elongated,  I,  375,  440. 
Permian  of  England,  Murchison,  vUL 

287. 
Petroleum,  see  Pbtrolbum. 
PlanU,  fossU  In  Nebraska,  Heer,  1, 485. 

Equlsetum  In  gneiss,  xl,  124. 
Pleurodyctlum  problematlcum.  v,  82. 
Potsdam  sandstone,  tracks  in,  1, 17. 

crustacean,  new,  v,  295. 

fossils  of,  Winchell,  vll,  226. 

of  N.  J.  zinc  mines,  U,  20a 

Trilobltes  of.  In  Wlsconshi,  1,  294, 
li,149.  »   »       » 

in  Vermont  il,  232,  454,  Hi,  100, 106, 
370,421.  ,.,"*.,, 

Primordial  fauna,  I,  210. 

fossils  In  N.  Brunpwlck,  Ix,  85. 

In  Texas,  11,  218. 
sandstone  of  Rocky  Mts.  ill,  6a 
Ptcrildffi,  Meek,  vll,  212. 
Quebec  group  and  copper-bearing  rocks 
of  L.  Superior,  Looan,  III.  320. 

at  Point  L^vl,  With  catalogue  of  fos- 
sils, Logan,  vl,  866. 
age  of,  Logan,  111,  106. 
fauna  of,  Logan,  I,  216. 
Red  sandstone  of  Vt.,  age  of.  BiUinas, 
IL  232,  III,  100,  870,  ^1. 
a  If.  Hitchcock,  II,  464. 
Rhwtlc  beds  of  England,  vUi,  284. 
Rocks,  see  Rocks. 

Rocky  Mts.,  period  of  elevation  of, 
near  sources  of  Missouri,  ill,  806. 
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Geology— 
8aliferou8  rocks  and  salt   sprines  oil 

Michiffan,  Hlm-Arf^,  iv,  807. 
Silurian  beds  of  W.  Tenn.,  S(^ord,  1 206. 
fossils,  new,  id,  196,  279,  iv,  196. 
rocks  of  N.  Scotia,  viii.  280. 
Glauconlte  in,  Bunt,  iii,  277. 
Solar  system,  unity  of  geoL  phenom- 
ena In,  Ui,  36. 
Taconlc  system,  SarrancUj  Logan  and 
HsU  on,  i,  210. 
Bunt,  li,  427.  Iii,  185. 
Jfmrccu  on,  iii,  281. 
Tertiary  in  California,  Whitney,  Tiii,  262. 
Eocene  lignite,  U.  States,  Conrad, 
xi,  265. 
Time-boundaries  in  ireoL  hist,  Jktna^ 

Ti,  227. 
Trees,  buried  branches  of,  in  Illinois,  Iz^ 

95. 
Trlasslc  mammalian  remains  In  Eng- 
land, vlil,  284,  285. 
rocks  of  Sierra  Nevada,  vili,  260. 
of  Penn.,  bone-bed  in,  i,  801,  il,  41, 
454. 
Saurian  remains  of  Keuper,  III,  188. 
Vertebrates,  distribution  of,  in  geologi- 
cal time,  Ti,  820. 

on  a  supposed  lower  Jaw,  Stimj}- 
Km,  Yi,  299. 
relations  of  classes  of,  Dana,  vl,  315. 
in  Waukesha  limestone,  position 
of,  iv,  186. 
volcanic  phenomena,  see  Yolcano. 
Geometrical  drawing,  Warren^t  Manual, 

111,808. 
Geometry,   descriptive,    Warren's  prob- 
lems of,  i,  448. 
German  Association,  vlii,  448. 
Germination  affected  by  ozone,  etc.,  Lea, 
vll,  878. 
chemistry  of,  v,  290. 
Germs,  diffusion  of«  see  Spontaneous, 
Oervaii,  on  sepulture  In  age  of  stone,  xl, 

185. 
Oesner,  on  coal  oils,  noticed,  i,  147,  xl,  291, 
Gibliotu,  jET.,  rising  of  streams  in  CaL,  vili, 

187. 
Glhbs,  J.  W.,  obituary  of;  I,  468. 
Gibbs,  W.,  on  platinum  metals,  I,  68,  Iv, 
841.  vll,  57. 

physical  1  abstracts,  i, 

112,  276,  41  ,  110,  414,  lU, 

270,  412,  Iv,  10,  411,  vl,  113, 

408,  418,  vl  ;,  viii,  106, 118, 

265,  415,  ix  d,  118.  257. 

atomic  w 

contribut  istry,  vii,  846, 

ix,58. 

appointed  Pro!  in  Harvard  ColL,  vl, 
809. 
Gibraltar,  human  remains  in  caves,  viii, 

282. 
Oitt,  T.,  Tryon's  Contributions  to  Con- 
chology,  V,  297.  I 

Bo&rook's  Ichthyology  of  S.  C,  vll,  89. 
Squall  of  California,  noticed,  v,  299. 
Synopsis  of  Squall,  noticed,  v,  299. 
Gittiss,  J.  Jf.,  cornel  U,  1861,  U,  254,  265, 
805.  i 


OUliss,  J,  M.,  earthquake  at  Penang  It- 
land,  li.  297;  at  Washington,  U,  45il 
appointed  to  U.  8.  Nav.  observatory, 

observations,  1861,  noticed,  v,  146. 
obituary,  ix,  235. 
OUman,D.  C.,  geographical  notices,  1,51, 

ill,  259,  iv,  87,  §56,  v,  223,  vii,  75. 
GUmore,  on  limes,  cements  and  mortariv 

noticed  vl  447. 
Glacial  action  In  California,  vili,  25a 

in  Himalayas,  Falconer,  vii,  273w 
in  Maine,  i>0  iUuiU,  v,  249,  vi,  274, 
vii,  885. 

in  Mohawk  valley,  Dana,  v,  243. 
in  Nova  Scotia^  SiUiman^  vii,  417. 
origin  of  certain  lakes,  v,  324. 
Glaciers,  action  of,  Jtuskin,  ix,  98. 
Oladstone  on  violet  flame  of  chlorids,  v, 

412. 
Olaiaher,  luminous  meteors,  viii,  443. 
Glass  coral  of  Japan,  Stimpion,  v,  458. 
Glucina,  carbonate  of,  Bntrkman,  iv,  321. 
Glucinum  and  its  compounds,  Jou,  vi,  83. 
Glycerine  employed  in  surgery,  li,  98. 
Cfoejmert  on  diamond,  noticed,  xl,  28& 
Oooayear^s  translation  on  assaying,  no- 
ticed, xl,  289. 
Gorilla,  Sanford,  ill,  4a 

Owen  on,  ii,  435,  Iv,  440. 
casts  of  parts  of,  viii,  292. 
height  of.  Gray,  ii,  437. 
Gothe's  Metamorphosis  of  plants,  viii,  126. 
GottMcfialk,  spectrum  of   chlorochromie 

acid,  viii,  109. 
Gould,  B.  A.,  obituary  of  Masterman,  Ti, 

448. 
I        eulogy  on  Hubbard,  noticed,  ix,  115l 
,  Graeger,  R.,  value  of  soap,  l,  114. 
Grahatn,  on  chemical  analysis,  ill.  412. 
Grandeau  on  rubidium  in  plants,  iv,  407. 
Grateloup,  obituary,  Iii,  149. 
Gratiolet,  on  the  brain  In  man  and  mon- 
keys, Iv,  188, 441. 
obituary,  xl,  140. 
Gravity,  WalUna,  xl,  254. 

and  magnetism,  relations  of;  Chase,  ix, 
312,  xl,  83, 166. 
Gray,  A.,  Botanical  notices  and  reviews, 
i,  128,  431,  443,  U,  124,  289,  Iii,  139, 427, 
430,  iv,  138,  282,  419,  v,  134,  480,  vi,  188, 
279,  432,  vii,  278,  433,  vUi,  122,  289, 428, 
ix,  101,  224,  858,  xl,  125,  278. 

Plants  fVom  Rocky  Mts.,  ill,  237, 404, 
iv,  249,  380,  v,  187. 

fertilization,  etc.,  of  orchids,  iv,  188, 
420,  vi,  292. 
DeCandolle*s  memoirs,  v,  1,  vl,  434. 
on  the  gas  evolved  by  leaves,  v,  121. 
Herbarium  of,  at  Cambridge,  viii,  138, 

^224. 
fanual  of  Botany  by,  noticed,  v,  448w 
Gray,  J.  R,  height  of  gorilla,  il,  437. 
Great  Britain,  ordnance  survey  of,  iv,  358. 

mining  statistics,  1864,  xl,  SOa 
Greece,  Vngers  tour  In,  vll,  79. 
Green  Mts.,  change  of  level  In,  vili,  348. 
Greene,  B.  D.,  obituary,  v,  449. 
Greg,  IL  B,,  periodic  meteors,  vll,  445. 
catalogue  by,  noticed,  ill,  29L 
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Grc88ly»  A.,  obituair,  xL  140. 

QriatixtcVt  Flora  of  W.  India  Ids.,  i,  129, 
iv,  288,  ix,  108. 
Plant®  Wrigbtlanse,  noticed,  i,  129. 

Gruner  et  Laru  M^tallargie  dn  Fer  en 
Anji^letcrre,  vl,  278. 

Guano  and  artificial  pearls,  ill,  120. 

Gnano  islands  of  the  Pacific,  iv,  224. 
products  of  Sombrero,  vi,  428,  xl,  867. 

Gulf  Stream  Cloud  Bank,  Hunt,  v,  889. 

Gvlick,  0.  H.,  on  Kilauea,  vU.  4ia 

Gum-arabic,  with  albumen,  vi,  268. 

Gun-casting  at  Pittsburgh,  vii,  296. 

Gun-cotton,  electric  properties  oil  tU, 
116,  ix,  84a 

Gunnery,  height  determined  by,  viii,  299. 

Gunpowder,  combustion  of  under  differ- 
ent pressures,  i,  429. 
force  of,  Barnard^  vi,  241. 

OUruHferg,  on  dextrin  with  albumen,  vi,268. 

Ouyoty  A.,  Appalachian  system,  i,  157. 
physical  maps,  by,  noticed,  vii,  80. 

Gypsum  as  a  fertilizer,  Johnson  on  Dch^< 
rain,  vi,  419. 

Gyroscope,  experiment  with,  Soody  ix,  259. 

H 

HacOl.  on  Formation  of  Canterbury  plains, 
noticed,  xL143. 

Hackley,  C.  W.,  obituary,  i,  808. 

Haeusser,  E.,  obituary,  i,  4ol. 

Hager'i  GeoL  of  Vt.,  noticed.  Hi,  416,  iv, 
185,  V,  480. 

Hague,  J.  i)..  Guano  Islands  of  the  Pacific, 
iv,224. 

HaidingtT.  W.,  on  meteorites,  ii,  135,  440, 
iv,  152,  vi,  150,  vlii,  424,  xl,  184. 

Haldeman'i  Tour  of  a  Chess  Knight,  no- 
ticed, xl,  291. 

Hale's  flora  of  Wisconsin,  noticed,  i,  180. 

Hall,  A,,  elements  of  comet  1, 1861,  ii,  259. 

HaU,  a  F.,  Arctic  expedition,  i,  54,  iv.856. 


collections  at  F^obi^her  Bay,  v,  298. 
Jan,  E.,  botanical  collections  in  Rocky 
Mts.,  V,  137,  vl,  129. 


HaU,  J.,  primordial  fauna  and  Point  Levi 
fossils,  I,  220. 

Potsdam  sandstone  and  Hudson  river 
rocks  In  Vermont.  Ill,  106. 

rejoinder  to  criticbms  on  his  Palaeon- 
tology, lU,  127. 

on  new  Potsdam  crustacean,  v,  295. 

Cryptonella,  Centronella,  etc,  v,  896, 

Palaeontology  by,  noticed,  i,  292,  U, 
480,  III,  127,  2§5,  ^l,  187. 

geol.  survey  of  Wisconsin  by,  U,  454, 
ill,  420, 458. 

Crinoldea  of  Upper  Helderberg  and 
Hamilton  groups,  by,  Iv,  282. 

new  Nli^^ara  fossils,  noticed,  vi,  127, 
ix,858. 

Crinoldea  of  Waverly  sandstone  by, 
notice  of,  vli,  140. 

Fauna  of  Potsdam  sandstone  by,  no- 
tice of,  vii,  140. 

Laurentlan  In  K  New  York,  noticed, 
Ix,  96. 

Canadian  graptoUtes,  noticed,  Ix,  224. 
Hamilton,  W.  K.,  obituary,  xl,  896. 


Harccurt,  on  perozyds  of  jKHasslnm  and 
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HarknetB,  on  Kosshlre  sandstone.  vUl,288. 
Barley,  on  animalcules  In  the  blood,  vilL 

293. 
Hamut,  on  hydrate  of  soda,  vii,  117. 
Harris,  Insects  li\]urious  to  vegetation, 

noticed.  Ill,  484. 
Harrison,  3.  F.,  solution  of  Ice,  v,  49. 
Hartnumsupit  Fortschritte  dcs  metallur- 

gischen  Hutteneewerbes,  &c,  vl,  278. 
Hartt,  on  prlmormal  fossils  of  N.  B.,  Ix, 
856. 
fossil  Insects  discovered  by,  lXi857. 
Harvey's  Thesaurus  Capensls,  i,  128.  vli, 
2«6,xl,126. 
Phycologia  Australica,  vU,  286. 
Flora  Capensls,  1, 128,  v,  444,  xl,  125. 
Houghton,  on  reflexion  of  polarized  light, 

vl,  109. 
Hoyden,  F.  V.,  GeoL  of  headwaters  of 
Missouri  and  Yellow  Stone,  1, 229,  ill, 
462. 

Rocky  Mts.,  primordial  sandstone  of. 
111,68. 

period  of  elevation  of.  Hi,  805. 
Mandan  Indians  and  their  language, 
iv,57. 
U.  S.  surreys,  Iv,  98. 
Ethnography,  etc.,  of  Indians  of  Mis- 
souri vailey,  noticed,  iv,  446. 
see  farther.  Meek  and  Havden. 
Hayes,  A.  A.,  copper,  lead  and  tin  in  alco- 
holic spirits,  iL  114. 
Hayes,  Dr.,  Arctic  voyage,  I,  51,  11,  451, 

ill,  268,  Iv,  95. 
Hayes,  S.  J).,  lead-salt  corresponding  to 
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Haytl,  Indian  Race  of,  VanHeuvd,  v,  171. 
Heat,  absorption  and  radiation  of,  il,  106. 
Australian,  v^  49. 
In  gases,  U,  104. 

ramant,  passage  of  through  rock-salt, 
vU,267. 
from  sun,  Mayer,  viil,  899. 
of  Interior  of  earth.  Mayer,  vill,  404. 
of  earth,  cooling  of,  vlll,  407. 
sources  of,  Mayer,  vL  262. 
sun*s,  measure  of,  Mayer,  vl,  264. 
Tyndall  on,  noticed,  vl,  810. 
vibrations,  Oroll,  vlll,  267. 
Heath  In  N.  America,  ii,  290,  ill,  22,  viii, 

122,  428,  ix,  228. 
Heer,  0.,  reply  to  Newberry  on  age  of 

Nebraska  leaves,  I,  435. 
Height  of  Lake  Geneva,  vlll,  800. 

mountains  In  CaL,  Whitney,  vL  128, 
vU,  81,  vlll,  258,  298,  Ix,  10. 

In  Rocky  Mts.,  vill,  148. 
determined  by  gunnery,  vlll,  299. 
Heis,  on  meteor,  Dec  1861,  Iv,  481. 
on  August  meteors,  1868,  vl,  444. 
on  meteor,  March,  1863,  noticed,  vi, 
445. 
on  radiants  of  shooting  stars,  vill,  290. 
Hddt,  on  oxvgen  and  hydrogen,  v,  112. 
Hemeristla  occldentalls,  vli,  85,  xl,  268. 
Henckel  von  Donnersmarck,  obituary,  IIL 

427. 
Henneberg,  on  urine  of  oxen,  v,  291. 
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Hmneffy^  on  Maw,  Till,  485. 

Henriciy  on  function  of  roots,  yil,  136. 

Senry^  /.,  distribution  of  specimens  in 

nat.  hist,  by  Smithsonian  Inst.,  iil<441. 
Henslow,  J.  8.  obituary,  Oray^  lii,  4^. 
Hepbum^s  meteorological  record,  Japan, 

lv.96. 
Herbivores,  classification  ot  Dana,  vii, 

157. 
Herrick^  R  (7.,  shootinfr  stars,  i,  138,  U, 

2H,  iii,  147,  148,  290, 29L 
Auroral  record,  ii,  81. 
seventeen-year  Cicada  in  1860,  New 

Haven  Co.,  Conn.,  iil,  433. 
obituary,  iv,  159. 
HerscheL  A.  S.y  on  August  meteors,  1863, 

Serschely  /.,  on  the  sun,  vlii,  143. 

spectrum  of  shootinestars,  ix,  332. 
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noticed,  i,  130. 
Eetsmberg^B  Min.  Notizen,  vii i,  427. 
Heterogeuy,  see  SporUaneoHs  Generation, 
HeugUn'9  search  for  Dr.  Vogel,  i,  59. 
HUdreUiy  8.  /*,  Meteorology,  etc.,  of  Mari- 
etta, 1860,  i,  252. 
1861,  lii,  »il6;  1862,  V,  181, 
obituary,  vi,  312. 
Jf%a}xr«  Geol.,  etc,  of  Miss.,  noticed,  ii, 

Himalayas,  glaciers  of,  FoUeoner^  vii,  273. 1 

mnd,  If,  r.,  GeoL  of  N.  Brunswick,  no-,' 

ticed,xl,142.  | 

Slnd,  J.  B,,  disappearance  of  nebula,  iii, 
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JfinrichSy  O.,  density,  rotation,  and  rela-| 

tive  age  of  the  planets,  vii.  36. 
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planetology,  ix,  46, 134,  276. 
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on  researches  of,  Kirhoood,  vlii,  9. 
Hlppuric  acid,  Jtfafer,  Ix,  208. 

in  animal  organisms,  v,  291. 
Htrriy  L^^qulvalent  m^canique  de  la  cha- 

leur,  1, 155. 
Hitchcock^  a,  red  sandstone  of  Vt,  ii,  454. 
antimony  In  Canada,  vii,  405. 
Albert  coal,  Ix,  267. 
Maine  GeoL  Report,  noticed,  vl,  274. 
SUehcocky  My  conversion  of  conglomer-, 
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fossil  footmarks,  vi,  46. 
Vt.  GeoL  Report,  by,  iil,  416,  Iv,  186,! 
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reminiscences  of  Amherst  ColL,  by,, 
notice  of,  vii,  148.  | 

Ichnology  of  New  England,  Supple- 
ment, noticed,  xl,  392. 
obituary  of,  vll,  302. 
Hochstetter,  Prof.,  death  of,  I,  461. 
Hqfmanny  polyatomic  bases  of  nitrogen, 
phosphorus  and  arsenic  series,  i,  420. 

separation  of  mono-,  bi-,  and  triethyl- 
amin,  i,  422. 
on  ouilin  dyes,  v,  417,  vi,  418, 
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i3Wm«8'»  fossils  of  8.  C,  Ul,  298. 
Uolyoke  water-&Il,  Loomiiy  vi,  854^ 
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of.  ii,  413. 
Hw^,  /.,  on  Welwitachia,  noticed,  vi, 

434,  xl,  273. 
Hooker,  J,  D.,  Arctic  Plants,  noticed.  It, 
144. 
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148. 
N.  Zealand  Flora,  ix,  859. 
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obituary,  xL  ^8. 
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influence  of  the  moon  on,  Baehe^  It, 
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Hough,  O,  TF.,  comet,  XL  1862,  iv,  SM. 

machine  for  cataloguing  stars,Tiii,  166. 
HoWy  H.y  natro-boro-calcile In  Nova  Scotia 
g}'psum,  ii,  9. 
on  gyroUte,  ii,  18. 
Hubbard,  J,  S,,  elements  of  comet  U,  1861, 
U,  310. 
obituary  of,  vi,  318. 
eulogy  on,  noticed,  ix,  115. 
HubneTy  on  cyanidof  phosphoms^viit^^ 
Hudson  Bav,  explorations  of,  v,  287. 
Hugginsy  Ir.,  spectra  of  fixed  stars  and 

neoule,  xl,  Td,  133. 
Human,  sec  Man, 
Humphreys  <&  AbboVi  Report   on   Hiss. 

River,  fii,  181,  v,  228,  vi,  16, 197. 
Hunt,  K  Ry  Florida  Reef,  v,  197. 

physical  notes  at  Key  West,  v,  888. 
obituary,  vi.  450. 
Hunt,  T,  8.,  geoL  survey  of  Canada,  i,  1381 
theory  of  types  in  chemistry,  1,^6,460. 
chrome  garnet,  i,  295,  360. 
American  geolojg^,  i,  392. 
chloritold  m)m  Canada,  i,  858, 44S. 
OEone,  nitrous  acid,  nitrogen,  U,  109, 
T,27L 

origin  of  some  magnesian  and  alomi- 
nous  rocks,  ii,  286. 
Taconic  system,  ii,  427,  iii,  185. 

flauconlte  In  lower  Silurian,  iii,  277, 
Itumens  and  pyroschlsu,  ▼,  157. 
claims  theory  or  nitrification,  v,  27L 
metamoiphlc  rocks,  vl,  214. 
on   Macfarlanc   on   manufietcture  of 
soda,  etc,  vl,  269. 
climate  in  the  Paleozoic,  vi,  896. 
Jade,  vi,  426. 

UthologT,  vii,  248,  vlii,  91, 174. 
Laurentian  Rhizopods  of  Canada,  Eo- 
zoon,  vll,  431,  xl,  344. 

chemistry  of  natural  waters,  ix,  178, 
xl,  43, 193. 
Hunter,  on  absorption  of  gases  by  char> 

coal,  vi,  412. 
Hurricanes  at  Key  West,  Hunt,  v,  893w 
Huxley,  T  H.,  on  brain  in  man  and  mon- 
keys, iv,  188,  441, 
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Biateg^  T,  H,^  Man*8  place  in  Nature,  no- 
ticed, V,  451. 

on   new  Garboniferons  Labyrintho- 
dont,  vi,  277. 
Ori^n  of  species,  noticed,  Ti,  812L 
Comparative  Anatomy,  by,  vlii,  294. 
HyaU^  A.y  on  the  Beatrices,  ix,  261. 
Hybrid  plants,  return  to  parental  forms, 

Hydrastine,  Mahla  on,  ill,  43,  yi,  57. 
Hydrate  of  baryta,  preparation  of,  ii,  118. 
magnesia,  crystalline,  11,  94. 
80<te,  Hamu  on,  vli,  117. 
Hydraulics  of  Humphreys  and  Abbotts 

Report,  BamarcL,  vi,  197. 
Hydrocarbon,  C^Hs,  in  coal  gas,  i,  118,  y, 

115. 
Hydrocarbons,  new  modes  of  forming,  iy, 
131. 

process  of  fractional  condensation  for 
separating,  Warren^  ix,  827. 
TOtotile,  Warren,  xl,  89,  216. 
Hydrofluosillcic  acid,  Ui,  277. 
Hydrogen,  an^eniuret  of,  yii,  117. 
compound  of  Iron  and,  iii,  272. 
nascent,  sulphuric  acid  reduced  by,  ii, 
412. 
peroxyd  of,  r,  114. 
phosphuretted,  viii,  313. 
properties  of,  v,  112. 
replacement  of,  in  ether,  Ix,  95. 
Bulphid  of,  reaction  with,  xl,  838. 
Hylerpcton,  vl,  431. 
Hylonomus.  vl,  430. 
Hyperchloric  acid,  JRoscoe  on,  iy,  181. 
Hypermanganic  acid  and  compounds  of 
scsquioxyd  of  manganese,  optical  dis- 
tinction of,  vll,  408. 
Hyponitric  acid,  MuUer  on,  iy,  182. 

spectrum  of  1, 415. 
Hyposulphite  of  soda,  yil,  846. 


Ice-cylinders,  by  pressure  through  ori- 
fices, xl,  184. 
density  of,  Dufour  on,  Iv,  275, 870. 
manulacture  of,  Carrd  on,  yi,  405. 
effect  of,  in  boiling  water,  iv,  180. 
solution  of,  on  Inland  waters,  Hcarri- 
«m,  V,  49. 
in  Kennebec  R.,  Gardiner ^  xl,  20. 
Ichnographs  from  Conn.  River  sandstone, 

D(dane  on,  noticed,  vl,  126. 
Ichthyosaurus,  skin  of,  Ix,  858. 
Illinois  geoL  survey,  report  on,  1, 124, 125, 

buried  stems  and  branches  In,  Ix.  95. 
Nat  Hist.  Soc.,  Transactions  or,  vi, 
812. 
India,  configurations  of,  SchlagU/UweUy  iv, 
101,  96. 

Earakorum  range,  measurement  of 
peak  in,  Iv,  865. 
Indian  race  of  Haytl,  Van  Heiwd,  v,  171. 
tribes  of  Missouri  Valley,  HaydaCi 
Ethnography  of,  iv,  446. 
Indiana   Geological   Reconnoissance,  by 

Owm,  noticed,  v,  154. 
Indislne,  II,  268. 

Indium,  Beich,  vl,  415,  Til,  269,  vlll ,  118. 
Ax.  JouB.  Soi.— Sbcokd  Sbbim,  Vol. 
53 


IndluuLwave  length  of  blue  line  of,  xl,  289. 
InAisoria  In  organic  solutions,  Iv,  79. 
Infusorial  earth,  analysis  of,  viil,  277. 
Ink,  prize  for,  xl,  189. 

plant,  Jamemm,  vll,  287. 
Insects,  fossil,  from  Carboniferous  of  Illi- 
nois, vll,  84,  xl,  26a 

of  N.  Brunswick,  Ix,  857. 

mounted  for  mlcrobcope,  vi,  157. 

ravages  of,  a  cause  of  their  destrao- 
tion,  vlll,  299. 

see  also  Zooloot. 
International  College,  NickSh.  Iv,  125. 

Exhibition.  Science  of!  Jlfor*A,  v,  256. 
Ceramic  Arts  of,  SaMtat^  v.  268. 
Interpenetration,  chemical  theory  of,  (7.  S, 

Pierce,  v.  78. 
Interpolation  In  physics  and  chemistry, 

Bartlea,  Iv,  27. 
Inundations,  causes  of,  1, 275. 

of  Nile,  Jih^,  v,  62. 
Iodine,  violet  colors  from,  vlll,  148. 
Iridium,  ores  of,  resolved,  I,  64. 
Iron,  ammonla-picruto  of,  I,  86. 

Besaemer^s  process  for,  v,  42L 

carbon  in,  iH,  278. 

carbonate  of  sesquloxyd  of;  iy,  82L 

chromic,  vil,  858. 

combination  of  hydrogen  and.  III,  273. 

containing  <  opper  In  puddling,  1, 115. 

desulphuratlon  of,  In  puddling,  y,119. 

manganese  in,  v,  120. 

meteoric,  see  Meteoric 

nitrate  of,  Ordtoay,  xl,  816. 

oxyd  of,  from  lime,  etc.,  1, 118. 

permeability  of,  vll.  441. 

sensitive  reaction  for,  Till,  266. 

separation  from  other  bases,  by  ace- 
tate of  sodium,  Ix,  60. 

separation  of  seequioxydandprotozyd 

silicon  In,  y,  118. 

Tiasier't  process  for,  1, 120. 

titanium  In,  vli,  126. 

tungsten  in,  vU.  lia 

at  London  Exhibition,  y,  25a 
Iron  ore  In  Arizona,  Blake  ^  xl.  888. 
In  Mexico,  Ix.  809,  858. 
in  Michigan,  KimbaU,  Ix,  290. 
Isthmus  of  Daricn,  ship-canal  near,  111,296. 

of  Suez,  cutting  of,  and  cutting  of 
other  Isthmuses,  vlll,  800,  Ix,  85. 
Italian  exhibition,  1861,  Ul,  152. 

Soc.  Nat.  Set,  xl,  895. 
Italy,  mineral  productions  of;  111,  158. 

geoL  map  of,  111,  151. 
Ives,  Dr.  Eli,  obituary  of,  11, 455. 
/wet,  /.  G,  Colorado  river,  report,  Ul,  887. 
Ivory,  vegetable,  vli,  445. 


Jackson^  C.  T.,  sketch  of  John  Evans,  ii, 
81L 

Tellurblsmuth  fh)m  Oa.,  v,  99. 

Dakota  meteorite,  vl,  259. 

emery  In  Chester,  Mass.,  ix,  87. 
James,  £.,  obituary,  iii,  42a 
Jameson,  on  Ink-plant,  vU,  287. 
Jan,  0.,  Prodromo  degU  Ofidl,T,  455. 
Japan,  geoL  exploration,  II,  148,  ill,  155. 

glass  coral  of,  v,  458. 
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Japan,  meteorological  record  In,  !▼,  96. 
Jeanrenattd,  formula  for  collodion,  v,  419. 
Jenkin^  thermoelectric  currents  inicir 

cuiti  of  one  metal,  iv,  435. 
JetKl'eau  fVom  air  heated  under  glass,  yiii, 

445. 
Jewett,  E.,  age  of  CatsklU  group,  It,  4ia 

Oneida  conglomerate,  viii,  1:21. 
Jobard,  obituary  of,  ili,  106. 
Johnmm,  S.  W.,  Cbancel^s  method  of  esti- 
mating phosphoric  acid,  1,  28S. 

soil  analyses  of  geoL  suryeys  of  Ky. 

and  Ark.,  il,  2Sa 

oesium,  v,  94,  vi,  418. 

chemical  abstracts,  v,  115,  123,  283, 

290,  418,  423,  vi,  116,  268,  271,  419,  tU, 

122, 186. 

silica  in  the  higher  plants,  v,  124. 

alkalimetry,  y,  279. 

composition  of  soils,  y,  292. 

nitrogen  question,  y,  426. 

thallium,  vii,  121. 

Leibig's  Chemistry,  yii,  135. 

Meissner  on  oxygen,  ozone,  andanto- 

eone,  yii,  325,  yiii,  18. 

Johnston^  /.,  electric  properties  of  pyroxy- 

llne  paper  and  gun-cotton,  yii,  115,  ix, 

348. 

Jomi  rd,  E.  F.,  obituary  of,  y,  261. 

Joru»^  T.  R^on  fossil  Estheriie,  noticed, 

yi,  277,  vii,  140. 
Jnt^fjProjf'n  Cours  de  Droit  Naturel,  1, 155. 
^,  C.  A.y  glucinum  and  its  compounds, 
VI,  83. 
on  a  meteorite  fW>m  Chill,  yii,  243. 
the  Chimentl  pictures,  ylli,  199. 
JukeB,  J.  jK,  yariations  of  earth's  surface, 
ly,  439. 
Manual  of  Qeology,  noticed,  iy,  282. 
Jtdien^  A.  A.,  Sombrero  guano,  yi,  424. 
new  guano  minerals,  xl,  3o7. 
siliceous  spicules  ft-om  Sombrero,  xl, 
879. 


Kaliclne,xl,124. 

KamUchatka,  volcanoes  of;  xl,  272. 
Kansas,  geolojry  of,  ifedfe,  ix,  157. 
JTarjfm,  K.  Floras  Columbiss  Spedmina, 

ii,289. 
Kaskaskia  rlyer  basin,  y,  232. 
Kennebec  R.,  ice  in,  Gardiner ^  xl,  20. 
Kennedy  channel,  fossils  from,  xl,  3L 
Kentucky  gcoL  survey,  i,  294, 460,  li,  118, 

233,  28L 
Kerl.  Uandbuch  der  metallurgischen  Hiit- 

tenkunde,  U,  150,  vi,  272,  vU,  185. 
on  Assaying,  translation  noticed,  xl, 

289. 
Keroselene,  Storer^  il,  276. 
Xerttett^on  detection  of  nitric  acid,  yi,268. 
Ketoidmeyery  Ueber  den  Ursprung  der  Me 

teorsteine,  ill,  292. 
Key  West  physical  notes.  Hunt,  y,  388. 
KhanikofTs  Persian  researches,  iy,  862. 
Kieser,  U.  G.  v.,  obituary,  v,  449. 
KwibaU.  J.  P.,  iron  ores  of  Michigmn,  Ix, 

290. 
Jdndberg^  MonographiaLepigonomm,  Til, 

435. 


King,  C,y  explorations  hi  Sierra  Netada, 

ix,  10. 
Kinffy  ffl,  loss  of  light  by  glass  shades,  i, 

283. 
Klnic  acid,  reduction  to  benzoic,  t,  S9L 
Kirehhqff,  analysis  of  solar  atmosi^ere,  i, 

cesium  and  rubidium,  H,  409. 
solar  spectrum,  iv,  404,  vl,  26^. 
Kirkbuy  J,  W.,  species  common  to  Car- 
boniferous and  Permian,  y,  133. 
Kirkwood,  D.,  Nov.  meteors,  I860, 1,  U8l 
orbito  of  binary  stars,  vii,  238. 
harmonies  of  solar  system,  viii,  L 
planetary  distances,  Ix,  66. 
on  analogies  of,  Trowbridgty  ix,  25. 
Klotzach,  J.  P.,  obituary,  i,  461. 
Knoblattch,  passage  of  raaiant  heat  through 

rock-salt,  vU,  567. 
Kobell,  Oemsbart  electroscope,  vi.  111. 

Geschichte  d.  Mlneralogie,  viii,  «a 
Koeniffy  sulphate  of  copper  as  a  preserva- 
tive of  wood,  ii,  274. 
Kolbe,  reduction  of  sulphuric  add  bj  nas- 
cent hydroffcn,  il,  412. 

monocarbon  and  dicarbon  adds,  vUL 
265. 
Kolky  energy  of  chemical  action,  Ix,  98. 
KranWs  catalogue  of  crystal  models,  v, 

mineral  catalogue,  Ix,  878. 
KutM,  processes  of  gold  and  sflver  ex- 

tmction,  noticed,  vu,  134. 
KtAhlmann,  tar  as  preservative,  vi,  406t 
Kupffer,  obituary  of,  xl,  140. 
Kurile  Is.,  volcanoes  of,  xl,  272. 


Ladevi'RoeTie,  Unit6  des  Races,  t,  270i 
Lake  Geneva,  height  of,  viii,  80a 

Superior,  copper  range  oL  L  850,  UL 
320,  U,  112,  vii,  431. 
Lake-habitations  in  Austria,  vilL  439L 

fai  Bavaria,  viU,  437. 

Carinthian,  ix,  372. 

in  Switzerland,  iv,  161,  xl,  185. 
Lakes,  glacial  origin  of,  v,  824. 

Norway,  marine  crusuceans  In,  vllL 
293. 
LaLande  prizes  v,  dOL 
Lami,  work  of  elastic  forces,  vi,  409L 
Loany^  thallium,  iv,  275,  v,  278. 

on  thallic  alcohols,  Ix,  220. 
LandoUy  indices  of  reduction  of  flaid  ho- 
mologous compounds,  v,  415. 
Lanff  on  sulphate  of  thallium,  vii,  117. 
Langlev.J.  »V.,  detection  of  picrbtoxine, 

Lartety  man  accompanied  by  the  reindeer 

in  France,  viii,  145. 
Larve  budding,  Wagner  on,  ix,  llO^SfiSL 
Latrobe,  R  H.,  sand  hills  of  Cape  Henry, 

xl,  261. 
Laurent'i  Theorie  des  Series,  v,  270. 
Laurentian,  see  Gboloot. 
Lautermann,  reduction  of  kinic  to  benaoie 

acid,  etc.,  in  animals,  y,291. 
Lavocat,  on  cephalic  vertebriB,  viii,  208. 
Lctvoitier.  unpublished  memoir  by.  tt,  9& 
publicatioa  of  works  oi;  t,  26A. 
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Lawrence  Scl  School,  contributioiiB  from, 
vil,  846,  ix,  5a 

fflfts  to,  Ix,  286,  874. 
water-fall,  Zxxwiw,  vi,  360. 
Lea,  1,  OD  genus  Unio,  notice  of,  iv,  451, 

V,  U8,  vl,  189,  vii,  486. 
Zeo,  M.  C.J  picric  acid  a  test  for  potash,  i,  75. 
combinations  of  ammonia,  picric  acid, 
and  metallic  bases,  1,  7S. 
plcramlc  acid,  1, 188,  ii,  210. 
estimation  of  nitrogen,  proposed  pro- 
cess and  acidimetrlc  process,  i,  189. 
ethyl  bases,  production  of,  11,  25. 

separation  of,  ii,  26. 
nitrate  and  nitrite  of  ethyl,  ii,  177, 
lii,  86. 

urea  from  ferrocyanid  of  potassium, 
U,179. 
history  of  picric  acid,  ii,  180. 
colored  derivations  of  napthaline,  11, 
211,  lii,  229,  vlll,  360. 

compound  of  ammonia,  mercury  and 
nitric  acid,  ii,  874. 

reactions  of  ethylamine  and  diethyl- 
amine,  iii,  80. 

methyl  bases  and  nitrate  of  methyl, 
ili,227. 
metlilyamlne,  iii,  366. 
triethylamine,  iv,  66. 
aspirator  and  blower,  iv,  245. 
improved  retorts,  iv,  302. 
relations  of  chcm.  equivalents,  iv,  387. 
Storer's  Dictionary  of  Solubilities,  vii, 
801. 

effect  of  ozone,  etc,  on  germination, 
vii,  37a 

distillation  of  volatile  substances,  vii, 
377. 

coloration    of   faded    photographic 

prints,  vil,  43a 

platinum  metals,  vlii,  81,  24a 

aldehyde,  vUi,  114. 

ozone  on  insensitive  lodidandbromid 

ofsilver,  ix,  74. 

oxalate  of  ethyl,  ix,  210. 

reactions  of  i^elatine,  xl,  81. 

invisible  photof^raphic  Image,  xl,  109. 

Lead,  concentration  or  silver  in.  v,  119. 

oxyd  of,  Wichmann  on,  i,  116. 

in  aqueduct  pipes,  corrosion  of,  ii,  115. 

in  basaltic  tufa,  i,  368. 

in  alcoholic  spirits^  Ii,  114^ 

in  silver  coins,  1,  430. 

Lead-salt,  corresponding  to  cobalt-yeUow, 

i,  226. 
Leavenworth,  M.  C,  obituary,  v,  306,451. 
LeOontfj  J.,  Silver  Sprinif  of  Florida,  i,  1. 
LeCont«,  Mnjor  J.,  obituaiy,  i,  803,  462. 
Lecoq'8  Vie  des  FleurM,  Iv,  12Sw 
Lehmann,  J.  6.  C,  obituarv,  i,  461. 
Leidi/s  Human  Anatomy,  ii,  149. 

IJ.  S.  Cretaceous  Reptiles,  xl,  891. 
L^fean's  expedition,  iii,  263. 
Leonhard,  K.  C.  v.,  obituary,  iii,  453. 
Leprosy,  treatment  of,  v,  2o6. 
Leptoccelia  concava,  Ritminger^  v,  84. 
LesMondes,  noticed,  v,  465. 
Ledey^  J,  Jt,  Lesquerenx's  table  of  com- 
parative sections,  il,  281. 
Appalachian  region  of  sontheni  ¥&., 


Lesief/y  J,  P.,  Goal-measures  of  Cape  Bre- 
ton, vi,179. 
age  of  N.  J.  Highlands,  ix,  231. 
on  petroleum  in  Va.,  noticed,  vii,  149. 
on  Mont  Alto  lignite,  noticed,  xl,  119. 
Leslq/^  J..  Jr.y  report  of  coai  fields  of 

Kentucky,  ii,  118,  281. 
Le»quereuXy  Zi.,  coal  formations  of  North 
America,  ii,  15, 193,  Ui,  206,  v,  875. 
fossil  fruits  of  Brandon,  Vt.,  ii,  a55. 
origin  and  formation  of  prairies,  iz, 
317,xl,28. 

botanical  report  of  Arkansas,  noticed, 
1,481. 

fossil  flora  and  coal  in  Kentucky, 
noticed,  il,  lia 
report  on  coal  of  Indiana,  v,  155. 
Level,  change  of,  in  Green  Mts.,  Scott, 
1    viU,24a^ 

Le  Verrier.  U.-J,^  planetary  system  and  ta- 
bles of  Mars,  ii,  222. 
LewUy  /.,  on  barometer,  xl,  23a 
Zeiris,  J,  C,  rain  following  discharge  of 

ordnance,  il,  296. 
LevdMcvy  on  sulphocyanid  of  ammonia, 

Li^en^  replacement  of  hydrogen  in  ether 

by  chlorine,  ethyl  and  oxethyl,  ix,  95. 
Liebig's  Chemistry,  etc.,  noticed,  vU,  135. 
Liebrdch  on  protagon,  xl,  113. 
Li^fert,  on  rcdevclopers,  vl,  4ia 
Light,  action  of,  on  sensitive  plate,  v,  286. 
combination  of  different  tints  of,  ix, 
264. 

combustion  by  invisible  rays  of,  ix, 
847. 

dispersion  by  rotation  of  plane  of 
polarization  in  c^uartz,  ix,  347. 

production  of  proto-organisms  by,  Ix, 
81. 
field  of,  in  eyes,  vlii,  441. 
interference  in  prismatic  and  difihu:- 
tion  spectra,  ix,  2ia 
loss  of,  by  glass  shades,  i,  28a 
polarized,   instrument  to  illustrate, 
8juU,  U,  376. 

refiection  of,  vl,  109. 
through  colored  media,  yeweomb.  L 
4ia 
velocity  of,  Ijovering^  vi,  161. 
wave  lengths  ol  rays  of,  vlll,  415. 
determined  by  interference  bands, 
tUI,  4ia 

of  blue  indium  line,  xl,  259. 
of  Fraunhofer's  lines,  ix,  215w 
see  fnrther.  Lustre,  Spectra. 
Lime,  carbonate  of,  ii,  112. 

in  a  meteorite,  xl,  2ia 
determination  of,  Ix,  344. 
estimation  of,  v,  116. 
phenate  o^  Into  rosalate  of,  Iv,  408. 
separated  from  alumina,  etc.,  1, 112. 
solution  of  sulphate  of,  v,  283. 
Linnsean  Society,  notice  of  Journal  of,  i, 

443,  ii,  127,  289,  Ul,  143,  iv,  2&5,  ix,  860. 
LintueuH't  Systema  Nature,  reprint  of,  xl, 

395. 
Unnemantt,  cyanid  of  sulphur.  Hi,  271. 
Linna9fj  on  redevelopers,  vi,  418. 
Linum,  dimorphism  in,  Danffiriy  vi,  279. 
LippineoU,Kaiy  climate  near  water,  ix,  87!^ 
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Liqnidflf  atomic  constitntion  of,  tI,  809. 
Liatj  piji^  iron  containing  copper,  1, 115. 
Litbinra,  as  phosptiate  of  lithia,  111,  416. 
in  hot  pprinffs,  viii,  447,  ix,  13. 
in  meteorites,  iii,  278,  iv,  407. 
spectrum  of,  iv,  407. 
Llthology,  Hunt,  vU,  248,  viil,  91, 174. 
lAUrovj'i  spectroscope,  v,  418. 
Livinoittone's  explorations,  iii,  262,  It,  80, 

vii,  87. 
Lcew^  Diptera  of  Amber  fauna,  yii,  805. 
Lctwenthaly  on  dyeinfir  mordanted  cloth,  i, 

117. 
Logatiy  T.  J/i,  meteorol.  observations,  Sac- 
ramento, 1860,  ii,  147;  for  1861,  ill,  293. 
Logariy  W.  £.,  track  in  Potsdam,  1, 17. 
Quebec  rocks,  fauna  of,  i,  216. 
a^e  of.  III,  105. 

and  copper-bearing  rocks  of  L. 
Superior,  ill  820.  , 

at  Point  L^vi,  with  catalocfue  of 
fossils,  vi,  366. 
Laurentlan  fossils,  Tii,  272. 
ceol.  of  eastern  N.  Y.,  ix,  96. 
Reports  of  Canada  Geol.  Survey,  no- 
ticed, 1, 122,  V,  134,  vi,  428,  ix,  224. 
London  Exhibition,  1862 ;  Report  of  Class 
I,  noticed,  vi,  278. 

Geol.  Soc,  Anniv.  address,  noticed, 
vi,  27a 
Longitude,  Bureau  of,  reconstructed,  iv, 

LoomU^  Ry  auroras  of  Aug.  and  Sept., 
1859,  and  auroras  generally,  il,  71,  818. 

coincidence  of  Aurora  Borealis  and 
Australis,  ii,  81. 

astronomical  notices,  ii,  132,  291,  488, 
iU,  144,  288, 485,  iv,  292,  430. 

electric  currents  and  auroral  beams, 
iv^. 

Everett's  method  of  reducing  tem- 
perature obscrviulons,  v,  31. 
vibrating  water-fells,  vl,  862. 
Astronomy  by,  notlcedjXl,  140. 
Louisiana,  salt  mine  in,  vi,  808. 
Lovering^  /.,  velocity  of  light  and  sun's 

distance,  vl,  161. 
Lubbock.  J.J  lake-habitations  of  Switzer- 
land, iv,  161. 
Lubbock.  J.  W.,  obituary,  xl,  28a 
Lucemaria,  Clark,  v,  846. 
Lucemarise,  Prodromus  of,  Clark,  v,  450. 
Lunar  systems  of  planets,  Binrie/iSy  ix, 

276. 
Lustre,  Brewiter^a  theory,  I,  842. 
Dove's  theory.  Hood,  i,  109,  839. 
production  of,  in  monocular  vision,  1, 
843. 

without  use  of  lustrous  sur&ce 
or  stereoscope,  Jiood,  Ix,  l»60. 
Luiher**  rediscovery  of  Calypso,  ill,  485. 

elements  of  Melete,  iv,  430. 
Lujfnex,  Ducde,  expedition  of,  vlil,  148. 
JjyaJVs  Botanv  of  BriL  America,  vU,  287. 
Lyceum  Nat.  Hist.,  N.  Y.,  Annah»,  vlil,  152 
LyeJl,  C,  Address  before  Brit.  Assoc.,  on 
mln.  waters  and  roetamorphlsm,  ix,  18. 
Antiquity  of  Man,  by,  noticed,  vi, 
125,  vll,  482, 
title  of  baronet  to,  viii,  801. 
Xfimaru  C.  S.,  oaanooading  heard  125 
miles,  iii,  154. 


Lymariy  /.,  trigonometcr  of,  iv,  157. 
lyyinauy  T.,  on  Ophiurlds  and  Aslrophy- 
tid%,  noticed,  xl,  28a 


MeChtmey'i  Fossils  from  Western  States, 

il,  122,  xl,  116. 
McClintock's  Arctic  soundings,  i,  57. 
MeOurdy,  If.  Z,  Chancel's  method  of  es- 
timating phosphoric  add,  i,  281. 
Macfarfant,  manufacture  of  Na,  CI,  etc, 

vl,269. 
Mackay,  J.  T.,  obituary,  v,  449. 
McMillan,  S.  i.,  rain-laU  in  Ohio,  ii,  996. 
Magellanic  premium  to  P.  E.  Chase,  ix, 

114. 
Magenta  from  coal-tar,  i^Jtwi,  il,  27L 
Magnesia,  crystalline  hydrate  of,  ii,  91 
salts,  with  carbonate  of  ammonia,  v, 
115. 
separation  from  iron,  etc,  i,  112^ 
Magnesium,  vl,  114. 

Ught,  vii,  440,  xl,  287. 
Magnetic  declination  influenced  by  grav- 
ity, ix,  812,  xl,  83. 

moon,  i,  96. 
deflection  during  auroras,  ii,  327. 
force  at  St.  Helena,  disturbances  In, 
ix,  816. 

horizontal  component  of,  iv,  261, 
878. 

moon's  influence  on,  iv,  SSL 
inclination,  Chate,  xl,  166. 
observations  of  mission  to  India  and 
High  Asli,  1854  to  1858,  il,  800. 

period  depending  on  sun's  rotation, 
Hxnricfu,  vlil,  420. 

solar  diurnal  variation  and  annual 
faiequalily,  1, 197. 

survey  of  Pennsylvania,  etc,  Bache^ 
V,  859. 
Magnetism  and  gravity,  relations  of,  ix, 

terrestrial,  a  mode  of  motion,  CAok, 
ix,  117. 

dependent  on  atmospheric  cur- 
rents, vlil,  878. 

periodic  changes  in,  viii,  260, 420. 
Afoffnuty  heat  in  gases,  ii,  104. 

constitution  of  the  sunjVili.  106. 
on  condensation,  vlil,  109, 110. 
Mahla,  F.y  polarizing  powers  of  American 
oil  of  turpentine,  ii,  107, 

berberin  in  Hydrastis  Canadensis,  liif 
4a 
hydrastlne,  vi,  57. 
Maier,  /.,  blnoxyd  of  lead  and  sulphuric 
acid  on  hippuric  acid,  ix,  20a 

adulteration  with  oil  of  turpentine, 
lx,27a 
Maine  Board  of  Agriculture,  Report,  111, 
452. 
Geol.  Report,  vl,  274. 
glacial  action  In,  JhLatkl,  vl,  374,  vU, 

M(yr9e'9  Pulmonifera  of,  vUl,  80a 
Maize,  paper  from,  viii,  299. 
Mammals,  fossil,  see  Gboloot. 
Man,  Antiquity  of,  LydH'u,  vl,  125,  vU.  488. 

flint  Implements  ot  etc,  In  Engknd, 
vlil,  280. 
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Han,  stone  implements  of,  in  India,  yiii, 
448. 
factory  of  flint  implements  of,  viii, 

fossil,  at  Abbeville,  vi,  128, 402,  viii, 
297. 

remains  of,  in  bone-cave,  Borneo,  viii, 
148. 

Holy  Land,  viU,  14a 
in  caverns  of  Bniuiquel  and 
Gibraltar,  vill,  281,  282. 

in  cavern  in  Pyrenees,  viii, 

277.  I 

of  a£:e  of  stone,  in  France,  xl,' 

185. 

skulls  of.  In  Belgian  bone-cave,  ix,  228, 

with  mastodon,  in  Cal.,  viii,  264. 

reindeer,  viii,  145. 
see  flirthcr,  Lake-habitatioM. 
ManduD  Indians  and  tbeir  language.  Hay- 

dm,  iv,  57. 
Mangixnese,  ammonia  plcrate  of,  i,  85. 
amount  of,  in  iron,  v,  120. 
separation  of,  fK>m  cobalt  and  nickel, 
Oibbtt,  Ix,  58. 
fVom  alumina,  magnesia  and  lime,  i, 

sesquioxyd  of,  optically  distinct  fVom 
hypermanganic  acid,  vii,  408. 
Manna  lichen,  viii,  443. 
Jl/onro*-?,  iV.  S..  coal  and  Iron  in  Mexico, 
ix,309. 
obituary,  iv,  452. 
collections  of,  for  sale,  vi,  158. 
Maramec  river  basin,  v,  282. 
Jfarcott,  rocks  of  Vermont  and  Canada. 
iU,281. 
geoL  of  Nebraska,  Meek^  ix,  157. 
Jfarcoy^  Scenes  ct  Paysages  dans  les  An- 
des, iv,  129. 
MareuSy  new  thermo-electric  battery,  xl, 

257. 
Marignacy  analysis  of  borates,  v,  418. 

on  tungstates,  vi,  118. 
Marmiei''s  En  Am^rique  et  en  Europe,  i, 

155. 
Mars,  tables,  etc,  of,  LeVerrier,  ii,  222. 

Hennensy  on,  viii,  486. 
Marnh,  R  K,  aurora  an  electric  discharge, 
i,81L 

De  La  Hive  on,  ill,  294. 
meteors  of  Aug.  1861,  it,  448. 
of  Dec.  1862,  v,  802. 
luminosity  of,  vi,  92. 
features  of  comets,  ill,  89. 
Mar»?t,  0.  C,  gold  of  Nova  Scotia,  ii,  896. 
saurian  vertebrae  from  Nova  Scotia, 
Ui,  188,  278,  iv,  1. 

mineml  localities  in  New  Brunswick, 
etc.,  V,  210. 
science  of  International  Ex*n,  v,  256. 
fossil  Annelid,  viii,  415. 
Martens,  M.,  obituary,  vii,  288. 
MaiHin^  human  remains  in  Pyrenees,  vill, 

277. 
MartiM'a  Flora  Brasillensis,  U,  289,  iv,  288, 

vi,  130,  vii,  283,  ix,  860. 
Miuketytie^  N.  /&,  aerolitics  and  Butsura 
meteorites,  vi,  64. 


Matterman^  5.,  zodiacal  light,  vl,  143. 
variable  stars,  vi^  144. 
death  of,  vi,  814,  448. 
Mastodon,  see  Geology. 
Mathematical  theory  of  homologous  se- 
ries, ii,  418. 
Mattiesam^  new  unit  of  electrical  resist- 
ance, ii.  105. 
MawneMy  oxygenated  beverages,  ill,  116. 
Maury* %  Sailing  Directions,  etc.,  Report  of 

National  Academy  on,  vii,  447. 
Mauve,  ArJfcin,  ii,  268.  vii,  413. 
Mayei'  and  Fterwiu  La  Photographie,  v. 

269. 
Mof/er,  J.  i2L,  celestinl  dynamics,  vi,  261, 

vii,  187,  viii,  239,  3i)7. 
Measures,  metric  system  of,  v,  802,  viii, 

446. 
Mechanical  energy  of  chemical  action. 

Kolk,  ix,  92. 
Medical  Chemistry,  Bouman%  vii,  302. 
Science,  WelU's  Summary  of,  ii,  808. 
Statistics  of  U.  S.  Army,  1,  60. 
Medusae,  A.  AgassU  on  tentacles  of,  no- 
ticed, v,  800. 
Meek^  P.  S.,  goniatite  limestone  of  Rock- 
ford,  Ind.,ii,  167,  288. 

reply  to  Marcou  on  rocks  of  Texas, 
U,  278. 
AcUeonids?.  v,  84. 
Pteriidie,  vii,  212. 

review  of  Marcou  on  geology  of  Kan- 
sas, Ac,  ix,  157. 
new  eenus,  Erisocrinus,  ix,  173,  350. 
fossils  fVom  Kennedy  Chaimel,  xl,  81. 
check-list  (»f  Miocene  invertebrate  fos- 
sils, notice  of,  ix,  858. 
Meek  <f*  Hayden's  Nebraska  fossils,  no- 
ticed, i,  126,  iv,  1S7. 
palaeontology  of  Upper  Missouri,  xl. 

Meek  <fc   WorUien's   description    of  new 

species  and  fossils  from  llL,  i,  125. 
Megasthenes  and  Microsthenes,  Dana^  vi, 
I    8s^838. 

IMeiMner^  ozone,  etc.,  vii.  825,  viii,  18. 
iMelanians,  Stinip)t(my  viii,  41. 
Mercury,  cyanid  of,  salts  of,  ill,  121. 

nitric  acid  and  ammonia,  compound 
of,  ii,  374. 
iVe/TkA,  /.  jr.,  Jr.,  nitroglycerine,  vi,  212. 
Jf«r2,  colors  of  flames,  i,  105. 
I       solar  spectrum,  v,  413. 
Metal,  new,  alkaline,  Buwten  on,  i,  106. 
fhslble.  Wood,  Ul,  276. 
in  platinum,  Chandler,  ilL  351. 
Metallic  lustre.  Dove's  theory  of,  i,  109, 
~89. 
painting,  (htdry  on,  v,  264. 
spectra,  colored  rays  of,  iv,  407. 
Metallurgy,  A'eW'«,  ii,  150,  vi,272,  vii,  135. 
Arcf «,  V,  118,  viii,  149. 
in  England,  by  Qruner  db  Lan,   vi, 
273. 
Metals,  new  mode  of  reducing,  viii,  267. 
solutions  of,  phosphoms  on,  ill,  ^. 
Metamorphic  rocKs,  chem.  and  min.  re- 
lations of,  Hunt^i,  214. 
of  Michigan,  KimbaU.  ix,  290. 


meteorites,  vi,  64.  Metamorphism   of  conglomerates   with 

Maatermany  a.,  meteors,  Jan.  1868,  v,  149.    .  gneiss,  talcose  schists,  etc.,  BUcheock^ 
briUiancyof  MiraCeti,T,150.  II    1,872. 
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Metamorphlsm,  local,  Hunt^  vili,  183. 

throuj^h  mineral  waten^,  <2^/^*  I^l  22 ; 
Hunt,  ix,  176,  xJ,  43, 193. 
Meteoric  fireballs,  see  Shooting  stab. 

iron  containing  nitrogen,  Iv,  213. 
of  Rutherford,  (so-called),  Iv,  298. 
see  under  Meteorites. 

rln;?8,  Twining,  iii,  244. 

stone,  from  Richland,  8.  C,  It,  298. 
Waterloo,  N.  Y.,  iv,  298. 
Meteorites,  Btichner  on,  noticed,  vi,  445. 

Greg^ft  catalogue  of,  ill,  29L 

Kesitdmeyer^H^  iii,  292. 

JShep4trd\  I,  456. 

Uaidinger'*  researches  on,  11, 135,440, 
iv,  152,  vi,  150,  vUi,  434,  xl,  lU. 

rules  for  observations  of,  11,  443. 

lithium  and  strontium  In,  111,  273,  iv,' 
407. 

of  Arkansas,  Smith,  Ix,  372,  xl,  2ia 

Atacuma,  vll,  243,  viU,  386. 

Australia,  II,  441,  442.  iv.  155. 

Benjcal,  UaiUinger,  xl,  134. 

Bishopville,  iv,297,  viii,  225,  425. 

Butsura,  Mcukelyne,  vi,  64. 

Calcutta,  ii.  141. 

Copiapo,  viii,  424. 

Dakota,  Jachsou,  vi,  259. 

Guernsey  Co.,  O.,  .S'mi/A,  I,  87. 

Hindostan,  1,302,  U,  135, 141,  ii,  401. 

Hraschina,  ii,  135. 

Lincoln  Co.,  Tenn.,  Smith,  1,  264. 

Nebraska,  ii,  146. 

Newstead,  Oenth,  vi,  149. 

North  Amer.,  Rammeliibergy  Iv,  297. 

Oldham  Co.,  Ky.,  SmUh,  1, 151,  265. 

Orjfueii,  ix,  230. 

Robertson  Co.,  Tenn.,  1, 151,  266. 

St.  Louis,  Iv,  443. 

Sarepta,  vi,  1.50,  vlll,  424. 

Tucson,  vl,  152,  301. 

Tula,  ii,  144. 

Wayne  Co.,  O.,  SmUh,  Till,  385. 
Meteoroids,  Newton,  ix,  193. 
Meteorological  bureau  in  Prussia,  xl,  288. 

record  at  Kana^wa,  Japan,  iv,  96.      I 

Marietta,  HUdretK,  1860,  1,  252;  1861,' 
iU,216;  1862,v,18L  I 

Sacramento,  1860,  ii,  147;  1861,  Ui, 
293.  I 

Toronto,  ix,  115.  ! 

U.  8.  Nav.  Observatory,  by   Oiaias, 

noticed,  v,  146.  j 

Meteorology,  association  in  France  fori 

advancement  of,  ix,  83. 
Meteors,  see  Shooting  Stjlbs,  Meteor 

ITES. 

Methyl  bases  and  nitrate  of  methyl,  Zeo, 

iii,  2-27. 
Methylamlne,  Lea,  Hi,  366. 
Metric  system,  v,  302,  vlil,  446. 
MetteniiiK,  on  Ferns,  noticed,  I,  133. 
Fllices  Hortl  Lipsiensls,  i,  134. 
Meunier,    De  I'Orfevrerie    Electro-Chim- 

Iqne,  iv,  129. 
Mexico,  coal  and  iron  In,  ix,  809,  xl,  124. 
note  on,  Dana,  ix,  358. 
tin  in.  Chandler,  ix,  349. 
Meyer,  H.  fnm,  Jurassic  feathered  yert^ 
brates,  v,  129. 
Palseontoj^phia,  yiii,  428. 


Meyn^  peat-sandstone,  t,  123w 
Miambi  Bronsoni,  vU,  34,  xl,  268. 
Miehae!«m,  on  bra^te,  vil,  272. 
on  radiolite,  etc.,  vlll,  274. 
Michaux*8  FlanU,  etc,  Bnmet  on,  •?ii,286. 
Michigan,  drift  materials  in,  T^'inehelly  zl, 
331. 

ffcolofflcal  survey,  ii,  803. 
ron  ores,  Kimbau,  ix,  290. 
mastodon  In,  viii,  223. 
petroleum  In,  WincheU,  ix,  850. 
rocks  and  cephalopods  of^  iii,  852. 
saliferous  rocks  of.  iv,  307. 
Microscope,  growing  slide  for,  Smithj  zl, 

illuminator  for,  xl,  23a 
limit  of  vision  and  resolving  power 
of,  1, 12. 
mounting  Insects  for,  Vlckers,  vl,  157. 
objects,  J)avieti*»  work  on,  li,  374. 
polarizing,  Dcm  Cloiaeaux  on,  noticed^ 
xl,  261.     ■ 

ToUes'i  binocular,  Tili.  Ill,  iXj2l2. 
Wenham^s  binocular,  1, 110,  vui,  111. 
Microscopic  anatomy  of  spinal  cord.  Dean 
on.  il,  302. 
rormsj  Investigation  of,  Sood,iiU  C5. 
orgamsms  in  homstone,   Whiter  iii, 
885. 
photography,  Jiood,  ii,  186. 
vijilou,  difl'raction  in.  White,  iii,  377. 
Milan,  civic  museum,  Hi,  151,  441. 
Milk,  MuUer  on  sweet  fermentation  oil  i, 

428. 
Miller,  F.^  meteors,  1860,  i,  138. 
Miller,  H.  A.,  photographic  spectra,  !L 
408,  vi,  103,  viU,  lOf 
spectrum  of  thallium,  vlll,  107. 
analysis  of  hot  spring,  viii,  447. 
spectra  of  fixed  stars,  xl,  73. 
chemistry  by,  noticed,  vii,  414. 
Miller,  HC  if.,  crystallography  by, noticed, 

vli,  148. 
MiUon,  on  reduction  of  silver  waste,  vi, 

417. 
Mimetic  analogy  in  Lepidoptera,  Batety 

reviewed,  vi,  285. 
Mineral  catalo^jfue,  Krantz's,  ix,  373. 
comptolr,  Samann'M,  ix,  372. 
localities  in  N.  Brunswick,  N,  Scotia, 
and  Newfoundland,  Marsh,  v,  210. 
oil,  see  THrUeur/i, 

products  of  Great  Britain  and  Ire- 
land, V,  288. 

of  Italy,  iii,  153. 
waters,  see  Waters. 
Mineralogical  museum,  Rochester,  N.  T., 
111,449. 

notices,  notice  of  Heutnberg's,  Till, 
427. 
Mineralogy,  Dana^s,  Ninth  Supplement  to, 
^ruJsA,  1,  354;  Tenth,  iv,  202. 
De*  CUnzeavx^n,  v,  293. 
von  KvbdVs  Hist,  of,  viii,  426. 
Minerals. — 

Acmite,  I,  a57;  Adamsite,  Iv,  216;  JE^ 
rlne,  vll,  407;  Akanthite,  1,357;  Albert- 
He,  ix,  267, 356 ;  Alblte,  1, 357 ;  Algodon- 
ite,  iii,  192.  iv,  203,  228;  Alisomte,  iv, 
204 :  Allanite  troxa.  Swampscot,  Mass., 
iv,  204;  from  FrankUn,  nT  J.,  iv,  204; 
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HiKERjLLS,  notices  of  :— 
Alaminite,  i,  357 ;  Alunitc,  Iv,  204;  Am- 
blygonite,  from  Maine,  Iv,  248 ;  Amnii- 
olite,  i,  857 ;  Anatase,  artificial,  vili,  424 ; 
Anpleslte,  iv,  204 ;  Antimonlal  arsenic, 
Hi,  190,  iv,  205;  Antimony,  dimorphibm 
of,  1, 191,  vii,  406;  in  N.  Brunswiclt,  v, 
150 ;  Antozonlte,  iv,  211 :  Apatite,  i,  858 ; 
Aphroslderlte,  iv,205;  Apophyllite,  iv, 
2(fe ;  Araeoxene,  vii,  270 ;  Arsenical-anti- 
mony, lii,  190,  iv,  205 ;  Arsenlds  of  cop- 
per, iil,  191,  V,  296;  Arsenolite,  iil,  190, 
iv,  205;  ABtrophyllite,  vii,  272;  Autom- 
olite,  ill,  196,  Iv,  220. 

Bamlite,  i,  367;  Batrachlte,  1,  864;  Beryl, 
i,  358;  Biharite,  iv,  205;  Bismuth,  iv, 
205 ;  Boracite,  iv,  205 ;  Boronatrocalcite, 
ii,  9,  iv,  200;  Boumonite,  iv,  206;  Bra 
jrite,  vii,  2?2 ;  Brookite,  artificial,  viil, 
424 ;  Bruclte,  i,  358,  ii,  94,  iv,  206 ;  Brush- 
ite,  Moorcy  ix,  43 ;  Dana^  Ix,  45 ;  Julien^ 
xl,  369;  Bucholzite,  i,  307. 

Calamine,  iv,  207;  Caicite,  xl,  367 ;  Can- 
crlnite,  iv,  207;  Cassiterite  in  Mexico,' 
ix,  849;  Cervantlte,  iv,  207;  Chabazite,i 
Iv,  207:  Childrenite,  vi,  122,  257,  258  ;i 
Chladnitc,  Iv,  297,  viil,  225,  425;  Chlo- 
rite of  Monroe,  N.  Y.,  iv,  208 ;  of  Web-, 
ster,  N.  C,  iv,  208;  group,  Ihir»e,  vii,  I 
221 ;  Chloritoid,  i,  858,  442 :  Chr>'socol- 
la,  iv,  208;  ChO'solite,  i,  358,  iv,  208; 
and  minerals  from  its  alteration.  Hi,  199 ; 
Chrysotile,  i,  367;  Clinochlore,  i,  &59, 
iv,  208;  Columbite,  Rose,  v,  426,  vii, 
117;  Copiapite,  iv,209;  Copper  Glance, 
i,  362,  iv,209;  Corundopbilite,  Chester, 
Mass.,  xl,  112;  Cronstedite,  i,  859 ;  Cry- 
olite, V,  285;  Crvptomorphite,  iv,  205. 

Darwinite,  i,  87C ;  Datholite,  iv,  209;  Da- 
vyne,  i,  365 ;  Dechenite,  iv,  210,  vii,  270 ; 
Dcleminzite,  iv,  210;  Diallogite,  1,360, 
8^1;  Dianite,  i,  860,  iv,  210;  Diaspore, 
Chester,  xl,  112,  128;  Diopside,  viii, 
117;  furnace  product,  Brwh,  ix,  182; 
Diorite,  Jfunt,  viii,  179;  Dipyre,  Ca- 
naan, Ct.,  xl,  118  ?  Dolerite,  Bunt,  viii, 
174;  Domeviclte,  iii,  193,  iv,  210;  Du- 
fn  nite,  iv,  210. 

Emery,  Chester,  Mass.,  ix,  87,  xl,  112, 128 ; 
Eugelhardite,  iv,  224;  Epidote,  i,  360, 
lii,  197,  iv,  211;  Esraarkite,  so-called, 
viii,  277;  Eudialyte,  vU,  407;  Eusyn- 
chite,  vii,  270. 

Faujasite,  i,  860;  Feldspar,  i,  360,  iv,  211 ; 
Fergusonite,  I,  860;  Fibrolite,  i,  367; 
Fichtelite,  iv,  211 ;  Fluor  from  Wolsen- 
dorf,  iv.  211 ;  Forcherite,  viil,  277 ;  Four 
netite,  i,  368;  Freieslebenite,  iv,  211. 

Galena,  octahedral,  v,.126 ;  so-called  pseu- 
domorphs  after  pyromorphite,  iv,  211 ; 
Gamsignidite,  iv,  213;  Garnet,  1,  295, 
860,  iv,  212,  viii,  277,  xl,  112;  Gersdorif- 
ite,  i,  861 ;  Glbbsite,  i,  266, 361 ;  Gieseck- 
Ite,  i,  861 ;  Glauberite,  Iv,  212,  Glaucon- 
Itc  in  Silurian,  Hunt,  iii,  277 ;  Glosse- 
collite,  iv,  212;  Gmclinite,  i,301 ;  Gold, 
i,  361 ;  dissemination  of,  ii,  297;  Kueatel 
on  extracting,  vil,  134;  pseudoraorph 
after  alklnite,  hi,  160,  iv,  212;  of  Aus- 
tralla,  iv,  212 ;  of  British  Columbia,  viii, 


Minerals,  notices  of: — 
146 ;  Gold  of  California,  Saiiman,  xl,  1 ; 
of  Nova  Scotia,  11,  895,  iv,  212,  viii,  104 ; 
Gotliite,  vii,  271 ;  Graphite,  i,  861 ;  Grast- 
iie,  Rartse,  vii,  224 ;  GyroUte,  Hmo,  ii, 
13,  iv,  212. 

Halloysite,  iv,  212;  Harmotome,  i,  861; 
Harrisite,  i,  362,  iv,  209;  Hauyne,  i,  862, 
iv,  213;  Uedyphane,  viii,  275;  Heuland- 
ite,  1,362;  Hjelmite,  i,  862;  Himbeers- 
path,  i,  860;  Hornblende,  iv,  213,  viii, 
116 ;  HomeSite,  i,  868 :  Hydromagnesite, 
1,863. 

Ilmenite,  iv,  213;  lolitc,  lv,213;  Ii-ite,iv, 
213 

Jade  and  jadeite,  Vi,  426. 

Kammererite,  iv,  214,  vil,  221;  Kaolin,  1, 
863;  Keramohalite,  i,  863;  Kerolite,  iU, 
203,  iv,  214;  Kieserite,  Iv,  214;  Kisch- 
timite,  v,  427;  Kischtim-Parlsit,  v,  427; 
Kobellite,  viii,  116;  Kokscharovite,  viii, 
275;  Konleinite,  iv,  214. 

Labradorite,  i,  368,  iv,214 ;  Lanthanocerite, 
iv,  214;  Lapis-Lazuli,  I,  368,  iv,  215; 
Laumontile  altered,  iv,  215;  Lazulite, 
iv,  215;  Lcopardite,  a  true  porphyry,  iii, 
197;  Lepidolite,  iv,  215;  from  Maine,  iv, 
215,869;  Leucite,  1,  363,  iv,  215;  Libe- 
thenite,  i,  863;  Liebenerite,i,8<i3;  Liev- 
rite,  iv,  215;  Linarite,  iv,  215;  Loewig- 
ite,  iv,  215. 

Margarite,  so-called,  from  Pfltschthale,  iv, 
216;  Margarodite  from  Derby,  Vt.,  iv, 
216:  from  Ross-Hill,  Ireland,  iv,  216; 
Martite,  iv,  216;  Mascagnine,  i,  864; 
Melaconite,  1, 364 ;  Melanhydrite,  1, 864 ; 
Mellite,  i,  364;  Metabrushitc,  xl,  871; 
Mica,  iv,  216,  viil,  116;  asterism  in,  v, 
259;  Microcline,  i,  864;  Millerite,  iil, 
195,  iv,  217-  Monazlte,  iil,  204,  iv,  217; 
Monrolite,  i,  867;  Monticellite,  I,  864. 

Nacrlte,  I,  865;  Nagyaglte,  iv,  217;  Na- 
trollte,  from  Bergen  Hill,  N.  J.,  I,  865 ; 
Nephellne,  i,  365. 

Opal,  iv,  217;  Ornlthlte,  xl,  377;  Orthlte 
from  Mass.,  Batch,  iii,  848;  Orthltc-like 
mineral,  viii,  275;  Orthoclase,  iv,  217; 
Orthopyre,  ITfmi,  viii,  93;  Ottrelite,  i, 
358,  442. 

Paracolumblte,  Piaani,  vii,  859 ;  Paradox- 
ite,  viii,  426 ;  Paralogite,  i,  867 ;  Pectol- 
Ite,  I,  365;  Philllpslte,  1,865;  Pholerlte, 
i,  865,  iv,  217 ;  Phonollte,  Bunt,  viil,  101 ; 
Phosphochalclte,  1,865;  Phyllite,  i,358, 
442 ;  Finite,  iv,  218 ;  Pinltoid,  1, 866 ;  Pl- 
sanlte,  1,  366 ;  Planerite,  viii,  276 :  Plati- 
num,   new   metal    '       '"     ""' 
chrome- iron,  iv,  218 
Polybaslte,  Iv,  218; 
Prehnite,  iv,  218;  P 
195,  iv,  218;  Psilonn 
rargyrite,  i,366;Pyr 
Pyrophyllite,  from  h 
malite,iv,218;Pvro: 

Quartz,  barrel,  of  Noa 
Euba,  viii,  426;  Qi 
SUliman,  viii,  190. 

Radlolltc,  vlli,  274;  Rastolyte,  iv,  208; 
Rhodonite,  iv,  219 ;  Rocsslurite,  iv,  220 ; 
Rutile,  I,  866 ;  artificial,  vlll,  424. 
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Samartikite,  viii,  276;  Sarcolite,  i,  386; 
Scapolite,  \,  366,  vili,  277 ;  Scheellte,  Iv, 
220;  Schefferite,  Tlii,  274;  Senarmont 
Ite,  vii,  407;  Serpentine,  i,  367,  iii,  201, 
203,  Iv,  220;  Sexanjfulite,  iv,  212;  Sie 
fCenice,  viii,  117;  Sienna,  American,  xl, 
112;  Silliraonite,  1,  367;  Silver,  a  pscu- 
doraorph  of,  after  Stcphanite,  i,  367; 
Sliolopsite,  vill,  118:  Sodallte,  1,  367; 
Sombrerlte,  vi,  423 ;  Spartaite,  ix,  174; 
Splautrite,  iv,  224;  Spinel,  iv,  220; 
Siassfurthitc,  iv,  205;  Staurotide,  ill, 
198,  iv,  220,  viii,  110;  Stibiconite,  iv, 
207*  Stiblite,  vii,  407;  Stilpnomelane, 
I,  368;  Syenite,  Burtt,  viii,  94;  Syhe- 
drlte,  xl,  110;  Szalbelylte,  iv,  221,  vii, 
271. 

Tagilite,  I,  368;  Talc,  Indurated,  from 
Bristol,  Ct.,  1, 368 ;  from  Webster,  N.  C, 
ili,  200,  iv,  322:  Tellurbismutli  from 
Georjria,  v,  99;  Tepliroite,  Birush,  vii, 
66:  Tetradymite,  i,  368;  Tetrahedrite, 
i,  368,  iv,  222;  Texalite,  11,  94,  Iv,  206 ; 
Tin  in  alcoholic  spirits,  li.  114;  in  Mex- 
ico, is,  349 ;  Tinstone,  vii,  358 ;  Topaz, 
iv,  222;  Tourmaline,  viii,  116;  Trachyte, 
Hunty  viii,  95;  Treraollte,  viii,  117; 
Trlphyllne,  caesium  in,  ill,  274;  from 
Norwich,  Mass.,  iv,  402;  Tripllte,  I, 
369 ;  Tritomite,  Iv,  222 ;  Tungsten,  vii, 
407. 

Uranlte,  iv,  222;  Uranophane,  i,  369. 

Vanadinite,  vll,  270;  Vermlculite  (?), 
Brunh,  i,  369;  Vivianite,  viii,  117. 

Waffite,  Iv,  207;  Whltneyite,  i,  370,  ill, 
191,  Iv,  223;  Wohlerite,  i,  371;  Wol- 
fram, i,  871,  Iv,  223;  Wollastonlte,  Iv, 
223;  Wurtzlte,iv,224. 

Xcnollte,  i,  367. 

Yttrotantalite,  i,  371,  iv,  224. 

Zcugite,  xl,  873 ;  Zinclte,  I,  871,  iv,  224 ; 
Zircon,  iv,  224 ;  Zoisite,  trlclinlc,  1, 371 ; 
Zwleaellte,  variety  of  trlpllte,  I,  371. 

Minerals,  Alher's  cabinet  ol  viii,  801,  ix, 
224. 

Mining;  and  Smelting  Mtigazine,  v,  239. 
statlBtics  of  Grt.  Brit.,  1864.  xl,  390. 

Minor ^   W.  C,  Wagner  on  brain  of  man 
and  monlccv,  iv,  197. 
new  species  of  Tomoptcris,  iv,  429. 
fission  in  some  annelids,  v,  85. 
larve-buddlng,  ix,  110,  362. 

Miocene  shells  of  Atlantic  slope,  cata- 
logue of,  Conrad,  noticed,  v,  4^8. 

MUjuePs  Journal  de  Botanlque  Neerland- 
Jse,  iii,  110. 
Anuales  Muscl  Bot.,  vll.  181. 

Mississippi,  Hilgard^s  GeoL,  etc.,  of,  11, 
803. 

river,  Humphreys  and  Abbotts  report, 
ill,  181.  V,  223,  vl,  16,  197. 
tabular  view  of,  v,  284. 
valley,  earthquakes  in,  xl,  273,  362. 

Missouri,  see  Upper  3iissouri, 

Mltchel,  O.  M.,  obituary  of,  iv,  451. 

MUcliell^  M.,  on  double  stars,  vi,  88. 

MUehiU  d;  Morehouse,  on  respiration  of| 
Chclonia,  reviewed,  vl,  141. 

MUscheiiichy  A.^  on  spectral  analysis,  iv, 
403. 


MUtcherlich^  A,^  on  separation  of  sesqiii- 

oxyd  and  protoxyd  of  iron,  viii,  116u 
Mitscherllch,  E.,  obituary  of,  vi,  451. 
MiUen^s  Brit  American  Bryology,  Tiliy 

291. 
Moffat,  luminosity  of  phospboma.  iv,  437. 
Mohawk  valley  fflacler,  DanOy  y,  24d. 
MoMy  on  dimorpnoos  flowers,  ix,  104. 
Molecular  physics,  Norton,  viii,  61,  207, 

ix,237.xi;61. 
Molybdenum,  BrawCs  test  for,  vi,  268. 
Monobromid  of  ethylene,  into  acetyleae, 

li,  414. 
Monte  Rosa,  ascent  of.  Twining,  iii,  4€3. 
Moon,  declination  of  needle  Inflaenced 

by,  i,  9a 
horizontal  magnetic  force  inflaenced 

by,iv,381. 
age  of  surjace  of,  Noimythy  ix,  112. 
light  of,  compared  with  Venus,  xl, 

287. 
Moonrlse  on  water,  Sunt,  y,  395. 
Moorty  O.  Ky  wax  of  Myiica  cerifera,  iii, 

313. 
brushite,  Ix,  43. 
Moquln-tandon,  H.  B.  A.,  obituary,  vl,  401, 

vu,288. 
Mordanted  cloth,  dyeing  of,  i,  117. 
JforWVprocess  for  recovering  writing, 

Morse'9  Pulmonlfera  of  Maine,  vili,  308. 
classification  of  Mollosca,  noticed, 
xl,  893. 
Motion  of  fluids  and  solids  relative  to  the 

earth's  surfiice,  J*hrrd,  i,  27. 
Mount  Cents,  coal  in  Alps  of^  viii,  122. 

tunnel  of,  ii,  101,  Ui,  439,  xl,  138. 
Hope  nurseries,  Iii,  432,  vii,  147. 
Mountain  system  of  the  Appalachians, 

Ouyoty  i,  157. 
Mouason^s  spectroscope,  li.  105. 
MutdeTy  determination  of  carbonic  md.d 

in  organic  analysis,  ill,  415. 
Mutter,  A.y  sweet  fermentation  of  mUk,  i, 
428. 
composition  of  soils,  v,  292. 
on  monocarbon  and  dicarbon  adds, 
viii,  265. 
MuUeTy  C.y  continuation  of  Walpers*  Ann. 

Botan.  System.,  iii,  140,  xl,  126. 
MuUer,  Ry  Bloiu  Australiensls,  vl,  290,  ix, 
110. 
Plants  of  Victoria,  notice  of,  vii,  288L 
MiiUer,  K.,  hyponitric  add,  iv,  182. 

preparation  of  chlorinated    organic 
bodies,  iv,  ISa 
Muller,  J.,  wave  lengths  of  spectral  lines, 

vii,  116,  xl,  259. 
Muller,  M.y  Science  of  Langnage,  iU,  900. 
Murchisotiy  jBL  Z,  progress  of  geology, 

termian  of  England,  viii.  287. 

on  the  drift,  noticed,  ix,  858. 

medal  to,  viii,  145. 
Muscovy  duck,  viii,  294 
Museum  of  Bologna,  Florence,  Milan,  ii!, 
15L 

at  Rochester,  Ward's,  ill,  449. 
Music,  Influence  of  on  flame  of  coal  gas, 

i,  416. 
Miusety  Het^rogtJnie,  v,  270. 
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Naphthaline,  colored  deriTatives  of,ii,  211, 

Ul,  2:^,  viii,  3(X). 
Narcotic,  bromid  of  potassium,  vili,  267 
Jfatmyth^  /.,  sun's  surface,  iv,  437. 

a^e  of  moon's  surface,  ix,  112. 
National  Academy,  see  Academy, 

Almanac,  v,  4»5,  yU,  448. 

Observatory,  see  NavaL 
Natural  History  Reriew,  li,  ISO. 
Naturalist's  Directory,  notice  of,  Ix,  874, 

xl,  142. 
Naval  Observatory,  U,  148. 

OiUUs's  observations  at,  v,  146. 
Nebraslca  explorations,  iv,  99. 

forest  trees  of,  ii,  165. 

fossils,  Meek  and  Hayden,  on,  i,  126,  iv, 
187. 

ffCoL  of;  Meeky  ix,  157. 

leaves,  age  of,  i,  435. 

meteoric  iron,  ii,  146. 
Nebula,  disappearance  of,  ill,  486. 

in  Orion,  v,  102 ;  spectrum  of,  xl,  138. 
Nebulae,  double,  v,  109. 

recent  researches,  OatiHer.  v,  101,  vil, 
198. 

spectra  of,  HitffgiM^  xl,  77. 138. 

variable  brilliancy  of,  v,  107. 
Nebular  hvpothesis,  Trowbridge^  vili,  844,1 
ix,  25,  li3,  363. 

Binriehs,  ix,  46, 184.  276. 
Nebulous  matter,  invisibility  of,  D.  TVoic- 

6ri(^,  vii,2l0. 
JVksWe,  estimation  of  NO,,  vi,  116. 
Nevada  geol.  survey,  xl,  a73. 
N.  Brunswick,  antimony  in,  v,  150. 

fossil  Insects  of.  ix,  357. 

geoL  reports  or,  ix,  356,  xl,  142. 

mineral  localities  in,  JforitA,  v,  210. 
N.  Jersey,  age  of  Highlands  of,  ix,  221. 

Vook'n  Geol.  report  of,  ix,  359. 
N.  Mexico,  Report  on  mines  of,  xl,  391. 
New  York,  Amer.  Inst,  of,  Report  of,  xl, 
1^ 

Eastern,  geoi  of,  ix,  96. 

feol.  survey,  I,  125 ;  see  also,  /.  EaU 
[edlcal  Journal,  Ix,  375. 
Regents  of  Univ.  of,  report,  1,  292,  U, 
480,  Qi,  279,  iv,  418. 

Western,  ancient  works  in,  by  Cheney, 
li.  149. 
N.  Zealand,  Hooker's  Flora  of,  lx.a59. 
HaaiU  on  geol.  of,  noticed,  xl,  143. 
exhibition  at,  1865,  vili,  300. 
Newberry^  J.  »S'.,  Amer.  fossil  fishes,  lv,78. 
on  Ohio  flora,  noticed,  1, 180. 
on  f(»sslls  of  N.  W.  boundary,  noticed, 
▼11,148. 
Jtfeer'e  reply  to,  I,  435. 
Neteeomb^  &,  vision  through  colored  me- 
dia, i,  41& 
Newfoundland,  heather  In,  III,  22,  vUl,  122, 
428,  Ix,  228. 
mineral  localities  In,  Manh,  v,  210. 
Newstead  meteoric  Iron,  vl,  149. 
yewUm,  J£.  A.,  shooting  stars,  Nov.,  1860, 
i,  137:  Aug..  1861,  il,  448;  Aug.,  1863, 
vl,  302 :  Nov.,  im,  vll,  141 ;  Aug.,  1864, 
vlil,  432 ;  Nov.,  1864,  ix,  113 ;  Aug.,  1866, 
xl,284. 

Ail  Joub.  aoi.-^ECOiYD  Sbrhs,  Vol.  XL,  Na  120.«— Nov.,  1865. 
54 


Newtoriy  ff,  A.^  Aug.  meteoric  ring,  ii.  449. 
meteoric  fireballs  of  Aug.,  1860,  iU, 
888. 
Qnetclet  on  shooting  stars,  vi,  145. 
procession  nnd  periodicity  of  Nov. 
star  shower,  vl,  300. 

original  accounts  of  Nov.  star  shower 
in  former  times,  vil,  377,  vUl,  63. 
altitudes  of  shoothig  stars,  vlii,  126, 
of  Nov.,  1868,  xl,  250. 
Wllcocks  on  Ether  in  Solar  System, 
ix,ll4. 
on  shooting  stars,  ix,  198. 
height  of  auroral  arches,  ix,  286,  871. 
dumtion  of  flight  of  shooting  stars, 
ix.870. 
NicJioUy  J.  A.,  pot-holea  near  Poultney, 

Vt.,  xl,  264. 
NichuUy  J.  J2L,  corrosion  in  lead  pipes,  ii, 

115. 
Nickel,  electrolytic  precipitation  oi;  as  a 
method  of  analysis,  ix,  64. 
separation  of,  from  cobalt,  etc.,  ix,  58. 
Nkkerwiu  L.,  periodic  action  of  water,  ix, 

151. 
Xicklisj  J.y  correspondence  of,  I.  266,  11, 
95.  Ul,  108,  iv,  1&,  V.  260,  vi,  398,  ix,  79. 
brittlcness  of  seml-metals,  II,  416. 
changes  In  wine,  v,  250. 
solubility  of  sulphate  of  baryta  in 
sulphuric  acid,  ix,  90. 

Les  elcciro-aimants    et    Tadherenco 
magnetlque.  noticed,  IL  111. 

Isomorphism  entre  les  M^tanx  des 
Groupe  do  1' Azote,  Iv,  128. 

Thcorle  Physique  des  Odeurs  et  des 
Savcurs,  v,  270. 
on  wasium,  noticed,  vU,  116,  vili,  419. 
Nicotine,  quantity  produced,  11, 454. 
Niger,  valley  of,  iv,  93. 
Nile  explorations.  Hi,  259,  vil,  75. 

inundations,  cause  of,  Fentiy  v,  62. 
Nloblc  add,  vil,  lia 
Nitrate  of  ethyl,  II,  177,  ill,  86. 
iron,  Ordway,  xl,  316. 
methyl.  III,  2<7. 
Nitric  acid,  ammonia  and  mercorj,  com« 
pound  of,  11, 374. 
detection  of,  vl,  263. 
estimation  of,  vi,  116. 
NltriflcaUon,  v,  113, 263. 

history  of  the  theory  of.  v,  271,  403. 
Nitrite  of  ammonia,  atmospheric,  v,  423. 
formed  under  neat,  v,  118. 
of  ethyl,  li  17a 
Nitrogen,  Hutd  on,  il,  109. 
determination  of,  vil,  350. 
excretion  of,  in  animals,  vi,  271. 
estlmntion  of,  Le<f,  1, 189. 
question,  Johuwiiy  v,  426. 
series,  polyatomic  bases  of,  1,  420. 
Nitroglycerine,  inhalation  of,  vi,  212. 
Nitronapthallne,  coloring  matters  from, 

ii,  211,  ill,  229. 
Nitroprus^ld  of  sodium,  action  of  light 

on,  vli,  408. 
Nitroso-phenyline,  il,  417. 
Nitrous  acid,  U,  109,  v,  268,  271, 409. 
Nobert's  test-plate,  SiuUivant  and  Worm' 

««y,i,12. 
Nomenclature  in  Nat.  Hist.,  Oray^  vli,  278L 
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Nortben  at  Key  West,  Hunty  y,  883. 
Northwest  Bouudary  Surrey,  iv,  99,  v,  239, 

Yii,  148. 
Norton,    W.  A.,  dimensions  of  Donati^s 
comet,  ii,  54. 

molecular  physics,  vili,  61,  307,  iz, 
287,xl,«l. 
Kova  Sootia,  JktvitUion's  Bradiiopods  of, 
Ti,277. 

Carboniferous  Flora  of^  Ikuncniy  Til, 
419. 
grlacial  action  in,  Smiman,  vii,  417. 
Kold  of,  ii,  S95,  ir,  212,  vlli,  104. 
^p6um  of,  natr(>*boro>calcite  In,  11,9. 
mineral  localities  in,  Marsh,  t,  210. 
amrbin  rumtiins  iii,  188,  278,  iv,  L 
Silurian  rocks  of,  viii,  289. 
Novara,  Voyage  of,  noticed,  xl,  189. 


Oak«,  DeCandoTle  on  fnlt  of,  y,  430. 
Oa»es,  makinj^  ot,  vUi,  t^iOO. 
Obion  river  Imsln,  v,  2o3. 
OniTriRY  ;— 

F.  Al^er,  vlll,  802,  449. 
P.  Hertbier,  Hi,  103. 

J.  B.  Blot,  iii,  441,  It,  120. 
C.  L.  Blume,  Hi,  428. 
M.  N.  Blvtt,  v,44». 

G.  P.  Bond,  Ix,  235. 
F.  Boott,  Til,  288. 
W.  Borrer,  t.  449. 
A.  Brayals,  vl,  401. 
H.  a  Bronn.  It,  804. 
Cappocci,  vll,  801 

S.  A.  Coi^tteday,  1, 155. 

J.  R.  Chilton,  vi,  814. 

A.  Clapp,Y,806,460. 

P.  L.  A.  Cordler,  ii,  101. 

H.  Camming,  zl,  896. 

W.  Darlington,  vl,  182. 

H.  Dauber,  li,  150. 

P.  Daussy,  i,  268. 

F.  Deppe,  ill,  437. 

C.  M.  Despretz,  tI,  898. 

W.  H.  DeVriese,  ill,  43a 

L.  Dufour,  zl,  140. 

Dum^Hl,  I,  266. 

O.  H.  Emerson,  iz,  873. 

£.  Emmons,  Til,  151. 

J.  F.  Encke,  zl,  896. 

J.  P.  E.*py.  i,  151. 

H.  Falconer,  Ix,  286,  zL  189. 

H.  FUe,  vll,  149. 

Adm.  Fllzroy,  zl,  140. 

A-  E.  FUmrohr,  yi,  427. 

A.  E.  P.  de  Oasparin,  v,  261. 
J.  Gay,  vil,  29^ 

J.  W.  Glbbs,  I,  463. 
J.  M.  GiUlss,  iz,  285. 
M.  de  Grateloup,  111,149. 
P.  Gratiolet,  zl,  140. 

B.  D.  Greene,  t,  449. 
A.  Grensly,  zl,  140. 

C.  W.  Hacklcy,  1,  808. 
E.  Uaeusser,  i,  461. 

W.  R.  Hamilton,  zl,  896. 
Ilenckel  t.  Donnersmarck,  iii,  437. 
J.&Henslow,iii,427. 


OBiTUAmr  :— 

E.  C.  Herrick,  iv,  159. 
8.  P.  Hlldreth,  vl,  813. 
E.  Hitchcock,  vii,  d02w 
Prof  Hocbstetter,  i,  461. 
W.  J.  Hooker,  zl,  28a 
J.  S.  Hubbard,  vi,  Sia 
E.  B.  Hunt,  vi,  450. 
K  Ives,  li,  455. 
E.  James,  Ui,  42a 
Jobard,  Ui,  lOa 
E.  F.  Jomard,  v,  261. 

D.  G.  von  Kiescr,  v,  449. 
J.  F.  Klotz^h,  1,  46L 
Kupffcr,  zl,  140. 

M.  C.  Leavenworth,  v,  806,  451. 

J.  LeConte,  i,  808,  m 

J.  G.  C.  Lehmann.  i,  461. 

K.  C.  V.  Leonhard,  Ui,  453. 

J.  W.  Lubbock,  zl,  28a 

J.  T.  Mackay,  v,  449. 

N.  S.  MunroiW,  iv,  45a 

M.  Martens,  vil,  :j88. 

8.  Maatennan,  vi,  814,  44a 

O.  M.  Mitcht'l,  iv,  451. 

E.  Mil8che^Ucl^  vi,  45L 

H.  B.  A.  Moqnln-tandon,  vi,  401,  tB, 

D.  D.  Owen,  1, 15a 
T.  Parkman,  t,  1.55. 
Parmeniier,  Ui,  lia 
J.  Pazton,  zl,  140. 

J.  B.  Payer,  I,  267,  462. 

L.  P^an  de  St  GUles,  Ti,  40a 

J.  A.  Pearce,  t,  155. 

G.  Plana,  tU,  804. 

J.  T.  Plnmmer,  zl,  89a 

H.  A.  Prout,  111,  45a 

E.  Pugh,  vUl,  149,  80L 
J.  Renwick,  v,  80a 

J.  Richardson,  zl,  140. 

J.  Robb,  U,  150,  804. 

H.  Rose,  vii,  804,  viU,  305. 

L  G.  St  HUalre,  Ui,  149,  iv,  1& 

J.  V.  Salm-Dyck,  UI,  437. 

H.  R.  Schoolcrail,  iz,  114. 

G.  H.  V.  Schubert,  i,  461. 

H.  H.  de  Senarmont,  iv,  804,  t,  9601 

M.  de  Serres,  iv,  808,  vi,  40L 

C.  W.  Short,  V,  451,  vi,  18a 

SUbermann,  z],28a 

B.  SiUlman,  iz,  1. 
W.  H.  Smith,  zl,  396. 
J.  H.  Speke,  vlli,  449. 
J.  Steetz,  V,  449. 

C.  V.  Steven,  vii,  28a 
L  L  Stevens,  i\,  805. 

F.  G.  W.  Struve,  iz,  114,  zl,  145. 
W.  J.  Taylor,  vii,  447. 

M.  Tenore,  ill,  427. 
Marquis  de  Tristan,  ill,  43a 
J.  Tweedie,  v,  449. 
Valenciennes,  zl,  140. 
R.  B.  Van  den  Bosch,  Ui,  43a 
L.  de  Vilmorin,  i,  461. 
R.  Wagner,  vUi,  149. 
W.  J.  Walker,  iz,  874. 

G.  W.  F.  Wenderoth,  Ui,  48a 
T.  B.  WUson,  iz,  S7a 

a  P.  Woodward,  zl,  38a 
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Object-gbss,  new  achromatic,  vi,  446b 
Observatories,  new,  NickliSy  iv,  125. 
Observatory  of  Chicago,  vlil,  \4&, 
of  Harvard  Coll.,lx,  804. 
Naval,  at  Wasbloztou,  11, 148,  v,  146. 
Ocean,  depth  oi;  Hi,  S9, 121. 
motions  ot;  Fsrrel^  1,  45. 
saltness  oi;  iv,  272. 
Qtfde^  on  new  sulphur  compounds,  viii, 

S265. 
Ohio,  Ntwberry^i  Flora  and  Ferns  of,  i, 
180. 
river  basin,  v,  290. 
meteorites  in,  i,  87,  il,  80,  vili,  885. 
rain-tall  in,  U,  296. 
Oil,  essential,  adulteration  of,  with  oil  of 
turpentine,  Maier^  ix,  278. 
mineral,  see  J^roieum, 
Oleflaut  iras    transformed   into   organic 

acids,  C278. 
diver  on  antherology,  iv,  282l 

wood-cells  of  Hamamelideee,  iv,  284. 
on  the  Loranthncese,  vi,  29L 
Lessons  in  Botaoy.  vlil,  124. 
Optical  phenomena  or  *'8ilver  Sprinfir,^' 
Florida,  Le  Omie,  i,  L 

sul^ective,  Bood^  I,  417. 
studies,  Dove»s,  ^ww^  i,  lOtt. 
Optics,  see  Light,  bPfiCTBoecoPB. 
Ordioay,  J.  Jf.,  Wetherill  on  manufiu:ture 
ofvinegar,  i,  450. 

waterghiss,  U,  153,  337,  iU,  27,  v,  185, 
xl,  178. 
nitrate  of  iron,  xl,  316. 
Oi^;auic  acids,  11, 412. 

alkaloids,  separation  of,  ill,  415. 
analysis,  carbonic  acid  in.  111,  41& 

process  of,  vlil,  887. 
bodies,  chlorinated,  iv,  183. 
substances,  classification  o^  by  series, 
fkhid,  ii,  48.  ^        --> 

Oreani^ms,  auimal,  icinic  acid  In.  v,  29L 
Orijfln  of  specie*.  jffia%,  vi,  812,  Bate*, 

vt285,0«wi,vi,296. 
Orion,  nebula  of,  v,  102. 

spectrum  of;  IfugginSy  xl,  138. 
Omitholo£:y  of  Labrador,  Coues  on,  iii,  298. 
Ortho^copic  eye-piece,  Tulles^  i,  112. 
Osmium,  resolution  ftrom  ore,  i,  64. 

spectrum,  vi,  267. 
Oudry^  on  metallic  paintins:,  v,  264. 
Owen,  D.  D.,  obituarv,  i,  168. 

GeoL  survey  of  Ind.,  by,  noticed,  v, 
154. 
Oioen  R.y  caverns  of  Bmniquel,  vlil,  28L 
on  tlie  Awk,  viii,  481. 
on  Dh  ChaiUu'H  collection,  noticed, 
11,  485. 

on  brain  of  man  and  monkey,  noticed, 
Iv,  188,  440. 
Arehseopteryx,  vi,  127. 
monojifraph  of  the  Aye- Aye,  vi,  294. 
Aothrakerpeton,  xl,  124. 
OKwn,  R  £..  on  N.  Mexico  Mines,  noticed, 

xl,  891. 
Oxalate  of  ethyl,  Iot,  ix,  210. 
Oxyd  of  ethylene,  i,  277,  iv,  ISO. 

of  iron  from  lime  and  maf^ncsin,  i,  118. 
of  lead,  free  from  copper  and  iron,  1, 
116. 
Oxyds,  new  metallic,  vii,  116, 119. 


Oxyetbylene  l>fi«es,  v,  114. 
Oxygen,  aliotropic  form,  v.  111. 

fundamental  properties,  v,  112L 
Oxygen,  Mewaier  on,  vii,  825,  viii,  la 

p^paration  oi;  i,  280,  427,  v,  288,  ix, 

to  counteract  gangrene,  v,  266. 
Oxygenated  beverages,  MawmaU  on,  ill, 

116. 
Osone  and  nitrous  acid,  v,  268 ;  Hvsd^  ii, 
109,  V,  271. 

on  insensitive  iodld  and  bromid  of 
sliver,  ix,  74. 

Sermination  affected  by,  vii,  873. 
fdMirwr  on,  vii,  ^  vUi,  la 
preparation  o^  v,  lU. 
restores  engrovings,  ii,  275L 


Pacific,  earthquakes  in,  xl,  864. 

exploring  expedition,  iv,  9a 

guano  islands  of,  Uaguty  iv,  224. 
Paclcard*s  Bombycldee,  mention  o^  vUL 

481,  ix,  368. 
Painting,  metallic,  v,  264. 
Paleontology,  by  /.  HcUL  reviewed,  i,  299L 
U,  480,  lit  127,  280,  vii,  137. 

see  furth<*r,  GEOLoar. 
Palmer,  on  British  Columbia,  viii,  146. 
Ihnder^  on  Devonian  fishes,  vi,  127. 
Paper  from  mai2e,  viii,  299. 
Parabolic  orbits :  Brunnaw's  method,  viii, 

79. 
Paraffin  oil,  crude,  viii,  44a 
Paris  Acad,  of  Set,  ii,  96,  vii,  443,  xl,  189. 

Carte  Agronomique  de,  v,  270. 

Flore  dcs  environs  de,  vii,  484. 

insalubrity  of  air  of,  i,  268. 

mortality  in,  xl,  139. 

water- works  about,  vU,  443. 
Rtrkhurtt,  K  JT.,  elements  of  asteroid  (74), 

lv,480. 
PoLrkmany  71,  action  of  sulphur  and  phoi- 
phonin  groups  on  solutions  of  metals, 

carbonates  of  alumina,  glucina,  etc, 
lv,82l. 

obituary  of,  v,  155. 
Parmenticr,  biographical  notice,  iil,  lia 
/hr»*i«A'«  Practical  Pharmac}',  viii,  150. 
ibrry,  C  G,  Rocky  mountain  physiogra- 
phy, iil,  231. 

obituary  of  E.  Jamef,  IU,  42a 

flora  collected  by,  iii,  141, 287, 404,  iv, 
249,  330,  V,  187,  vi,  129. 
Parthenogenesis  in  plants,  vl,  29^ 
Huteur,  spontaneous  generation,  ii,  1. 

on  preserving  animal  substances,  vii, 
440. 

member  of  French  Academy,  v,  803. 
Paulliniasorbilisand  Its  products,  vi,  11^. 
Paxton,  J.,  obituary,  xl,  140. 
i>i^0n,  des  Substimces  Alimentalres,  11,101. 

Precis  de  Chimie  industrielle,  ii,  103. 
Payer,  J.  B.,  obituary,  i.  267,  462. 
P^u  de  St.  GlileH,  vi,  402. 
Pearce,  J.  A.,  obituary,  v,  156. 
IPearis,  artificial,  iii,  l:i0. 
!iter»<?,  J,  jR,  on  chlorite  group,  vU,  22L 
Peat-sandstone,  Meyn  on,  v,  123. 
Pebbles,  elongated,  i,  875, 440. 
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Pbotofiraphlc  eoUodlon,  fonnnto  for,  tl, 

426,  V,  419. 
copying,  JSmermm^  iv,  418. 
iDVh<iiblo  image,  Leciy  xl,  100. 
plate,  iodize(^  action  of  electrie  light 
on,  yU,  207,  vili,  42a 

sensitive,  atrtion  of  Uffat  on,  t,  386w 
transparency.  Miller,  vi,  108,  rlii,  107. 
Photoirrapbs  of  spectra,  MilUr^  ii,  408,  f^ 
103,  vilC  107. 
laded,  vellow  color  ot  tU,  488. 
Photography  applied  to  the  microscope, 
£oo3,  i^im, 
astronomical,  ix,  304, 869. 
developing  solution  in,  Verrilly  ix,  281. 
dry  process  In,  ii,  426,  vU,  123. 
illustrating  markings  on  Plearoslgma 
angnlatum,  li,  885. 
magnesium  light  for,  vii,  440, : 
Mayer  <t*  PierKm  on,  noticed,  T,  S 
milltar}',  iU,  120. 
misceliaueous  facts  in,  vi,  419L 
redevelopere  in,  vl,  417. 
selenocyanids  in,  vi,  416. 
silver  waste  in,  vl,  417. 
sulpbocynnid  of  ammonia  hi,  vl,  417. 
tannin  process  in,  JSmeraon.  It,  1S4. 
Photometer,  Dove's,  Rood,  ili,  209,  vl,  «0l 
Physics,  interpolation  in,  iv,  27. 

molecular,  Norton^  vili,  61, 207,  ix,  8117, 
z],61. 
saiimafCt  Principles  of,  1, 149. 
see  ElectricUy,  Beat,  Light,  MagnOUm, 
Picramlc  acid.  Lea,  i,  lt«i,  ii,  210. 
Picric  acid.  Lea,  i,  75,  78,  IL  180. 
Picrotoxine,  detection  of,  Langley,  iv,  108. 
PiclH,  F.  J.,  quatemian  period,  i,  845i. 
PikeV  Peak,  height  of,  viil,  148. 
Pinani,  on  astrophyllite,  vii,  272. 
on  paracolumbite,  vii,  359. 
analysis  of  poUux,  viU,  115u 
garnet  of  Elba,  viil,  277. 
Pifko,  Die  fluorescens  des  Lichtes,  0,  lU. 
Pittsburgh,  gun-canting  at,  vii,  296. 
Phina,  Giovanni,  obituary,  vii,  80k 
Planetary  distances,  KirkwwxL,  ix,  66. 

kw  of,  HinricltM,  ix,  144. 
Planetology,  Hitirieh*,  ix,  46, 184,  276. 
PianetH,  density,  roution,  and  relative  ag« 
oi;  Hinriehu,  vii,  86;  Kirkwood,  vUl,  9. 

inclination  of  orbiu  of,  to  invariable 
phiue,  Hinric/iH,  xl,  181. 
origin  of,  Truwbridye,  ix,  90. 
see  also  Aeteroid. 
Plants,  dimorphism  and  trimorphism  to, 
iv,  285,  419,  vi,  279,  ix,  101, 104,  3U). 
fussU,  of  Nebraska,  Meer,  i,  485. 
see  further.  Botany. 
Platinum,  American  process  of  workins, 
iStom-,  lii,  124. 
from  Oregon,  m^tal  in,  Ui,  SSL 
metals,  V.256;  CWt&s,  i, 63,  iv, 841, vii, 
57;  j>a,  Till,  81,  24a 
Piaj/fair,  on  density  of  vapora,  ill,  418w 
Pleurodvctium  problematicum,  T,  &, 
Pleuro!*ut:ma  augulatum.  nature  of  mark* 

ings,  Uuod,  ii,  885. 
Plummer,  J.  T.,  obituair,  xl,  896. 
£r€iOiUrU  improvements  in,  ii,i  A)^*  A.^  temperatore  of  the  Atlantic,  ffi, 

268. 


JMet,  docvments  relatift  an  dianfflure,  ii, 

lOL 
I\iirce,  C.  8.,  chemical  theory  of  interpen 

etration,  v,  78. 
J^htue,  on  petroleum,  vi,  418. 
PendU'on,  O.  C,  earthquakes  in  Pacific, 

xl,864. 
Penn.,  magnetic  survey  of,  Baehe,  T,  859. 

oil  region  of,  Swles,  ix,  100 
Penobscot  bay,  glacud  action  in,  v,  249,  vi, 

274.  vii,  jSs. 
J^rcj/^8  Metallurgy,  v,  118,  viii,  149. 
Ikrkin,  H.    IV.,  coloring   matters  from! 
coal-tar,  ii,  267,  416. 
mauve,  vii,  418. 
Permeability  of  iron,  vll,  441. 
Permian,  see  Geoloot. 
Rrrey,  A.,  theory  of  earthquakes,  vll,  1. 
on  volcanoes  of  Kurife  Is.,  noticed, 
xl,  272. 
Persia,  Khanikqjfon,  iv,  863. 
Peru,  earthquake  in,  xl,  865. 
Bdtrmann,  on  the  North  Pole,  xl,  893. 
FtUrH,  on  szaibclyite,  iv,  221,  vii,  271. 
Flithenck's  Expedition,  ill,  260. 
Petrifaction  ofanimal  substances,  viii,  441. 
Petroleum,  Albert  coal  related  to,  ix,  267,* 
866.  I 

American,  constitution  of,  SehorJem-i 
mer^  vi,  115,  418;  IVotue  and  Cahoure, 
vi,  418. 
California,  SiUiman,  ix,  101, 841. 
Chicago,  boring  at,  xl,  388. 
Michigan,  geological  position  oil  Win- 
cheU,  ix,  850. 
Pennsylvania,  ix,  100. 
chem.  and  gcol.  hist,  of,  HunU  ▼,  157. 
geol.  relations  of,  Andrews^  li,  85. 
Oemer  on,  i,  147,  xl,  29L 
w^ll-*,  Evans,  vili,  159. 
see  farther,  Hydroeat'hon^  AtphaUum. 
Phenamiue,  ii,  268. 
Phenate  changed  to  rosalate  of  lime,  iv, 

408. 
Phenyl ic  acid  changed  to  rosalic,  Iv.  408. 
Philadelphia  Acad.  Nat.  Scl,  Joum<u  and. 
Proceedings  of,  i,  lOi,  lii,  159,  iv,  8a5J 

450,  V,  156,  vi,  451,  vii,  156,449,vUi,  152,' 

451,  ix,  116,  xl,  148.  i 
FhUlipH^a  life  on  the  earth,  reviewed,  i,  444.! 
Philom}phical  apparatus,  Ritchie's  illustra- 
ted catalogue,  i,  804. 

PhipeofL,  21  A ,  on  Sombrcrite,  vl,  423. 
Phosphate  of  lithia,  Freneniun  on,  iil,  416. 
Phoi*ph()ric  acid,  ChaticeVe  determination' 
of,  1,279,  281.  I 

in  igneous  rocks,  Sehid,  i,  858. 
Phosphorus,  action  of,  on  metal  solutions, 
lii,  82a 

amorphous,  NiekQe,  lii,  115. 

colonulon  of  flame  by,  vi.  llfi,  267. 

cyan  id  o^  vll,  269. 

luminositv  of,  iv,  487. 

scries,  polyatomic  bases  o^  i,  420. 

spectrum  of,  iil,  214,  vi,  267. 
Phosphurctted  hydrogen,  Rou,  viii,  818. 
Photographic  camera,  globe  lens  for,  v,l 
819. 
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Poisoning,  effects  of  strychnine  and  cu- 
rare antagonistic,  ii,  9o. 
Polarization  of  American  oil  of  tnrpen 
tine,  ii,  107. 

mechanical,  experiments  in,  Chate^iX, 
813. 
Polarized  light,  instrument  to  illustrate, 
JUneU,  ii,  »70. 
reflectiun  of,  vi,  109. 
Polyatomic  bases  of  nitrogen,  phospho- 
rus and  arsenic  series,  i,  4x0, 
Polyethylenic  alcohols,  i,  280. 
Polvglyceric  alcohols  and  anhydrids,  ii, 

Polytechnique  Association,  vi,  407. 
il«w,  on  yttria,  erbium,  wasium,  viii,  418, 

Portland  Soc.  Nat.  Hist.,  Journal,  ix,  116. 

Proceedings,  v,  295. 
Potash,   indirect  determinations  ot^  Til, 
S44. 
picric  acid  as  test  for,  i,  75. 
Potassium,  bromid  of,  viii,  267. 

ferrocyanld  of,  urea  from,  ii,  179. 
fluohydrate  of  fluorid  of,  vii,  855. 
peroxyd  of,  iil,  278. 
monotfulphid  of,  on  bromid  of  ethyl- 
ene, vii,  890. 
Pot-holes  near  Poultney,  Vt.,  xl,  864. 
Poudam,  sec  Gboloot. 
J\jumaride.  new  mode  of  reducing  metals, 

vlU,  267. 
Prairies,  origin  of,  Dantiy  xl,  298. 
Shtglemanny  vi,  884. 
LeHOitereuXy  Ix,  817,  xl,  28. 
Winehdly  vUi,  882.  444. 
Praeott,  TT.,  species  of  Chiton,  viii,  185, 

481. 
Preservation  of  animal  substances,  vii, 
440,vill,441. - 
building  materials,  vl,  406. 
colors  of  star-tlijih,  VerriU^  ix,  228. 
seeds,  viii,  444. 
wood,  ii,  274.  v,  267,  viii,  399. 
PrImordiHi,  sec  Gbolooy. 
Prior'8  Names  of  British  Plants,  vii,  438. 
Priority,  note  on  rule  of,  iil,  132,  vi,  809. 
Prisms,  bisulphids  of  carbon  and  flint 

glass,  J&wd,  I v,  299,  v,  856. 
Prize  offered  by  French  Academy,  vii,  443. 
questions  of  scientific  socieiies,  iv,450. 
to  Ruhmkorff,  viii,  801. 
toSorel,  vUi,801. 
Propyl-phyclt,  Cariui  on,  xl,  115. 
Ptotagon,  xi,  118. 

Protein  substances,  artificial,  iii,  118. 
Proto-organlsms,  Influence  of  light  oapro< 

duction  of,  ix,  81. 
Protosulphid  of  carbon,  Baudrimontty  l, 

281. 
Protozoans,  oceanic,  related  to  sponges, 

Dana^,  886. 
Prout,  H.  A.LObltuaTy,  ill,  468. 
Pirovancher^9  Flore  Canadienne,  v,  445. 
Prussian  expedltiou  to  Japan  and  China, 
11,148. 
meteorological  bureau,  xl,  288. 
Pseudomorphism  and  pseudomorphosis, 

1,273. 
PterUdse,  Meek,  vU«  212. 


Pugh,  E.,  obituary,  viii,  149,  801. 

Pupa  vetusta,  vl.  481. 

[Putnam'g  Natarallst^s  Directory,  notice  of, 

I    ix,  874,  xl,  142. 

Putrefaction,  alkaloids  produced  by,  Ti, 

416. 
Pyroschists,  history  of,  ffunt^  v,  167. 

analysis  of,  WhUney,  v,  ICO. 
Pyroxlline  paper,  electrical  properties  of, 

Jo?MMUm,  vii,  116,  U,  848. 


Quatemian  period,  i,  845. 

i^uairffage^*  Unite  de  TEsp^ce  Humalne, 

iv.  I'M. 
Quebec  group,  see  Gbologt. 
i^ieUt^  n\XT  la  Physique  du  Globe,  v,  153. 
on  shooting  stars,  re%iewed,  vl,  145. 
on  August  meteors,  vi.  444. 
Quicksilver  mines,  New  Almaden,  SQli- 
mati,  viU,  190. 


Badde'8  Botany  of  S.  E.  Siberia,  iv,  286. 
Kadlation  of  heat  by  gases,  ii,  106. 

through  atmosphere,  Tyndail  on,  vl, 
99. 
Radicle  in  plants,  Gray,  viii,  125. 
Rain-fall  in  0.,  McMiUun,  11,  296. 
I       following    discharge    of   ordnance, 
I    2.«uri«,  ii,  296. 

BammeUbergy  Mlneralchemie  by,  noticed, 
i,  854,  ill,  *.^04. 
on  N.  A.  meteorites,  Iv,  297,  viii,  425. 
analyses  of  minerals,  viii,  116. 
iZornMV,  A,  C,  glacial  origin  of  lakes,  T, 
824. 

transition  between  Lias  and  Oolite, 
and  between  Cretaceous  and  Tertiary, 
viii,  285, 287. 
Address  by,  noticed,  vi,  278. 
Bandy  E,  ii,,  heather  in  U.  S.,  iii,  22. 
Bautenhergy  on  urine  of  oxen,  v,  29L 
BaveneVi  Fungi  of  Carolina,  1, 180. 
Ray-bands,  hunty  v,  891. 
\Baymortdy   Les   marines   dc    France   «t 

d'Angleterre,  noticed,  vi.  407. 
BayruUdMy  W.  F,  report  ol  explorations, 
I    noticed,  i,  229,  iv,  100. 
Reader,  The,  noticed,  vii,  466. 
Red  river  basin,  v,  224. 
Redevelopers,  jUanehardy  Simpeoriy  Litutay, 

Liberty  and  Waldaky  on,  vi,  417. 
Bedjtddy  W.  C.  and  Wm,  Beid,  Corres- 
I    pondence  of,  iv,  442. 
Refraction,  atmospheric,  ChattUy  Iv,  484. 
I        of  fluid  compouuds,  Lcaidolty  v,  415. 
'iSe;0re{*«Monogmphia  Betulacearum,  111,189. 
Regelution,  GibU,  1, 414. 
B^iauU  on  heat  of  elements,  iii,  270. 
\Beichy  on  indium,  vl,  415.  vU,  269,  vUi,  118. 

on  silver  in  lead,  v.  119. 
[BebuicK'e  test  for  arsenic,  deposit  on  cop- 
per in,  11, 117. 
I  H«^;«cron,  U,277. 

I  Relief,  perception  of,  Emereotiy  iv,  812. 
Beinde.  on  sulphur  compoimds  of  urani- 
um, ix,  844. 
BtnduU  Intelligence  des  bdtos,  noticed.  tL 
407.  »  »  *» 
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Renwick.  J.,  obituarv,  v,  806. 

Retorts,  improved,  Lea^  It,  802. 

Bfixiheny  L.^  blood-corpuscles  in  retina,  i, 

325. 
Revolving  disks,  appearances  produced 

by,  -Scwd,  V,  357. 
Seynoldty  selenocyanids  in  pliotographj, 

vl,  416. 
Rhizopods  of  the  Azoic,  vii,  273,  4S1,  zl, 
344,391. 
sponge-secretions  in,  viiL  181. 
Rhodlzonic  acid,  iii,  274. 
Richardson,  J.,  obituary,  xl,  140. 
Biehter^  on  silicon  in  pig-iron,  v,  118. 
desulpbu ration  In  puddling,  v,  119. 
manganese  in  iron,  v,  120. 
indium,  vi.  415.  vii,  269,  viii,  113. 
mey,  E,  titanium  in  iron,  vii,  126. 
JiUchie't  catalogue  of  apparatus,  i,  304. 
MUter'a  Comparative  Geography,  xl,  142. 
Robb,  J.,  obituary,  ii,  150,  304. 
BobbiM^  mode  of  preparl^  oxygen,  ix,  95. 
Rock  oil,  see  PelroUum,  ^^ 
Rocks.  Hunt  on,  U,  286,  vU,  248,  viii,  91, 
174,  Ix,  176. 
phosphoric  acid  in  igneous,  i,  853. 
Rocky  Mts.,  BirryU  Flora  of,  iii,  141, 287, 
404,  Iv,  249,  330,  v,  137,  vi,  139. 
physiograpiiy  of,  ilirry,  iii,  231. 
period  of  elevation  of,  iii,  305. 
primordial  sandstone  of,  iii,  68. 
Boemer*8  SUuriaji  faima  of  W.  Tenn.,  i, 

127,205. 
Boepper  T7.  7*.,  thallium  in  furnace  pro 
ducts,  V,  420. 
Gemsbart  electroscope,  vi.  111. 
Sogers^  H,  i>.,  age  of  N.  J.  Highlands,  ix, 

221. 
Bogern,  W.  JR.,  pebbles  in  Newport  con- 
glomerate, i,  440. 
electric  illuminations,  vi.  307. 
Bominger.   C,   Waukesha   limestone   of 
Wis.,  iv,  m, 
Calamopor»  from  Mich.,  iv,  389. 
Pleurodyctlum  problematicum,  v,  82. 
Leptocffilia  concava,  v,  84. 
Bood,  0.  ^.,  stereoscopic  drawing,  i,  71. 
diehroscope,  1, 107. 
Dove's  Optlcivl  Studies,  i,  109. 
experiments  on  lustre,  i,  339. 
subjec'tivo  optical  pheuomcna,  i,  417. 
perception  of  distance  and  color,  ii, 
184. 

application  of  photography  to  micro- 
scope, ii,  186. 

markings  on  Pleuroslgma  angulatmn 
shown  by  photographv^  ii,  335. 
microscupic  formti,  fii,  65. 
electric  spark  studied,  iii,  219,  viii.  361 
Dove*s  photometer,  ill,  269,  vi,  60. 
spectrum  by  solution  of  nitrate  of{ 
didyminm,  Iv,  129. 
stereoscopic  experiments,  iv,  199. 
bisulpliid  of  caroon  prisms,  iv,299,  v, 
356. 
revolving  disks,  v,  357. 
action  of  weak  electric  light  on  iod 
ized  pUte,  vii,  207. 

combination  of  light  of  different  tints, 
ii:,254. 
experiment  with  gyroscope,  ix,'259. 


BoocL,  0. 3r.,  apparatus  for  producing liuter 
without  use  of  lustrous  sorlacea  or 
the  stereoscope,  ix,  260. 

made  professor  in  Colnmbi*  ColL,  vH, 
147. 
Roots,  function  of,  Senrici,  vii,  136. 
Rosalate,  trom  phenate  of  lime,  ir.  406. 
liosalic  acid,  from  phenylic.  iv,  408. 
Boscoe^  on  h3rpercluoric  acid,  iv,  13L 
Jiodfy  O.y  carbonate  of  lime  at  high  tem- 
perature, Ii,  112,  vl,  278. 

isomorphism  of  silica  with  deutozyd 
of  manganese,  viii,  113. 
Bote,  M.t  contrib.  to  analytical  chemiitij, 
1,  112. 
on  columbite,  v,  426.  vii,  117. 
new  series  of  metallic  oxyds,  Tli,  1191 
obituary  of,  vlL  304. 
biography  of,  ZAnC^r,  viii,  305. 
Roseiue  ft-om  coal-tar.  Tb-Acin,  ii,  270. 
Bosae^  on  nebulae,  noticed,  vii,  198. 
Rotation  in  Saaroms  cemuus,  Sehttf^. 

iv,400. 
B(nuinin,  on  action  of  light  on  nltropmt- 

sid  of  sodium.  vU,  408. 
Royal  Geographical  Soc,  Proc  of;  It,  858l 
Institution  of  Great  Britain,  Proceed- 
ings, noticed,  vi,  99. 
Society,  vi,  103,  vii,  100. 

medals  of;  iU,  155,  viU,  144,  ix,  114^ 
Bubidae,  B  M,  fossU  discoveries  in  Africa, 

Rnbldia,  tartrates  of,  vii,  70. 
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BtUherfurd,  L.  M..  companion  to  Slrins, 
iv,  294,  V,  407. 

spectroscope  observations,  v,  71,  407. 
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Minerai-comptoir  of;  ix,  3T8. 
Safdy,  charcoal  formed  under  prfssuie, 

vilf,  4*1. 
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mine  in  Loui-tiana,  vi,  308. 
springs  of  Michigan,  Iv,  807. 
"Waters  of  Alleghany  and  Keskemine- 
tas  Vrtlleyj*,  iHieren,  iv,  46. 
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Sarepta  meteoric  iron,  vi,  150,  viii,  424. 
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classiflcatlon  by  series,  ii,  48. 
Einleitung  in  das  Studium  der  Organ 
ischen  Chemie,  ii.  111. 
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1865^1,862. 
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mineralogical  notices,  vii,  405,  xl,  110, 
128. 
on  spartaite,  ix,  174. 
shooting  stars,  Nov.  I860,  i,  187. 
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Nov.,  1864,  Ix,  113,  229. 

Jan.,  18a5.  Ix,  23L 

Aua:.,  1865,  xl,  384. 
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Sllberraann,  obituary  of,  xl,  288. 
Silica  in  the  higher  plants,  JbhMony  y,  124. 
IsomorphUm  with  deutoxyd  of  man- 
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Silkworm,  see  Zoology. 
SilUman,  B.,  obituary,  Ix,  1. 
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Principles  of  Physics  by,  noticed,  i, 
149. 
Silurian,  see  Geoloot. 
Silver  Spring  of  Florida,  optical  plienom 
ena,  LiConU,  i,  1. 
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Soll-annl^sls,  review  of,  JchnMm.  ii,  283L 
Soils,  MuUer  on  composition  of,  v,  292. 
Solar  atmosphere,  analysis  of;  JRrchhi^,  i, 
103. 
eclipse,  July,  1880, 1, 189,  lU,  145. 
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Hclmea'i  fossils  of,  iii,  298. 
Spain,  S^tilivoiiB  Geology  of  Santandcrin, 
viii,  119. 
topojn^phic  survey  of,  iv,  861. 
Spare 9  Differential  Calculus,  Ix,  236. 
Species,  Bree'K  book  on,  l,  449. 
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KhxhhofTs  memoir  on,  noticed,  iv, 
104,  vl,  266. 
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Oibbs\  V,  110. 

LUtroupB^  V,  418. 
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obituary,  vlii,  449. 
Speifcery  if.,  on  Education,  noticed,  l,  804. 
Sphiigna  of  N.  J  ,  Austin^  v,  252. 
Spinal  cord,  microscopic  anatomy  of,  11, 

802. 
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M  Herculls,  Clark,  v,  301. 
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Stohmann,  urine  of  oxen,  v,  291. 
Stokes,  long  spectrum  of  electric  light,  vl, 

IQS. 
Stolba,  estimation  of  sulphuric  acid  in 

salts  of  alkalies,  vil,  122. 
Storer,  F.  H.,  technical  ohemlstrv  (notices 
and  extracts),  1, 115, 118,  II,  114,  111,  277. 

on  Impurities  of  zinc,  I,  142,  II,  880. 

loss  of  light  by  glass  shades,  i,  284. 

alloys  of  copper  and  zinc,  1,  S^,  423. 

IcAd  In  sliver  coins,  I,  430. 

Eeroselene,  II,  276. 

American  process  of  working  platin- 
um, iii,  124. 
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Storer.F.Kj  arsenic  catinp  In  Styria,  111,126. 
Dictionary  of  Solubilities,  notice  of, 
Y,  803,  vl,  447,  vii,  301. 
Strahl^  classitlcation  of  Brachyura,  v,  139. 
Slmnge,  on  aluminum-bronze,  y,  286. 
Streams,  rising  of,  in  Cal.,  (?iWKWM,  vlli,  187. 
Stretch^  i/.,  shooting  stars,  Nov.  1864, 

appointed  geolojrist  of  Nevada,  xl,  273. 
Striae  of  diatoms,  HuUivarU  and  Worndey^ 

1,12. 
StJ-omeyeTy  on  szaibelylte,  vii,  271. 
Strontia  distinguislied  from  lime,  i,  113. 
Strontium  in  nieteoritc,  iv,  407. 
Struve,  F.  G.  W.,  obituary,  Ix,  114,  xl,  145. 
Strycliuine  and  curare,  effects  of,  ii,  98. 
Suez,  cuttin;<  of  isthmus  of,  vili,  300,ix,  85. 
SulHmn's  Geol.  of  Santander,  vili,  119.      ' 
Sullimnt,  W.  S„  Nobert's  test-plate,  i,  12. 

Musci  Cubenses,  by,  iii,  141. 

Icones  Museorum,  l)y,  vlii,  391,  429. 
Sulphate  of  baryta,  solubility  of,  Ix,  90. 

of  copper,  a  preservative  of  wood,  II, 
27i 

of  lime  soluble  in  chlorhydrlc  acid, 
Juhn*on^  v,  283. 
Sulpbids  of  alcohol  radicals,  iv,  133. 

of  hydrogen,  reaction  with,  xl,  338. 

of  potassium  on  bromid  of  ethylene, 
Yil,  8(10. 

of  thallium,  crystalline,  vll,  117. 
Sulphocyanid  of  ammonia  In  photography. 

Sulphur  compounds,  new,  OrfeU^  viil,  265. 

of  uranium,  ix,  344. 
crystallization  of,  Wetherm,  xl,  838. 
cyanld  of.  111,  271. 
on  solutions  of  metals,  ill,  828. 
spectrum  of.  Hi,  414. 
Sulphuric  acid,  arsenic  In,  v,  116. 

estimation  of,  vii,  122. 

manufacture,  vl,  269. 

on  hlppurlc  acid,  Jfoter,  ix,  208. 

reduced  by  nascent  hydrogen,  ii. 


412. 
90. 


sulphate  of  baryta  soluble  Id,  ix, 


Sun  and  stars  photometrically  compared, 
Clarky  vl,  76. 
autographs  of,  iv,  436. 
constitution  of,  Magnw^  vlll,  106. 
distance  of,  vl,  161,  vii,  409. 
intensity  of  action  of  different  parts 
of  disk  of,  ix,  83. 
measure  of  heat  of,  Mayer^  vl,  264. 
origin  of  heat  of,  Mayer,  vlll,  187. 
rotation  of,  magnetic  period  depend 
Ing  on,  vlll,  420. 
epoJts  of,  viil,  141, 142,  420. 
surface  of;  Dawes,  viil.  208. 

Nasmyth  on,  iv,  437. 
see  also,  aolair. 
Sftrya-Slddhdnta,  trans,  of,  1,  298. 
Switzerland,  lake-habitations  in,  iv,  161, 
xl,185. 


Taconic  system,  see  Geoloot. 
Tantalum  and  eolumbiam   componnds, 
lUm,  vUi,  821. 


Tar  as  a  preservative,  Kuhhnann.  vl,  406. 

dyes  from,  Bsrkin,  U,  267, 416. 
TainaWa  catalogue  of  planU  of  Newcastle 

Co.,  Del,  i,  180. 
Taurus,  second  nebula  In,  v,  108. 
Taylor,  W.  J.,  obituary,  vll,  447. 
Telegraph,  army,  Nicklh^  iii,  119. 

Atlantic  and  Pacific,  Ii,  454. 
Telegraph  cable,  dilflculties  in  laying,  vii, 
440 

physlol.  effects,  iVidk/^,  iU,  119. 
submarine,  Nickl^,  Ui,  lia 
T^l^graphie  Electrique,  Bregvet,  noticed, 

V,  269. 

TenirxL  discovers  comet,  Oct.  1860, 1, 186. 

comet,  1, 1862,  iv,  430. 

comet  IV,  1863,  vii,  292. 

Terpsichore  (81),  ix,  11 L 

Temperature  in  temperate  zone,  DennU, 

V,  44.  •      , 

observations,  method   of  reducing, 
JEvei-eU,  v,  17,  vl,  178. 

remarks  on  Everett's  article,  Loomit, 
V,  31. 
of  Atlantic,  Ihey,  111,  268. 
of  sexes,  vlii,  448. 
Tennessee,  Cretaceous  and  superior  form,- 
atlons  of,  Saiford,  vii,  860. 
gcol.  survey,  i,  294. 
upper  Silurian,  Roemer  on,  1, 127, 205i 
Tenore,  M.,  obituary,  Oray,  iii,  427. 
Terbium,  Btpp  on,  vlll,  418. 

absorption  spectrum  of;  xl,  260. 
Tertiary,  see  Gbologt. 
Texas  geoL  sun-ey,  1, 124, 127,  294, 460. 
primordial  fossils  of,  II,  213. 
rocks  of,  Marcou  on,  Meeky  ii,  278. 
ThalUc  alcohols,  Ix,  220. 
Thallium,  Crookes,  ii,  411,  Iv,  409,  v,  273, 
vlll,  266;  Johruon,  vii,  121;  Xomy,  iv, 
275,  V,  273. 
conductiblllty  and  heat  of;  vl,  113. 
In  furnace  products,  Romper,  v,  420. 
In  certain  micas,  vlii,  420. 
spectrum  of,  viil,  107. 
sulphate  of,  vii,  117. 
Thermo-electric  batteries,  Bimaen,  ix,  21fiL 
Marcm  on,  xl,  167. 
currents  in  circuits  of  one  metal,  It, 
435. 
elements,  motive  power  of,  xl,  259L 
ThomaoHy  W.,  medal  to,  vlll,  144. 
Thorium,  atomic  weight  of,  viil,  417. 
Thuty,  production  of  sexes,  vlii,  133,  Ix, 
84. 

criticised,  OotUy  xl,  139. 
ThwaUe*8  Ceylon  Plants,  Hi,  482,  xl,  12S. 
hndal  wave.  Mover,  vUl,  897. 
Tides,  aerial,  Choie^  viil^  226. 

theory  of,  DennU,  vil,  234. 
Time  boundaries  in  geoL  histoiy,  Dcaui^ 

vl,  227. 
Ti8tier's  process  for  iron,  i,  120. 
[Titanium  in  Iron,  vll,  126. 
ToiUea,  R,  R,  binocular  microscopes,  viii, 
111,  ix,  212. 
orthoscoplc  eye  piece  by,  i,  112L 
TorrdTe  Arctic  Exp^Uon,  iii,  265. 
Jbrrey,  /.,  octahedral  galena,  ▼,  126. 
Ibwnvend,  /.  <&,  on  a  laige  mass  of  natiTtt 
copper,  vii,  4SL 
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Translt-observRtion,  error  of,  Ix,  113. 
Trapp^  on  veratrin,  vl,  26a 
TreadireU,  />.,  prize  to,  xl,  28a 
Triassic,  see  Geology. 
Tricthylamlnc,  I,  422;  Lea,  Iv,  6ft. 
Trigonomeler.  Lyman\  iv,  157. 
Trimorphism  in  plants,  ix,  360. 
Tristan,  Marquis  de,  obitnarv,  ili,  42a 
TrooeL,  vapor-densities,  vi,  4()8. 
permeability  of  iron,  vii,  441. 
on  zirconium,  xl,  261. 
TrouvdoL  new  American  silkworm,  ix, 

228. 
Trtnobridge^  2).,  invisibility  of  nebulous 

matter,  vii,  210. 
nebular  hypothesis,  vlii,  344,  ix,  25, 

113,  863. 
•  Tnibner^s  American  and  Oriental  Record, 

notice  of,  ix,  375. 
Trvon^  O.  Vf.,  announcement  of  American 

Journal  of  Concholoffy,  Ix,  116. 

monograph  of  Pholadacea,  «&c.,  no- 
ticed, V,  29f. 
Tubularla  not  parthenogenous,  Qark^  yii, 

6L 
Tuckermmi's  Uehenes  Cubs,  vii,  486. 
Tucson  meteoric  Iron,  Bru»h,  vi,  152. 
Tungstates,  Marignac  on,  vl,  113. 
Tungfsten,  alloys  of,  vii,  lia 
Tunnel  of  Mt.  Cenls,  ii,  101,  111,  439,  xl, 

138. 
Tunner^  on  Bcssemer^s  process,  t,  421. 
Berg-  und   huttenmfinnisches  Jahr- 

buch,  noticed,  vi,  278. 
Turpentine,  oil  of,  adulteration  with,  ix, 

polarization  of,  MdhlOy  ii,  107. 
TuUU^  H.  P.,  discovers  asteroids,  (66)  i, 
463,  (73)  iil,  436. 

comet  III,  1861,  lii^  289. 
on  Tempers  comet,  vbi,  432. 
Tweedie,  J.,  obituary,  v,  449. 
Twining,  A.  C,  meteors,  Nov.  1860, 1, 188 
Nov.  1861,  iU,  146;  Aug.  1862,  iv,  295; 
Nov.  1862,  V,  146;  Nov.  1868,  vii.  146; 
Nov.  1864,  ix,  229;  Aug.  1865,  xl,  384. 
periodic  meteors,  ii,  444,  v,  149,  vii,445. 
meteoric  rings  affected  by  earth,  iii, 
244. 
Aurora,  Aug.  1865,  xl,  285. 
Twinina,  K.,  ascent  of  Monte  Rosa,  Hi,  4^. 
TykTy  IK  S.y  spartaite,  Ix,  174. 

sybedrite,  xl,  111. 
TyndaU,   on    radiation   through   atmos- 
phere, vi,  99. 

on  absorption  and  radiation  of  heat, 
noticed,  U,  106. 

on  Heat  as  a  mode  of  Motion,  noticed, 
vi,  3iO, 
Tyrian  purple  from  coal-tar,  i^JWn,  ii, 
26a 


Vnger,  on  geology  of  Greece,  etc.,  vii,  79. 
UnlonidaB,  Lea  on,  noticed,  iv,  451,  ▼,  143, 

vl,  189,  vii,  436. 
U.  8.  Army,  medical  statistics,  L  60. 
Coast  Survey,  Report,  v,  239,  Til,  95, 

ix,116. 


U.  8.  government  surveys,  Eayden,  iv,  9a 
Nat.  Hist,  contrlb.,  noticed,  i,  295. 
Nav.  Observatory,  ii,  148. 

omissus  observations  at,  v,  146. 
Stehbins^s  eighty  years  progress  of^ 
noticed,  il,  455. 
Upper  Missouri  explorations,  1,  229,  iii, 

452,  iv,  100,  xl,  271. 
Urals,  exploration  of,  xl,  288. 
Uranium,    carbonate  of  sesquioxyd  ot, 
iv,  321. 

separation  of,  ix,  64. 
sulphur  compounds  of,  JRemeli,  Ix,  344. 
Ure's  Dictionary,  Supplement,  noticed, 

vi,  811. 
Urea,  from  ferrocyanid  of  potassium.  Lea. 

ii,  179. 
Urine  of  oxen  in  relation  to  food,  y,  291. 
Uidar,  on  separating  alkaloids.  Hi,  415. 
Utah,  wagon-road  routes  in,  iv,  99. 


Valenciennes,  obituary,  xl,  140. 
Van  Beneden^  Belgian  bone  cave,  Ix,  228, 
xl,  136. 

Crustacea  of  Belgium,  noticed,  vill, 
295. 
Van  den  Bosch,  R  B.,  obituary,  ill,  42a 
Van  Heuvd,  J.  il.^ndlans  of  Haytl,  v,  171. 
Vapor-densiiles,  Pknfair  and  H  anklwu  iii, 
413. 

DevUle,  vi,  408,  ix,  346. 
V<q)pereau^  L'unn^e  litt^raire  et  dramat- 

ique,  i,  155. 
Variable  stars,  Masterman,  vl,  144. 
Varieties  in  plants,  origin  of,  Decaime,  vi, 

432. 
Vegetable  ivory,  vii,  445. 
Vegetation  affected  by  ozone,  etc.,  Lea. 
Til,  37a  »        »  --. 

Venezuela,  coal  in,  vill,  28a 
Ventilation  at  Key  West,  ffuni^  v,  894 
Venus,  light  of^  compared  with  moon,  11, 

287. 
Veratrln,  Trapp  on,  vi,  26a 
Verdety  lectures  by,  noticed,  vi,  407. 
Vermont,  GeoL  report,  iil,  416,  iv,  135,  v, 
430. 

red  sandrock  of,  age  of,  IL  232,  454, 
iii,  100,  106   370,  421. 
see  also  Geology,  Taconic  system, 
Verrillj  A.  E.,  new  developing  solution, 
ix,221. 
preservation  of  starfishes,  ix,  226. 
new  American  silkworm,  ix,  228. 
Putnam's  Directory,  ix,  374. 
classillcation  of  Polyps,  xl,  127. 
List  of  Polyps  and  Corals,  etc.,  by, 
notice  of,  vii,  437. 

Polyps  of  eastern  coast  of  U.  8.,  no- 
ticed, viU,  450. 
Vibrating   water-&lls,    Loomia,  vl,   352; 

Mckerson^  Ix,  151. 
Vickers,  H.  T.,  mounting  insects  for  mi- 
croscope, vi,  157. 
Vilroorin,  L  de,  obituary,  i,  461. 
VUnwrinrAndriettx,  Des  fleurs  de  pleine 

terre,  vii,  435. 
Vinegar  manuiauture,  Wetherill  on,  1,  450. 
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Vlollne  from  coal-tAr,  /VrW»,  il,  370. 
Virf^nla,  Appaliicbian  region  of,  i\%  413 
creeper,  teudrils  of,   Gruy^  v,  445,  vi, 
X30 
»andhiIU  of,  Latrobe,  xl,  261. 
Voffcl,  Ueiiglin'tt  seanb  for,  i,  59. 
Km,  on  excretion  of  nitrogen  from  ani- 
mal*, vi,  271. 
Volatile  hydrocarbons,    Wan^en^  xl,  89, 
21d,  Ji84. 
»ub8tancc»,  diptlllnllon  of,  vli,  377. 
Volcanic  island  in  tbe  Caspian,  viii,  118. 

upheaval  of  8ea,  Bandwicb  Is.,  i,  ^01. 
Volcanoes,  In  California  and  Oregon,  xl, 
264. 
of  CandarnTe,  ascent  of.  It,  SCO. 
of  Cotopnxi  and  Arcquipa,  slopes  of, 
Dana,  viii,  427. 
of  Etnji,  eruption  of  Fouqui^  xl,  122. 
of  Kilauea,  Coatt,  v,  296,  vU,  415,  xl, 
122. 
of  Kurile  Is.,  etc.,  Ihrty  on,  xl,  273. 
submarine.  In  Mediterranean,  vi),  442. 
of  Ve^uvlu8,  eruption  of,  iv,  439. 
Von  Hehnersen,  explorations  of,  xl,  288. 

w 

Wagner^  A.^  Jurassic  feathered  reptiles,  v, 

IV^^nw,  K,  on  larve-budding,  ix,  110, 363. 
H'(U//««*,  A,  brain  in  man  and  moiikeyg, 
bearing  upon  claj'siHcntlon,  iv,  188. 
obituary  o^  viii,  149. 
Wattz^H  Anthropology,  vii,  149. 
Waldaky  on  redevfli-pers,  vi,  418. 
Walker,  W.  J.,  obituairy,  ix,  374. 

prizes  of  Bost.  Soc  Nat.  Hist.,  found- 
ed by,  xl,  137. 
WaJlich^  sponge  secretions  in  Rhizopods, 

viii,  131.  ^ 

Waning,  H.  F.,  gravitation,  xl,  254. 
WiUpcrs's  Ann.  Botan.,  by  MiilUr.  ill,  140, 

xi,  126. 
yVuUh,  B.  D.y  frradfltion  fh)m  indivlduolsi 
to  species  in  insects,  xl,  282. 

on  Dimorphism  in  Cynips,  noticed, 
viii,  180. 
WaHfdyti,  hydrogen  and  iron,  iii,  272. 
densitv  of  vapors,  iii,  413,  vl.  40a 
WarcL  H.  k.,  geol.  museum  of,  ill,  449. 
Megatherium  Cuvieri,  noticed,  viii, 
295. 
casts  of  fossils  by,  ix,  224. 
Wamer'n  earthwork,  theorems,  etc,  no- 
ticed, iii,  304. 
Warren,  C.  Jf.,  safety  lamp  for  laboratorv, 
iil,275. 
progess  of  organic  analysis,  vlll,  387. 
process  of  fractional  condcDsation, 
ix,  327. 
volatile  hydrocarbons,  xl,  89, 216, 384. 
Warren,  &  K,  Descriptive  Geom.,  noticed, 
i,  148. 

elementary  Geom.  drawing,  noticed, 
Ui,303. 
Waslum,  vli,  116,  viii,  419. 
Water,  cliumtc  near,  ix,  372. 
in  Pads,  vii,  443. 

periodic  action  of,  Nickernfm,  ix,  151. 
Wator-fiUis,  vibrating,  Loomia,  vi,  352. 


Water-falls,  vibrating,  I^lrker^tm,  Ix,  151. 
VVaterglas.*,  Oidwau,  ii,  153,  337,  iii,  27,  T, 

185,  xl,  173. 
Water  moon  rise.  Hunt,  v,  395. 
Waters,  hot,  lithium  and  cseeium  in,  vlU, 
447. 
mineral,  ScouMten.  on,  xl,  288. 
concentration  of,  vi,  404. 
of  Bath,  etc.,  LytU,  ix,  13. 
natural,  chemistry  of,  Uunt,  Ix,  178, 
xl,  43,  193. 
WaUixn,  J.  C.y  corrections  of  elements  of 
a  comet,  v,  218. 
Eurynome,  vii,  140. 
comet  VI,  1863,  vii,  293. 
discovery  of  new  planet,  xl,  485. 
Waves,  earthquake,  at  Sand'ch  Ids.,  i,  301. 
Wax  of  Myricti  cerifenv,  chemical  coti«ti* 

tution  of,  Moore,  ill,  313. 
Wd>^ter^x  procwjs  for  oxyjjen,  v,  283. 
Wefld^h  sur  le  Cynomorium  coccinemn, 
iii,  189. 
Chloris  Andina,  noticed,  iv,  150, 
Weevils,  method  of  destroying,  viii,  446w 
Wehraiihe,  cyanid  of  phosphorus,  vii,  269. 
\Veiden,eyer\  N.  A.  Butterflies,  viii,  135. 
Weights,  metric  system,  v,  302. 

Brit.  Assoc,  on,  viii,  446. 
WeUm,  spectrum  of  hypouilrlc  acid,  1,415. 

on  solar  spectrum,  iv,  406. 
IVWff  nummary  of  Med.  Science,  ii,  303, 
Welwitschin,  llooker,  vi,  434,  xl,  273. 
Wenderoth,  G.  W.  F.,  obituary,  iii,  42a 
WenhanCx  binocular  microscope,  i,  110, 

viii,  HI. 
Werther,  Rclnsch's  test  for  arsenic,  il,  277. 
WetheriU,  C.  M.,  experimento  with  ammo- 
nium amalgam,  xl,  160. 
crystallization  of  sulphur,  etc.,  xl,  3S8L 
on  manufacture  of  vinegar,  noticed,  I, 
450. 
Wet/l,  on  carbon  in  iron,  ill,  27^ 
W/iartmi,  J.,  distance  of  variably  colored 

stars,  xl,  190. 
Whealley,  C.  M.,  Mesozoic  red  sandstono 
of  Atlantic  blope,  bone  bed  in,  i,  301, 
ii,  41. 
Wheder^s  quartz  operators'  hand-book,  xl, 

290. 
W/ielpley,  J.  2>.,   treatment  of  gold  and 

other  metals,  vii,  401. 
W/iUe,  C.  A.,  rocks  of  Mh».«i88ippi  valley 
and  new  fossils  from  Burlington,  Iowa, 
iii,  422. 
W/iite,  M.  C,  improvements  In  micro- 
scope, i,  110. 

spontaneous  generation,  Pasteur's  re- 
searches, ii,  1. 

diffraction  in  microscopic  vision,  lit, 
377. 

microscopic  organisms  in  homstone, 
iii,  385. 
White  river  basin,  v,  225. 
Whitfield,  JR.  P.,  note  on  Lingula  pollta, 
Iv,  186. 

on  rocks  of  Mississippi  valley,  etc, 
noticed,  ill,  422. 
WfiUnej/,  J.  JJ.,  height  of  Mt  Shasta,  etc., 
vi,  123,  vli,  81. 

on  results  of  geoL  survey  of  Cal.,  tUL 
256,  29a 
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Whitney,  J.  2>.,  explorations  of  Sierra  Ne- 
Tada,  1864,  ii,  10. 

on  Upper  Mississippi  lead  reffion,  no- 
ticed, iii,  463. 

Keol.  survey  Reports,  noticed,  1, 134, 
Iv,  157,  vi,  118,  vii,  82,  427,  ix,  99,  xl,  141. 

analyses  of  pyroschists,  noticed,  v, 

WichMoniif  on  oxyd  of  lead  free  from 

copper  and  iron,  1, 116. 
Ti'ic^e,  on  estinmlion  of  lime,  v,  116. 
IViedemanu't  Galvanism,  etc,  ii,  110. 
Wieder/iold^  on  arsenluret  of  hydrogen 

vii,  117.  .  /      6 

Wietter,  on  atomic  constitution  of  liquids 

vl,  409. 
Wilcocktj  on  ether  in  the  solar  system, 
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APPENDIX. 


I^ew  Planet — Prof.  Watson,  of  Ann  Arbor,  Mich.,  announces  the  dis- 
covery by  him  of  another  planet,  on  the  9th  of  October.  In  a  second 
letter  to  the  editors,  dated  Oct.  16lh,  he  adds:  "I  have  just  received  a 
letter  from  Prof.  Ferguson,  from  which  it  appears  that  the  planet  discov- 
ered by  me  on  the  9th  inst.  was  discovered  by  Dr.  Peters  at  Hamilton 
College  on  the  20th  of  September.  I  did  not  know  of  this  prior  discov- 
ery until  to-day.  It  seems  that  Dr.  Peters  communicated  his  discovery 
to  the  Observatory  at  Washington,  but  so  far  as  I  know  no  further  an- 
nouncement was  made. 

**  From  a  little  examination  which  I  have  made  I  feel  pretty  sure  that 
this  planet  is  identical  with  Sappho  ©,  discovered  by  Pogson  at  Madras 
on  May  2d,  1864,  but  subsequently  lost.  The  circumstances  of  the  mo- 
tion of  the  new  planet,  as  far  as  I  have  observed  it,  agree  precisely  with 
the  hypothesis  of  identity  with  Sappho,  according  to  Pogson's  observa- 
tions from  May  3d  to  May  12th,  1864." 

On  Prairies. — On  the  subject  of  Prairies,  some  excellent  observations 
are  made  by  H.  Engelmann,  in  volume  xxxvi  of  this  Journal,  in  an  arti- 
cle, commencing  on  p.  384,  on  the  causes  producing  the  different  char- 
acters of  vegetation  known  as  Prairies,  Flats  and  Barrens  in  Southern 
Illinois. — J.  D.  D. 

Meteorites. — In  a  pamphlet  on  Meteorites  (Aerolites)  by  R.  P.  Oreo 
of  Manchester,  England,  the  author  presents  the  following  System  of 
Arrangement : 

Class  I.    ASROLITES. 


08 


Order  A.    Sp.  gr.   mostly   between  1*7 — 3*2,  containing  little  or  no 

metallic  iron. 
^  Group  a.     Carbonaceous  ;  blackish,  and  containing  carbon. 
Group  b,     Howarditic ;  ash-gray,  fine-grained    matrix,   somewhat 
resembling  trachyte,  and  containing  imbedded  crystals  of  olivine, 
anorthite,  or  augite ;  outside  crust  highly  resinous  and  pitch-black. 
Group  c.     Feldspathic ;  containing,  or  consisting  of,  a  mixture  of 
anorthite  and   augite;    crust  pitch-black  and  highly    resinous. 
"Eukrite"  of  Rose. 
Groups/.     Crystalline;  peridotic,  shalkitio,  chladnitic;  (magnesia- 
silicates). 
Group  e.     Vesicular, 
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Ordkr  B.    Sp.  f^,  mostly  between  3 '2 5  and  3'9. 

Group  a,     Varioittic ;  after  the  manner  of  the  mineral  called  Variolite. 

Group  h,     Sommilh  ;  consistinjr  of  finely  mixed  crystnlline  miuenil«; 
aomething  after  the  nature  of  ihe  ejected  majwea  of  Ml.  Somma,  Vei»uvin». 


n 


Group  c.     Tufaceous  ;  mixed;  spherules  numerous.    )  *•  Porphyritic 
Cj ;  composite,  cru«le,  Ac  J  of  Sbepard. 

c^  ;  brecclated,  marbled,  &c. 
Group  «f.     PiovAnitic ;   arenaceous,  like  sandstone,  granular;  color 
yellowish  or  brownish  white;  particles  chiefly  olivinoid;  metallic  parti- 
cles freely  and  vinibly  intersperse:!,  occasionally  with  the  addition  of  mag- 
netite and  giaphite,  or  veined  and  stained  with  rust;  Bachmut  may  be 
taken  as  the  type.     Polished  surfaces  show  more  or  less  of  spherules, 
rfj ;  ditto,  very  flne-grained  texture. 
0^2  1  ditto,  grayish;  texture  more  compact  or  tough; 
New  Concord  and  Lixna  may  be  taken  as  types. 

Group  e.     Ckondritic ;  structure  coarsegrained,  grayish, 
f  J ;  oolitic  or  pisiform. 

e^  :  containing  small  angular  crystalline  fragments. 
Group/.     Blamtkttir. ;  after   the  manner  of  the  Blannku  meteorite; 
color  grayis«h  blue,  occ^iHionally  running  into  c  or  rfj  ;  probably  conlnios 
more  Labradorite  or  ano^ite  than  d  or  ^2*     Texture  rather  uniform. 

Group  h,  ErxUbenelic ;  texture  fine-grained,  lough,  and  gnlty ; 
highly  |>eridotic  and  metalliferous,  with  a  slight  bronzudike  luster;  this 
represents  quite  a  peculiar  group,  of  which  the  Erxlebeu  meteorite  may 
be  taken  as  the  type. 

Class  II.    SIDEROLITES. 

Ordbk  C.    Sp.  gr.  4-0 — 7  0  meteoric  iron,  containing,  or  mixed  with, 
stony  matter  and  silicates. 
Group  a.     Pallasites  ;  olivine,  coarsely  crystalline. 

<»j  ;  ditto,  finely  crystalline. 
Group  b,     Parlially  or  irregularly  mixed  with  silicates. 
Group  c.     Containing  nerolithic  fragments,  imbcJdcd  in  iron  showing 
Widdmannstattian  figures. 

Class  IIL    METEORIC    IRONS,    or   AEROSIDERITES .' 
Ordsr  D.    Sp.  gr.  between  70  and  80. 

Group  rt.  Agrammic;  without  line-markings,  not  lettered  when 
etched  with  acid. 

a  J ;  nacreous,  pearly  lustered. 
a 2  ;  spotted,  or  dotted. 
Group  6.     Microgrammic  ;  minutely  marked. 

Group  (?.  Eagrammic;  distinctly  marked;  lines  parallel  to  the  sides 
of  the  octohedron. 

Group  d,     Spora-grammic  ;  scattered  lines,  finely  marked. 

</j ;  ditto,  coarsely  marked. 
Group  e,    Nepkrlic  ;  convoluted,  or  clouded  markings. 
Group/.  Undetermined;  markings  doubtful,  or  altered  by  artificial  heat. 

'  Frequently  oontainiog  imbedded  portions  of  pyrites,  magnetite,  graphite,  and 
•cbreibersite. 
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